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This invention relates to improvements in the reactiva-
tion of catalysts.

The process for the catalytic hydrogenation of carbon .

monoxide with the use of the synthesis catalyst in the form
of a suspension is known. In this process the catalyst,
such as a catalyst containing a metal of the eighth group
of the periodic system, as, for example, iron, is suspended
in an inert liquid, such as a hydrocarbon, and the synthesis
gas, such as a carbon monoxide hydrogen-containing gas,
is passed upward through the liquid suspension.

It'is well known that the activity of these catalyst sus-
pensions may suddenly drop after a certain period of
operation. This sudden fall of catalyst activity is gen-
erally preceded by a slow decline of the activity which
is common to. all catalysts. The sudden fall of catalyst
activity will be referred to hereinafter as the point of
incipient catalyst activity decrease and is easily recognized
by the artisan.  Whereas the normal decline of the activity

_can be compensated for by gradually raising the reaction

temperature or by other means, the sudden fall of the

activity cannot be easily remedied. The common methods.

for reactivating catalysts, for example, by oxidation, hy-
drogenation, or extraction, have little effect on these in-
active catalyst suspensions. Methods which result in a
substantial change of the physical or chemical condition
of the catalyst are more effective, but they entail con-
siderable expenses, so that they become uneconomical in
the case of catalysts made from cheap raw materials, such
as iron catalysts.

It is one object of the present invention to prov1de a
process for reactivating catalyst suspensions used in the
liquid phase carbon monoxide hydrogenation. Another
object is to provide a reactivation process for catalyst
suspensions which can easily be carried out. A further
object is tc provide a method for the hydrogenation of
carbon monoxide in a catalyst suspension which can be
effected with good results over long periods of operation.
Still further objects will become apparent from the follow-
ing description:

These objects are attained in accordance with the pre-

 sent invention by diluting the catalyst suspension in which

the carbon monoxide hydrogenation is carried out. The
dilution in accordance with the invention may be carried
out either during the operation, or at intervals between
operations, but preferably it is effected after the point of
incipient catalyst activity decrease during operation.

This finding is most surprising, since it was to be ex-
pected that the efficiency of the catalyst suspension would
be parallel to the catalyst concentration. In other words,
it was to be expected that the efficiency of the catalyst
suspension would drop still further when the concentra-
tion of the catalyst is lowered. - For this reason it was
heretofore the general practice to maintain the catalyst
concentration in the suspension at a constant level.

An emodiment of the invention comprises filling part
of the reactor with a catalyst suspension of the usual con-
centration and diluting this suspension during the reac-
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tion, either by adding fresh suspending agent, or by letting
liquid reaction products accumulate in the reactor. This
mode of operation makes it possible to maintain a con-
stant gas velocity, based on the final volume of the cata-
lyst suspension, over the whole period of operation. A
further advantage of this embodiment of the invention is
that operation need not be discontinued by removing part
of the catalyst.

Another mode of operatxon is to keep the volume of
the catalyst suspension ‘constant by removing from time
to time a portion of the suspension and replacing it with
an.equal amount of a liquid medium. The laiter may be
added in the form of fresh suspending agent. " Alterna-
tively, the reaction may be conducted in such a way that
liquid hydrogenation products accumulate in the reactor,

-thereby making up the decrease in the volume of the

suspension. ‘

The portion of the catalyst suspension which has been’
removed from the reactor is very frequently still suffi-
ciently active to be useful at another stage of the carbon
monoxide hydrogenation. )

The process of the invention makes 1t possible to con-
siderably enhance the over-all performance of the cata-
The gas through-put may be maintained substan-
tially constant in spite of the dilution and actual decrease
in the amount of catalyst. - Thus, substantially the same
amount of synthesis products may be obtained with the
reduced amount of catalyst, as was obtained initially with
the larger quantity of-catalyst. - This is due to the fact
that the dilution in accordance with the invention activates
the catalyst. The gas load which may be handled by the
catalyst can therefore be increased in proportion fo the
dilution. ~For example, if 50% of the suspension is with-
drawn and replaced with fresh suspending agent, the gas
load of the remaining catalyst may be increased 100%-.

A further advantage of the invention resides in the fact

" that the formation of methane and ethane, which usually

" rises in proportion to the increasing inactivation of-the
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catalyst during the operation, is maintained at a low level.
Thus, the invention brings about an improvement in the
composition' of ‘the reaction product. If the concentra-
tion of the catalyst is lowered suddenly after longer pe-
riods of time, the formation of methane and- ethane as a
result, also decreases suddenly.

The extent to which the concentration of the catalyst
in the suspension is lowered according to the inventiom
depends upon the initial concentration and the mode of
operation. Concentrated catalyst suspension must be di-
luted to- a larger extent than suspension intially con-
taining a small amount of catalyst. Catalysts containing
supporting materials are diluted to a lesser extent than
catalysts without the same. - In general, the dilution in
accordance with the invention is varied within the range
of from about 70-5%, based on the initial concentration.

The process of the invention can be combined with
known methods for the activation of catalysts, such as
oxidation, hydrogentation, and extraction.

It has been found that part of the detrimental carbon
formed in some reactions and acting as a thickening agent
on the suspension, can be removed by decanting or cen-
trifuging the suspension.: Thereby a separation of the
catalyst in portions comparatively rich in carbon and por-
tions comparatively poor in carbon is accomplished. To
the same end a magnetic field can be used, as has further-
more been found. The catalyst portions poor in carbon
are then passed back to the reactor after having been
suspended-in a suitable liquid medium.

It is generally advisable to maintain the carbon content
of the suspension below a level of about 6% by weight,
based on the weight of the suspension. :

The hydrogenation of carbon monoxide using catalyst
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suspensions which can be reactivated in accordance with
the present invention is effected under the conventional
reaction conditions. Thus, carbon monoxide and hydro-
gen are passed into the catalyst suspension in a ratio of
from 2:1 to 1:2. The reaction is generally conducted
under pressures from about 3 to about 150 atmospheres,
and at temperatures. ranging from about 150 to about
350° C. Among the catalysts which are suitable for the
reaction are metals of the 8th group of the periodic table,
as well as compounds and mixtures of these metals. The
catalysts are suspended in aliphatic, arcmatic and hydro-
aromatic hydrocarbons or their mixtures, which, under
the synthesis conditions, are liquid and have only a small
vapor pressure.

The invention is not restricted to the reactivation of
catalyst suspensions used in the hydrogenation of carbon
monoxide but can also be applied to other catalyst sus-
pensions.

The details of the present invention will become ap-
parent to those skilled in the art from a consideration of
the following typical example of a specific embodiment
thereof.

Example

6,000 kg. of a suspension of a catalyst containing 750
kg. of iron, 1 kg. of Cu, 0.5 kg. of Ni, 0.6 k. of Mn and
4 kg. of K2CQz and no supporting material in a mixture
of synthesis hydrocarbons boiling .above 300° C. at nor-
mal pressure, are contacted in a pressure-proof and in-
teriorly cooled synthesis reactor with a synthesis feed gas,
containing carbon monoxide and hydrogen in the volume
proportion of 1.5 CO to 1.0 Hz under a pressure of about
12 atmospheres and at temperatures between 255 and
270°-C. for several hundred hours. The gas load amounts
to 1.5 normal cubic meters of CO--Hz per 1 kg. of iron
per hour. The conversion of carbon monoxide and hy-

~drogen -initially amounts to 88% and stays at this level
for about 400 hours. From -this time on the conversion
drops to about 40% within a few days. By raising the
reaction temperature or by changing the :gas load, the
conversion cannot be improved. ‘Now about one-half of
the suspension is withdrawn ‘from the reactor and re-
placed with fresh or used hydrocarbons as used above
for the preparation of the catalyst suspension. As a re-
sult, the conversion of carbon monoxide and hydrogen
rises to 90% wunder otherwise -equal reaction conditions.
This means that the catalyst still ‘present in the reactor
and containing about 370 kg. of iron, now handles 3 nor-
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mal cubic meters of CO-Ha per 1 kg. of iron per hour.
After another 600 hours, the catalyst suspension con-
tained in the reactor is removed and in its place the cata-
lyst suspension which had at first been removed is filled
in after dilution with hydrocarbons until an iron content
of about 6% is reached. Now the reaction is continued
for another 600 hours.

During the whole operation (1,600 hours) per 1 kg. of
the catalyst about 2,300 normal cubic meters of CO and
Hy are converted, the conversion being 88% thus form-
ing 380 kg. of hydrocarbons containing 3 and more car-
bon atoms in the molecule, oxygenous organic products,
and 28 kg. of methane, ethane, and ethylene.

We claim:

1. In the catalytic hydrogenation of carbon monoxide
wherein the catalysis is effected by bringing a mixture of
hydrogen and carbon monoxide in contact with a finely-
divided solid catalyst suspended in a liquid reaction me-
dium in a reaction zone, the reaction taking place in the
presence of said suspended catalyst and wherein the ac-
tivity: of said catalyst in suspension declines slowly and
then reaches a point of incipient catalyst activity decrease
defined by a sudden fall of catalyst activity, the improve-
ment making it possible to employ the catalyst after
activity declines, which comprises removing part of said
catalyst suspension from the reaction zone, dividing the
catalyst of the removed suspension into a portion rich in
carbon and a poriion poor in carbon, suspending the latter
portion in an -inert liquid to thereby form a reactivated
catalyst suspension, and thereafter passing this reactivated
suspension to the aforesaid reaction zone.

2. A process in accordance with claim 1 wherein the
removed catalyst suspension -is -divided as aforesaid into
a portion rich in carbon and -a portion poor in carbon by
centrifuging said -suspension.

3. ‘A process in accordance with claim 1 wherein the
removed catalyst is ‘divided as aforesaid into a portion
rich in carbon and a portion poor in carbon by subjecting
said suspension to-'the action of a magnetic field.
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