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The invention relates to a process for the
productlon of iron catalysts for use in the hydrogenation
of carbon monoxide. The inventlion relates more particu-
larly to the step of redusing such catalysts prior to
their use In the hydrogenaticn, whereby the catalysts
are converted into an actlve state.

Before using the Ao% cetalysts in the hydrogenation

of carbon monoxide, 1t has hitherto been usual to pre-

treat them with hydrogen. For such pre-treatment, the
hydrogen hag to be partieularly purs, dry and free from
earbon dloxlds; the hydrogen is, therefore, comparatlvely
expensive. The ocatalysts obtalned upon such pre-
treatment are substantially in thometallic state and
they suffer from the disadvantage that they are partlou~
larly sensitive to flustuatlons In the synthesls condl-
tions, that 1s to say, to the conditions used in the
hydrogenatlion of carbon monoxide. FRurthermore, thease
catalysts tend to lead to an increase ln the formation
of mothane and in the formatlon or separatlon of carbon.
It is also known to convert the lron catalysts into
the active state by treating them with carbon monoxide,
for exemple at a pressure bolow atmpsphergh or by treat-
ing them with osrbon monoxide/hydrogen mixtures such,
for example, ez the synthesls gases themselves, under
the synthesls conditlons. Such methods of - pre-treatment,
however, have dlsadvantages; the treatment w%th pure
oarbon monoxlde at subeatmospherlec préssure is eompara-
tively expensive and 1as not wlthout danger, whillst the
troatment with mixtures of ocarbon monoxide‘and hydrogen

under synthesls conditions results Iin catalysts of low
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activity.

We hnve found that the iron catalysts, in oxidice
form, can be reduced with carbon monoxide or with gases
contalning carbon monoxide, for examnle, technicsl or
industrial mixtures of carbon monoxide and hydrogen or
of carbon menexide and an inert yzas, st & apace velocity
greater than 300, nreferably groater than 1000 litres/litre
catalyst/hour, at temperatures of 180°C-600°C, prefer-
ably 20000-40000, the bhilgh spsce velocity required being
obtalned or adjusted by recycling the rerction gas. It
was found to be advantageous to heat the cetalyst and the
reduction ges separatsly to the reactlion tempsrature re-
quired. ‘The reduction can be effected with gas mixtures
of any carbon monoxlde concentration. This has the
advantage, as compared with reduction by hydrogen, that
the synthetic gas provided for the synthesls or, as the
cese may be, the generator gas which is cheaply avallabls,
may be used for the reduction of the oxldle 1iron catalyst.

It has further been found that 1n the reduction
wlth carbon monoxide or with gases contalning carbon
monoxlde, 1t 1s of great advantage to pass the reducing
gas over the catalyst at full space velocity from the very
beginning. Catalysts of high setivity and long life are
obtainsed by such wmsans.

According to the Invention, therefore, a process
for the reduction of an iron catelyst orior to 1ts uase
in the hydrogenation of carbon monoxide, comprises
paszing carbon monoxide or gases containing carbon

monoxlde over the catalyst at & space velocity greater
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than 300 at a temperature within the range 180°C -
600°C, the reducing gas being passed over the catalyst
8t full space veloolty from the beginning of the process
of reduction.

The space veloclty durlng reductlen is preferably
greator than 1000 volumes of gas per volume of catalyet
per hour and the temperature of the reduction process
1s profersbly within the range 200°C - 200°C.,

The known pre-treatment of the Iron catalyat with
aynthesls gases extends over a period of days with the
uge of space velocitlios of 60-150 volumes of gas per
velume of catalyst per hour; in comparison, the process
according to the inventlon ensbles the duration of the
process of reuauctlon to be ghortened and ylelds a
catalyst havling an appreclably higher degree of
activity. Tﬁe higher nctivity of catalysts produced
acoording to the inventlon 1s recognised bym;he fact
that the reaoctlon temperature 1s reduced by 20°c -~ 40°C
and that the life of the catalyst 1s increased by
several months.

By the use of recyecling to obtain the high space
veloelty, the ocarbon monoxlde present in the gas 1s
better utillsed. If the high space veleoelty ia not
applled at once, then ecatalysts of lower activity are
obtalned. Superficlally, this may even be recognised
by the ocolour of the oatalysts; catalysts of greatost
activlity are completely black, whilst those of lowor
activity are grey.

Where an iron catalyst has been reduced with ecarbon

monoxide or with a hydrogen-free carbon monoxide mixture
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and 1s to be ugsed at normal pressures, it is advantageous
to treat It subasequently wlth hydrogen at a temperature
within the range £50°9C - 400°C,

The followlng relatlons exist between the tempera-
ture on the one hand, and the apace velocity, the carbon
monoxlde oontent of the gas used and the reduction
periocd on the other hand;-

1. Inerease In the space veloclty necessitatss an
ircrease in the temperature.
2. The reactlon temperature is to be lowered wilth

Inorease in the carbon monoxids content of the

reducing gas.

3, The redvwction periocd is reduced wiith Increase in

temperature .

It follows, therefore, that in order to obtain a
rodustion perlod of short duration and, with 1t, a high
degree of aetivity in the catalyst, the temperature used
should be ms high as posslble, the conecentration of
carbon monoxide in the reducing gas should bo low and
the apaoe veloalty should be high.

In sddition to belng carried out in the synthesails
reactor, the reduction of the catalyst may, according
to the invention, be effected in partisularly thin layers
of catalyst having a thlokness of less than 1 metre,
preferably of a thiokness of 10 om. - 50 om., in whlch
cese the meducling gés must flrst be hoated to the
rquired temperature. Space velocltles of 60-150 litres/
litre catalyst/hour, such as are generally uSBd‘in the
synthesls, are unsuccessful because the catalyst 1a

overheated as a8 result of the complete conversion of
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the gas with insufflclent removal of the hoat., Howeveyr,
1f accordlng to the invention high spaos velccltles are
used, only & small portlon of the earbon monoxlde in
the reduction gas put through at the tlme Is converted,
even at hlgh temperatures, amd damage by ovorheating
wlll not ceccur. The exit gas may, with advantege, be
recycled or it may be passed to the syntheals process.

A particular, technical advantaogg lles in the fact
that the carbon dloxide in the reduction gas has 1little
or no effect on the activity of the catalyst when 1t 1s
subassguently used under pressure. In thls case, there-
fore, 1t 1s not necessary that the gas used for the
reduction should be scrubbed for the removal of osarbon
dloxlde.

Iron catalysts reduced aocording to the process of
the invention, are distingulshed by their high actlvity
which enables the synthesls temperatures to be reduced
by 20°C - 40°C. The life of the catalysts is also
inorsased from o periocd of 3-5 months which has hitherte
been normal, -to 6«12 months. A notable feature of the
use of iren ocatalysts reduced according te the inventlon,
is the low formatlion of methane. It 1s thus posslblie %o
inorease the conversion of carbon monoxide to 95% and
over and to use the catalyst for all methods of carryling
out the synthesis. Furthermore, oantalysts reduced accord-
ing to the invention have o greater tendensy to effect
the CO-reduction with the formatlon of water than have
catalysts prae=treated asoording to the processes hiltherto
known, A8 a catalyst reduced according to the process

of the invention forms scarcely any methane, permita a
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sarbon monoxide conversion of 95% and over and acts
strongly with the formation of water, a yield of from
180 grams to over 190 grams of hydrocarbona having more
than one carbon atom per melecule, can be cobtained per
normal oubic metre of CO + Hyo

The reduction of iron catalysts accordlng to the
Invention, ls illustrated in the followlng Examples.

EXAMPIE 1.

An iron catalyst consisting of 100 parts by welght
of iron, 60 parts of alkaline sarth oxlde, 7.5 parts of
copper and 1 part of potassium carbonate was placed in
an iron tube having an internal dlameter of 15 m.m. and
was treated by the recyele protess with carbon meonoxide
at a temperatures of 2600C-270°C, The load waz 300
litres of carbon monoxlde per litre of catalyst and
the recycle ratioc was 1l:4; the space veloclty therefore
amounted to 1500 litres/listre of cotalyst/hour. After
twelve hours, the conditions were adjusted to bring the
catalyst on to synthesls. Using water gas at a gauge
presasure of 10 atmospheres and a temperature of 200°0-
220°C, the ylold was up to 180 grams of hydrocarbons
hoving more than one carbon atom per molscule, per
nommal cuble metre of CO + Hgp.

EXAMPIE 2.

A earrier~free iron cabalyst containing 0.2% by
welght of copper and 0.25%  of potassium carbonate was
treated for six hours in a synﬁhesis reactor with water-
gas of the followlng composltion by volume := 64C0p, ‘
38%c0, 4748, and 9% Np at a temporature of 200°C - 310°¢.
The apace veloolty was 3000 litrea/litre of catalyat/
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hour. When the treated catalyst was used wlith water
gos under a gauge pressure of less than 10 atmospheres
and at & temperature of 190°C - 215°C, o yield of up
to 180 grams per normal cublic metre of CO#Hg was
obtained.

EXAMPLE 3.

A cotalyst consisting of 100 parts by welght of
iron, 50 parts of klesclguhr, 15 parts of megnesium,
one part of copper and 2 parts of potassium carbonmte,
and being in o layer of a thickness of 20 cm. - 25 om,
was treated for one hour with 1000 normal litres of a
hydrogen-rich synthosls gos (Hp3:C0=2:1) per litre of
satolyst at o temperoturs of 320°C - 350°C and at =
recycle ratio of 1:5, that is to say, the troatment
was carried out at o gpace velocity of 8000 litres/
litre of catolyst/hour., The treated catalyat was then
usod in synthesls with a hydrogen=-rich synthesls gas
under a gaugo preasure of less than 10 atmospheres and
o space velocity of 600 litres/litre of catalyst/hour,
the temperature being 18506-210°C . 96%-99% of the
carbon monoxlde wos worked up in throee stnges, the
Hp/CO consumption ratio being 1.5 - 1.,8. As there was
practically ne formatlon of methone, a yield of 160
grams te 180 grams per normal cublc motre of CO4Hp wos

obtolned.
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The embodiments of the invention in whieh an
exclusive property or privilege ie claimed are
defined as follows:-

1. Ipn the method for the reduction ¢f an iron
catalyst for use in the hydrogenation of carbon
monoxide, the improvement which comprises contacting
a gas consisting of or conteining carbon monoxide
with the iron catslyst at a temperature in the range
180° - 600°C and at a space velocity greater than 300 volumes
of gae per volume of catelyst per hour, the gas belng
passed cover the catalyst at a sutstantially constant
velocity from the beginning of the process of
reduction.

o, Improvement according to claim 1, in which
the space velocity is greater than 1000 volumes of gas
per volume of catalyst per hour.

3. Improvement according to clalm 1 or claim 2,
in whicn the temperature 1s withln the range 200° - MOOOC.

4. Improvement according to claim 1 or claim 2,
in which the reduction is carried out with the catalyst
in a layer of a thickness not greater than 1 metre.

5., Improvement according to ¢laim 1 or claim 2,
in which the reduction is carried out with the catalyst
in a layer of a thickness of from 10 to 50 centimetres,

6. Improvement according to claim 1 or elaim 2,
in which the temperature is lowered with increase in
the concentration of carbon monoxide in the gas,

7. Improvement according to claim 1 or claim 2,
in which the greater the space velocity used the
higher the temperature at which the reduction 1s

effected.



