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?he invention relates to a process for the catalytic
hydrogenation of carbon monoxide, and particularly to =
mgthqd of carrying out such a process in stages and in a
liguid medium in the presence of an iron catalyet,

It is am object of the invention to provide a process
for increasing the yield and for'increasing the efficicncy
of the catalyst when the hydrogenation of carbon monoxide
is carried out in a liguid medium in the presence of an
iron catalyst. '

It is known that the hydrogenation of carbon mohoxide
in the presence of an iron catalyst in the geseous phase
is most advantageously carried out in several stages;
because, due to the high space velocity then used, the
CO/H, censumption ratio mey be substantially adjusted to
the CO-H, datio in the fresh gas, so that the yield may

‘be substantially increased, In contrast therewith, when

the hydrogenaticn of carbon monoxide is carried out in a
liquid medium, the stage-wiBe process has hitherto not
bBesn used, because in this case the CO/H2 consumption
ratio cannot be aﬁpfeciably influenced by an increaged
veiocity.of the gas, and because, when synthesels gases
rich in carbon monoxide are used, it is possible to
abtain in & single stage the same ylelds as arc obtained
in seversl stages in a aynthesis darried out in the
gassous bhase with water gas or synthesis gases rich in
hydrogen, It has been found that it 1s particularly
edvantageous to use a gas in which the CO/Ha.ratio is

3 : 2, because thereby it is8 possible to obktain the ylelds
referred to of useful hydrocarbons as well as a high

efficiency of the catalyst,
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Although in the hydrogenatlon of carbon menoxide in
a linuid medium, it is not possible appreciably to in-
fluence the GO/H2 consumption ratio and thus tﬁe total
yield of syntheéis produots by carrying out the process
in atages, it has been found, acceording to the invention,
that in stage-wise operation the yield of useful hydro-
carbong, that is to say of hydrocarbons having 3 or more
carbon stoms in the molecule, may be increased to 165 - 185
grams per normsl cuble metre of €O + H,, and the effi-
ciency-of the catalyst may be substantially increased by
fi:st operating the synthesis reactors in parallel for more
than éix hours, prefefébly for more than twelve hours, for
example, for 24—72 hours, with fresh gas at a load of less
then 3 normal litres of CO + H, per gram of Fe per hour,
the load of fresh gas being increased continuously or in
stages as the CO-conversion and/or synthesis gas contrac-
tion increaaes,'up to 3 normal litres of CO + H2 per gram
of Fe per hour, the synthesis reactors being only then
switched t4 stagewise operation, while, if necessaly,
increaping the ldad of synthesis ges stili further, A8
a result of the catalyst being initially loasded with but
e small guantity of synthedis gas, an increased CO
conversion ig cbtained while less methare and less carbon
are formed, If the catalyst is not started in accord-
ance with the invention, but is aflonce started with the
synthesis reactors connected in series, higher tempera-
tures are necessary to cbiain esqually high CO-conversions,
Ag 8 result, an increased formation of methane and an
increassd separation of capbon will occcur at the expense

of the yield of useful synthesis producis. Moreover,
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the efficiency of the catalyst is reduced by the increaged
formation of cafbon.

. It has been found to be particularly advantageous to
start the catalyst first with & load of 0.8 - 1.2 normal
litres of CO + H, per gham of Fe psr hour, and to increasc
the load of fresh gas continuocusly or in stages to 2 - 2.7
normal litres of CO + H, per grem of Fe per hour ag the
cbnversion. of CO and/or the gas contraction ihcreases.

The strongest effett in the process according to the
invention may be obtailned by using a precipltated catalyst
which has been dried at a temperature within the reonge
200° - 50000, preferably at a temperaturs within the
range 250' - hOOOG, by means &f a gas, such as air, the
drying being carried out to such an exﬁent that the catn-
lyst contains less then 0.3 %, preferaply less than 01 %,
of water,

Moreover, a rise in temperature;of from 2000 tg
100'9’ preferably of froin 30% to 60;13, in the catalyst
suspensign in the upward direction, that ié %h say, in
the directipn of the flow of synthesis gas, hag an
extremely advantageous effect on the efficiency of Qhe
catalyst and the fermation of unsaturated hydrocarbéns.

in the process according to the invention it has
heen found to be adventageous to remove the carboen
diexide, in whole or in part, from ths synthesis gas
between the stages, For this purpose it is advantage-
ous to use o hot solution of K2003 for the reason that
hydrocerbons are net washed out by the use of such a

golution.

The prgcess according to the invention is
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illustrated by the following Examples:-

Two synthesis reactors having a length of 5 metres
and an internsl diameter of 5 centimetres were each
filled with L.5 kilograms of a 10 % catalyst suspension,
The catalyst used, which, in addition itc iron, only comn-
tained 0,2 % of Cu and 0.4 % of K,C0y, was precipiteted
with ammeonia from an iren nitrate/copper nitrate golution,
impfegnated wilth KZGO3, dried for 12 hours at 35000
while sir was passed over it, and ground in a ball mill
together with crude scale paraffin wax (Paruffingatsch).
The two reactors were heated to 280°C while niirogen was
passed through the catalyst suspension, When the
temperature of 28000 was reached, the gas passed through
the reactors was changed to synthesis gas (CO & Hy = 3 o2
Phe load amounted to 4 normal litre of synthesis gas,
which corresponded approximately to ¢,9 normal litres of
Co + gé, per gram of Fe éer hour, Ovar tna firat L
hours; the gae load was increased continuously, in
accordance with thé CO conversion ond the synthesis gos
contraction, te 2.4 nermcl litres of synthesis gas
(approximately 2.2 normal litres of CO + H2) per gram
of Fe per hour. Aftér % hours on stream, o CO conver-
Blon of 90 % was attained, With this load, the th
renctors continucd to be operated for a further 48 hours
while the temperature was reduced. When the temperature
had dropped teo 25000, the two reactors were connected 1n
geries, that is to say, the synthesle wos changed to
stage-wise operation, The load of reactor I (stage 1)

wes increased to 6 normal litres of synthesis gas
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{2pproximately 5.4 normal litres of CC + HQ}. After
having been ccoled to room tomperature,vine tall gos of
stage I was passed through reactor Il (;Qage 11), The
gynthesis tempercture was controlled in Such manner

that 60 % - 65 % of the carbon monoxide in the synthesis
gas was converted in the first stage, and 30 % - 35 % of
the carbon monoxide was converted in the sccond stage,
go that the total conversion of carbon monoxide was
fairly constont . at 95 %,

In spite of the incrsased CC conversion, the
formation of methone did not increase, 80 that on
avefage yield 1f 169 - 172 grams of useful hydrocarbons
per normal cubic metre of CO + H, was-obmained, which
equals an increase in yileld of roughly hh -5 %, The
efficiency of the catalyst in the first stage was about

800 grams, ond that of the second stage 500 grams, of

“hydrocarbons per gram of Fe, so that the cfficiency of

the catalyst of the firet stage had riscﬂ by 300 grams of
hydrocarbons per gram of TFe.

Example 2 shhws that it ic also possible to increase
the catalyat efficiancx of the subscquent ~tages,

- EXAMPLIS

Three synthesis reactors gach having o length of
6 netres and an internal diemeter of 5 centimetres werg
chnrged with the same catalyst as that uged in Example
1. The reactors were heated in such menner that uhe
temperature in the catalyst euspension wag 23500 at the
gas inlet and 282°% at the gas outlet, At this
temperaturc, the three reactors were firét started with

a load of fresh gas of 1.1 normal litres, corresponding
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approximately to 1.0 nermal litres of CO + H2
(co : Hy = 3 : 2) per gram of Fe per hour, During the
first eslx hours, the gas load was continuously increased

in accopdance with the CO conversion and the bynthesis gas

contraction respectively, to 2.5 normal litres of fresh

gas, equivalent to approximately 2.3 nermal litres of
CO + H2 per gram of PFe per hour, A CC conversion of
over 90 % wns thus obtained afber five hours, The three
reactors were operated for a fucther L8 hours under these
conditions, while the temperature was slowly reduced.
When the temperature in the catalyst suspension was 215°C
at the gas inlet and 25200 at the gas outlet, the reactors
were connected in series, that is to say, the synthesis was
changed to stagewise operatlon, Reactor I (atage 1)
was charged with 10 normal litres of freeh gas, equivalent
to epproximately 9 mormal litres of CO + HZ’ per gram of
Pe per hour. The CO conversicn amounted to approximately
45 %, The tail gas of the first stage was then passed
through o CO, scrubbing tower {hot K,C0 polution) and a
condensur into reactor II (stage I1) in which all of the
carbon monoxide except for approximately 20 %, was con=
verted, The tail gas of the second stage was similarly
poszed through a 002 gcrubber and a ccondsenser 1o be
immedistely thereafter substantially completely converted
in the thiré reactor {stage II1), the total CO conversiou
being from 97 % to 99 %.

Particularly striking features of the hydrogenation
of carbon monoxide in the liguid phase carried out in
aceordance with the invention, are the constancy of

the synthesis temperature, the unusually high (810]
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conversion of an average of 98 % with a low methane
formation, and the 1ong.active life and efficiency of
the catalyst even in the subsequent stagesn,

The average yield of useful hydrocarbons (03+) :
umounts to 178 - 182 grams per normal cubic metre of
Co + Hz, the efficiency of the catalyst being approxi-
mately 1200 grams of hydrocarbons per gram of ¥e in the
first stage and approximstely 1050 grame per gram of Fe
in the second stage. In the third stage, the efficiency

is lower, However, the catalyst is still not exhausted,

-8 -
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The embodiments of the inveniion in which an
exclusive property or privilegs is clpoimed ore
defined as followsi~-

1. A process for tho hydrogenation of
carbon menoxide, whioch oomprisés pessing a fresh
synthesis gas conteining carbon monoxide and
nydrogen 1n synthesis proportions upwardly through
a suspension of an iron catalyst in a liguid
medium under synthesis conditions of temperaturé
and pressure, the catalyst suspension being
contained in two or more reactors connected 1ln
parallel and through which the fresh synthesin
gas is passed for at leset 6 hours at a rate of
1ee§ then 3 normal litres of GO + H, per gram of
total iron in thé catalyst per hour, continuously
or otherwise 1noraasihg the space veloolty of
the fresh syntheslis gas to & value not exceeding
3 normel litres of CO + H, per gram of total iron
per hour ss the CO conversion and/or the ges
contraction increases, gnd theresofter passing
the gas through the gavernl reactors in series
to convert the broceaé into one of multi-stege
cporation,.

2e A process for carrying out the hydro-
genation of carbon monoxide 1in two or meore reactors
in the presence of an iron catalyst suspended 1n
a liquid medium, in which the reactors sre
firgt brought on-stream DY being connected in

parallel for morc than 6 nours, using fresh
synthesis ges at & spacoe velocity of less than 3

poomal litres of GO + H, per gram of Fe per hour,
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inoreasing the space velocity of the fresh synthesis
ges continuously or in stages up to a value not
exceeding 3 normal litres of 0O + H2 per gram of
e per hour ae the CO conversion and the synthesla
gas contractlon regpectively increase, and there-
after switehing the reactors to gtage-~wise
operation during which the synthesis gas 18 passed
through the several reactors in series, if
necessery with further increase in the space
velooity of the synthesis gas,

S A process according %o elaim 1 or clalm
2, in which the reactors are conneoted in parsllel
for more than 12 hours,

L A process according to claim 1 or claim
2, in whish the romctors are connected in parallel
for o period within the range 2, = 72 hours.

Se A process aggording to claim 1 or claim
2, in whioch the catalyst is first wrought on-stresm
with from 0.8 to 1,2 normol litros of CO + H,
per gram of Fe per hour, the space veloolty belng
inoregsed in stages or continuously to & valus
within the renge 2 = 2.7 normel litres of CO + H2
per gram of Fe per nour before the change-over
to stage-wise operation ig effected.

6. A process according to claim 1 or cleim
2, in which a precipitated catalyst is used, the
catslyst heving been dried at a temperature in the
range 200o - 500°G in a stream of gas, guch as
air, tc such o degree that it containa tess than

0. 3% by wolght of water,

—10~
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Te _A process according to claim 1 ov
olaim 2, in which s precipitated gatalyst is
used, the precipitated oatalyst having been
dried at a temperaturs in the range 250D - 40000
in a stream of gas, such as air, until its
water conitent i1s less than 0,3% by weight,

8. A process according to claim 1 or
claim 2, in which a precipitated catalyst is
used, the precipitated oatalyst having been
dried at = temperature in the range 250o - hOOOC
in a stream of gas, such as sir, t0 bring its
content of water to less than 0.1% by weight.

9. A process according to cleim 1 or
claim 2, in which the temperature in the catalyst
guspension incresses upwardly in the dirsctlion
of flow of the synthesis ges, t0 the extent
ot from 20°¢ to 100°C,

10, A process according to claim 1 or
oléim 2, in which the temperature in the catalyset
suspension increases upwardly in the dirgetion of
flow of the synthesis gas, to the extent of from
30%C to 60°0,

"”11. A process according to claim 1 or
claim 2, in which carbon dloxide is remcved from
the synthesis gas botween the individual stages
during the stage-wise operation,

12, A process according to claim 1 or
cleim 2, in which carbon dicxide is removed, by
serubbing with a hot, agueous solution of potasgium

cerbonate, from the eynthesis gas between the

-1 4
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no stege-wise operation,





