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2.

The invention relates %o a progcess for the
hydrogenation of carbon moncxide and particularly
té a method, which is very effective, of carrying
out the hydrogenation of carbon monoxide in the presence
of a catalyst which is suspended in a liéuid medium.

The advantage of carrying out thé hydrogenation
of carbon monoxide in a ligquid-medium over a process
ocarried out with a fixed-bed catalyst in the gaseocus
phage, resides partly in the faet that, due to the
high degree of 'turbulanoe in the suspension, the
temperature of the catalyst 18 substantially the same
throughout, When highly‘&ctiia catalysts are used,
it is in some cases impossible completely to avold
the separation or deposition of carbon and the formation
of me%hana and, with suoh.featura or feéturds, a
shortening of the active 1ife.of-the catalysts,

It has now been found that it is possible %o

.extend the active life of the catalysts considerably;

to increase the yieid in reaction products by reducing
the Iormatipn of mathang, and to further the formatiocn -
of benzine hydrooarbona, that 1s, hydrocarbonsg boiling
in the gasoline range, by inoreasing the temperature

of the catalyst suspenslon to the exﬁeub of- 10°- 100%C.,
and preferably 20°- 50°c., from the gas inlet to the
gas outlet. It has been found to be particularly
advantageous to distribute the rise in ﬁemperatﬁre
throughout the total height or depth of the satalyst
sugpenslion in such manper that the Tise in temperaiure
in the lower layer or layers exceeds thét in the middle

and upper layers.
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In large-scale reactors this rise in temperature
may be attained by reducing the areag of the cooling
surfaces in the direction of gas flow or by constructing
or providing the cooling system as a number of partial
or independent syatems the temperatures of which mey be
adjusped or controlled individually. If nocessary
or desired, the size or area of the cooling surfaces of
the partial or independent syétems may vary in sueh
manner that the cooliné area deorgaaes in the upward
direotion, that is to say, in the direotion of the
gas flow,

The sffect cbiained by the method according to
the invention is extremely surprising and could not
be foreseen in any wey, since with the predominant
formation of benzine hitherto a relatively high
formation of methane ha& also to be acoepted, which 18
not the case in the procese in aocordanoé with the
invention, Acoording to the inventlon, by adjusting

the rise in temperature in the catalyst suspension,

.1t is readily possible to obtaln 90% - 95% of benzine
without more than 8% - 10% of methane, relative to the

total yleld, being formed. Moreover the catalyst
effiolenay increases from approximately 400 grams of
hydrocarbons per gram of iron present in the catalyst
to 600 grams - 800 grams of hydrocarbons per gram Fe.
While in the hydroganation'of carbon monoxide
carried out in the gaseoug phase in the presence of
fixed-bed ocatalysts it is known to increase the
temperature in the coolilng system by approximately

50.20°C., it has not been possible to draw conclusions
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therefrom in respect of the hydrogenation of carbon
monoxide in a liguid medium, since in the liquid
phase the cata;yst 18 in vigorous, turbulent motlon.
Moreover it should be pointed out that when the synthesis
is osrried out in the gaseous phase, the Trise in
temperature in the cooling system is to be egquated
with the temperature in the catalyst, which is known
to decrease by 10°- 15°C. in the directlon of the
synthesis-gas flow, so that the rise in temperature
in the cooling system serves prineipally to equalize
this temperature drop. However, the temperature in
the catalyst is then only raised by 5°- 8°C. in the
downward direction, that is to say in the direction
of flow of the synthesls gases. However, temperaturs
differences of from 59.8°C, do not produce any
sffoot when the synthesis is carried oub

in the liguid phasge.

The infention js 1llustrated in greater debtall
with reference to the following comparative example:-

A vertical tube having a length of 5 metres and
an innsr dlismeter of 50 mm. was provided with a heating
jaocket of 4.80 metres length. The tube was filled with
4,5 kilograms of a catalyst suspension whieh contained
450 grame Fe, The unsupported iron catelyst used was
a distinot benzine-former and had the following
oomposition: =

4500 grams of catalyst suspension contained 450
grams Fe, 0,7 grams Cu, 0,35 grams Ni, and 0.40 grams
Mo in the form of metal-oxygen compounds, such as oxides,

hydroxides, and/or carbonates, and 1.35 grams K,COz.
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1.2 normal cubic mstres of synthesis gas, the Hp:CO
ratio éf whioch was approximately 2 : 3 and which was
subjected tc a pressure of 10 atmospheres gauge,
-wera forced per hour through the catalyst suspension.
As showﬁ in the Table given hereinafter, a CO
conversion of over 90% was obtained after 700 hours
of operation and at & temperature of 278°C. measured
in the suspension. The methane formation was relatively
nigh. The catalyst efficienoy was approximately
400 grams of hydrocarbons per gram Fe. 75% of the
products had boiling points below 200°C.

In the second run, the tube of 5 metres length
wag provided with three separate heating jackets.
The lowermost bheating jacket had a lengbh of 1.20
metres, the central heating jacket had a length of
1,50 metres, and the uppermost heating jacket had a
length of 1.80 metres, Each jacket was heated
separately, As in the first run, the tube was then
oharged with catalyst suspension and opeféted with
the same synthesis gas, with the only difference that
the temperaturs in the catalyst suspension at a
position 10 centlmetres above the synthesis gas inlet
was 25°- 4090, lower than et a position 10 centimetres
below the position at which ﬁhe gas left the suspensiocn,
A 0O conversion of over 90% was obtalned after 700
hours at the temperatures shown in the Table (251°c.
at 10 centimetres above the synthesis gas inlet and
267°C. at 10 centimetres before the synthesis-gas
outlet). The values given in the Table indicate

that, due %o the hilgher methane formation, the yleld
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obtained in thé first run - particularly having regard
to the yield of Cs and higher hydroocarbons - is less
than the yield obtained in the second Tun, in which

* the temperaﬁﬁré'riée in the catalyst was applied in

accordance with the invention. The inorease in the
yield of 05 and C4 hydrocarbons obtained in the second
Tup is partioularly striking. Accordingly, the
portion of products having beilings points of below
200° and a C-pumber of Cz and higher, had risen to

1o 87, The catalyst efficisenoy was approximately 700
grams of hydrocarbons per gram Fe.
TABLE
Analysis
Temp, COz | C3+l4 | C2 | CO | Hz | Satur-| Nz |Co- lg CHy/ | g Cof
o ole- ated con= |Nobm Nobn
+ C. fins hydro- vers-|CO+Hg | CO+Hp
oar- lon
bonsg
Synthes+
1' sa.s - 3.4 - - 57.0 56.5 0.1 4'2 - - -
- End gas
Tinat a
* End gas|bottom
\ goodndf,ZSIﬂ
“Run v
 ftopf88.7 | 8.0 | 0.8) 9:2112.3| 4.5 B.7 | 98.5] 12,7 | 167.2
287

T

03 o denotes hydrocarbons having three or more carbon atoms in the
mbleoule :

Ti
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The embodiments of the invention in which an
exclusive property or privilege is claimed sre
defined as followa:-

1. In o process for the synthesis of
hydrocarbeng by the hydrogenotion of cerbon monoxide
in the presence of a catalyst suspended. in =
liguid medium, the improvement which comprises
maintaining a tempersture rise of from 10% to
400°C 1n the oatalyst suspension in the difection
of flow of the synthesis gas,

24 An improvement according to claim 1,
in whioch the temperature rise in the catelyst
susponsion 1s within the range 20° - 5000.

3. An improvement according to eisim 1 or

olaltm 2, in which the temperature rise, particularly

in & large-soale synthosls reactor, is chtained by .

. reduotion of the area in the cooling surfaces of

' the sooling eystem in the upwerd direction,

L An improvement asccording to olaeim 1 or
elaim 2, in which the oooling system, particulafly
of a lorge-soale syntheals reactor, conpilate of a
nurber of independent systems, the temperature
rise being cbteined by individusl edjustment of the
temporatures in the indspendent systems.

5e Antimprovement'aocording to ciaim 1 or
olaim 2, in which the temperature rise in the
catnlyst suspension is obtained by means of a
cooling eystem provided ur constructed a8 & .nu.rrber
of part-systems the cooling areas of which vary
in size so that the cooling area of the tokal
ooollng system decrsases continuously or stepwiss

in the upward dirsction,
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6o An izprovement asosording to olaim 1 or
eslaim 2, in which the rise in temperaturs in the
lower part of the catalyst suspension le greater
than the rise in temperasture in the upper pert of
the catalyst suspension,

7o An improvement sccording to claim 1 or

olaim 2, in which the catolyst contains iron.






