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7 Claims,

This invention relates to a novel method for
regenerating cobalt catalysts so as to restore
them to a high level of activity for the catalytic
conversion of olefins, carbon monoxide and hy-
drogen into carbonylic products.

In accordance with this invention, cobalt
catalysts which have been used for the catalytic
conversion of carbon monoxide, hydrogen and
olefins into carbonylic products and whose cata-
lytic activity is at a low lével, are regenerated to
& high degree of activity by contact with an
oxygen-nitrogen mixture at a temperature be-
tween 100 and 400° F. for a period of at least 4
hours. The oxygen-nitrogen mixture employed
for the regeneration of a cobalt catalyst has a
composition of 1 to 25 per cent oxygen and 75
to 99 per cent nitrogen. Air serves well as a
regenerating gas.

After treatment with an oxygen-nitrogen mix-
ture in the aforedescribed manner, the cobalt
catalyst can be used directly for the catalytic
conversion of carbon monoxide, hydrogen gnd
olefins into carbonylic products. Cobalt cata-
lysts regenerated in this fashion possess a high
level of activity for the conversion of carbon
monoxide, hydrogen and olefins into liquid car-
bonylic products.

Cobalt catalysts have been found to be most
effective for the conversion of olefins, carbon
monoxide and hydrogen into carbonylic prod-
ucts. The conversion of olefins, carbon mon-
oxide and hydrogen into carbonylic products is
ordinarily effected at a temperature between
100 to 400° F. and at a pressure of 200 to 5,000
pounds per square inch in the presence of a co-
balt catalyst. Various techniques such as slurry-
type and fixed bed opérations have been pro-
posed and employed for the catalytic conversion
of olefins, carbon monoxide and hydrogen into
carbonylic products. The relatively rapid dete-
rioration of catalytic activity of the cobalt cata-
lysts in this conversion combined with the fact
that cobalt catalysts are expensive has led to a
search for a simple procedure for regenerating
cobalt catalysts. Our discovery of a simple re-
generating procedure for cobalt catalysts is-a
substantial factor in assuring the commercial
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tivity. The treatment with the oxygen-nitro-
gen mixture can readily be effected in situ if
conversion of olefins, carbon monoxide ana hy-
drogen into carbonylic products is effected by
contact with a fixed bed of copalt cataiysts, If
a slurry technique is employed to convert ole-
fins, carbon monoxide and hydrogen into car-
bonylic products, spent catalyst which has been
filtered from the reactant slurry mass can be re-
generated on the fiiter apparatus or in auxiliary
apparatus. .

‘I'he treatment of spent cobalt catalyst with an
oxygen-nitrogen mixture is eflected at a tem-
perature between 100 and 400° F. and preferanly
at a temperature between 150 and 200° ».; re-
generation has been found to proceed particu-
lariy smoothly at 150° F.,

Atmospheric pressure is - preferred for oxy-
gen-mitrogen regeneration of the spent -cobalt
catalysts, but there does not appear to be any
specificity as to pressure in the regeneration
procedure of the subject invention. Pressures
from atmospheric to 1,500 pounds per square
inch and up can be employed. Pressure corre-
sponding to that employed 1or proauction of car-
bonylic products may also be used.

It is necessary to continue the regenerative

- treatment for at least 4 hours in order to eitect a
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success of processes based on the olefins-CO-Hz

reaction.

The present invention provides a very simple
procedure for regenerating cobalt catalysts. The
contacting of spent cobalt catalysts with a mix-
ture of oxygen and nitrogen at a temperature
between 100 and 400° F. for a period of at least
4 hours restores the catalysts to their initial ac-
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high aegree of reactivation. For best results the
oxygen-nitrogen mixture is contacted with the
spent cobalt catalyst at the prescribed tempera-
ture for a period of between 6 to 24 hours.
Contact times in the upper half of the recom-
mended contact period, appear to effect a
slightly better regeneration than do contact
times in the lower part of the prescribed period.
However, the improvement is not of such a na-
ture to demand longer contact times particu-
larly if speed of regeneration is an essential
factor. .

The regenerating oxygen-nitrogen mixture is
contacted with the spent cobalt catalyst at a
space velocity between about 50 and 500, where-
in space velocity is defined as volumes of regen-
erating mixture per volume of catalyst per hour.
It has been found that space velocities of
approximately 100 to 150 result in excellent re-
activation of fixed bed cobalt catalysts.

The oxygen-nitrogen mixture comprises 1 to
25 per cent oxygen and 75 to 99 per cent nitro-
gen. A mixture comprising 3 per cent oxygen
and 97 per cent nitrogen has been found to be
particularly effective in the regeneration of .co-
balt catalysts. Air or any other convenient
source of an oxygen-nitrogen mixture having
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the composition of 1 to 25 per cent oxygen and
75 to 99 per cent nitrogen restores the catalysts
to a high level of activity. The presence of inert
diluents does not have a harmful effect on the
regeneration as long as the oxygen-nitrogen por-
tion of the regenerating gas has the prescribed
composition. Thus regeneration with air pro-
ceeds smoothly despite the presence of carbon
dioxide and water vapor. In similar fashion the
presence of gasedus aliphatic hydrocarbons such
as methane is tolerated in the regenerating gas.

The novel regeneration treatment of the sub-
ject invention is applicable to all cobalt catalysts
that have been employed:in the catalytic conver-
sion of olefins, carbon monoxide and hydrogen
into carbonylic products. Supported, unsup-
ported, fused, precipitated, promoted and unpro-
moted cobalt catalysts are all regenerated by
the process of this invention to a high level of
activity for the catalytic conversion of olefins,
carbon monoxide and hydrogen.

A preferred catalyst for the production of car-
bonylic products is a precipitated cobalt catalyst
in which metallic cobalt is supported on an ad-
sorptive material such as an uncalcined diato-
maceous earth, silica-stabilized alumina, etc., and
which is promoted with minor quantities of oxides
of metals such as magnesium, thorium, vanadium,
manganese, calcium, etc. The efficacy of the
regeneration procedure of the subject invention
will be demonstrated with a precipitated cobalt

catalyst which has been designated a standard

cobalt catalyst and which has a composition of

approximately 64 per cent uncalcined diatoma—
ceous earth, 32 per cent cobalt, 3 per cent mag-.

nesia and 1 per Ce\nt thoria.

In the accompanying figure, there is shown
graphically the results of the regenerative treat-
ment of the subject invention. The reaction‘of
ethylene, carbon monoxide and hydrogen to give
a product comprising mainly diethylketone is

employed to demonstrate the effectiveness of the.

regenerative treatment of this invention in re-
storing cobalt catalysts to a high level of activity.
In our copending application, Serial No. 773,938,
filed September 13, 1947, now abandoned, there

is disclosed a process for directing the reaction’

between ethylene, carbon monoxide and hydrogen

to produce g reaction product comprising main--

1y diethylketone. In brief, the conditions which

must be maintained in order to convert ethylene,
carbon monoxide and hydrogen into mainly di-:
ethylketone are summarized as follows: ethylene, "

carbon monoxide and hydrogen in a mol ratio of
ethylene to carbon monoxide of at least 1.5 and

a mol ratio of ethylene to hydrogen of at least -

0.67 are contacted with a catalyst comprising a
metal of the iron group, preferably cobalt; the

temperature is maintained below 300° F. and

preferably 150 and 200° F., and the pressure is
maintained above 100 pounds per square inch and
preferably between 100 and 1,500 pounds per

square inch. The liquid product obtained by the '

reaction of ethylene, carbon monoxide and hy-
drogen under the aforedescribed conditions com-
prises better than 60% diethylketone.

The liquid yield in grams per cubic meter of
charge is the best measure of catalyst activity
and is used in the accompanying éraph as a
measure thereoi. Liquid yield in grams per cubic
meter of charge is plotted on the ordinate axis
of the graph against on-stream time in hours
on the abscissa axis.
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The activity of a fresh standard cobalt catalyst -

is represented by Curve A. Ethylene, carbon

5

monoxide and hydrogen in a mol ratio of 2:1:1
were contacted at a space velocity of 100 with
& standard cobalt catalyst at a pressure of 300
pounds per square inch and at a temperature of
150° F. The liquid yield in grams per cubic
meter of charge mixture at various periods of
on-stream time is shown by Curve A. It will be
noticed that the activity of the catalyst falls off
fairly rapidly; 560 grams per cubic meter of
charge are obtained after 6 hours on stream
whereas after 66 hours, the yield has fallen to
approximately 115 grams per cubic meter of
charge.

Curves B and C illustrate the effect of the re-
generative treatment of the subject invention

-on & spent cobalt catalyst. Similar regenerative

treatments were employed for the catalysts whose
activities are shown in Curves B and C with the
exception that the oxygen-nitrogen mixture was
contacted with the B catalyst for 24 hours and
with the C catalyst for only 6 hours. The re-
generative treatment comprised contacting the
spent cobalt catalyst with 3 per cent oxygen, 97
per cent nitrogen mixture at a temperature of
150° F. and atmospheric pressure and at a space
velocity of 100 volumes of O2-N2 mixture per vol-
ume of catalyst per hour.

After regeneration, the catalysts were evaluated
in the diethylketone reaction. The conditions
employed for the evaluation of regenerated cata-
lysts are as follows: ethylene, carbon monoxide
and hydrogen in.a mol ratio of 2:1:1 were con-
tacted with regenerated catalyst at a space ve-
locity of 100, at a temperature of 150° F. and a
pressure of 300 pounds per square inch. The
activity of the catalyst regenerated for 24 hours
is shown by the Curve B, and the activity of the
catalyst regenerated for 6 hours is shown by the
Curve C.

The effectiveness of the regenerative treatment
is clearly demonstrated by these experiments.
The 24-hour regenerated catalyst gave an initial
yield substantially higher than the fresh catalyst
and then levelled off at a somewhat lower level
than the fresh catalyst. The 6-hour regenerated
catalyst did not show quite as high an initial
activity as a fresh catalyst but had approximately
the same catalyst life.

It should be borne in mind that the regenera-
tive treatment of this invention is not limited
to a 3 per cent oxygen, 97 per cent nitrogen mix-
ture. Air or other oxygen-nitrogen mixtures hav-
ing a composition of approximately 1 to 25 per
cent oxygen and 75 to 99 per cent nitrogen can
be used to regenerate spent cobalt catalysts in
accordance with the method of this invention.
Nor is the procedure of the invention restricted
to the regeneration of standard cobalt catalysts
but is applicable to all cobalt catalysts that can
be used to effect conversion of olefins, carbon
monoxide and hydrogen into earbonylic products.

While contacting spent cobalt catalysts with
an oxygen-nitrogen mixture under the prescribed
conditions restores the catalyst to approximately
its initial activity, it is also possible to follow the
oxygen-nitrogen treatment with a reduction
treatment which comprises contacting the
oxygen-nitrogen treated catalyst with hydrogen
for a period of at least 12 hours at a tempera-
ture between 450 and 750° F. The incorporation
of the reduction treatment in the regeneration
procedure slightly enhances the activity and the
catalyst life of the regenerated catalyst. The
improvement in catalyst activity and catalyst life
brought by the reduction treatment is not suffi-



2,626,246

cient to warrant it being classified as a preferred
modification of the invention. If the reduction
treatment is employed, it is advisable to contact
the hydrogen with the oxygen-nitrogen treated
catalyst at a temperature between 600 and 700° F.
for a period between 18 and 24 hours.

Obviously many modifications and variations
of the invention, as hereinbefore set forth, may
be made without departing from the spirit and
scope thereof, and therefore only such limita-
tions should be imposed as are indicated in the
appended claims.

‘We clajim:

1. A process for regenerating cobalt catalysts
which have become spent in the catalytic con-
version of olefins, hydrogen and carbon monoxide
into carbonylic compounds which consists essen-
tially of contacting spent cobelt catalyst with a
mixture of 1 to 25 per cent oxygen and 75 to 99
per cent nitrogen at a temperature between 100
and 400° F. for a period of at least 4 hours.

2. A process according to claim 1 in which

_ the mixture of oxygen and nitrogen has & compo-
sition of about 3 per cent oxygen and 97 per cent
nitrogen.

3. A process according to claim 1 in which air
is employed as the regenerating gas.

4. A process according to claim 1 in which
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ghe temperature is maintained between 150 and
50° F'. .

5. A process according fo claim 1 in which
spent catalyst is contacted with & mixture of
oxygen and nitrogen for a period of 6 to 24 hours.

6. A process according to claim 1 in which the
mixture of oxygen and nitrogen is passed through
spent cobalt catalyst at & space velocity of 50
to 500 volumes of gaseous mixture per volume of
catalyst per hour.

7. A process according to claim 1 in which
oxygen-nitrogen mixture is contacted with spent
cobalt catalyst at atmospheric pressure.

ERNEST A. NARAGON.
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