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This invention relates %o a novel method for re-

generating cobalt catalysts so as to restore them to a high

level of activity for the catalytic conversion of carbon
monoxide, hydrogen and olefins into carbonylic products.

In accordance with this invention, cobalt cata-
lysts, which have been used in the catalytic conversion of
carbon mohoxide, hydrogen and olefins intec carbonylic Pro=-
ducts and whose catalytic activity is at a low level, are
regenerated to a high degree of catalytic activity by con-
tact with steam at a temperature between 600 and lOOOoF.
for a period of at leéast 4 hours. Although steam treatment
alone under the aforedescribed conditions restores spent
cobalt catalysts to a high level of activity in the pre-
paration 6f carbonylic products from olefins, carbon monoxide
and hydrogen, it is advantageous to follow the steam treat-
ment with a reduction treatment in order to obtain a higher
degree of reactivation of the cobalt catalysts. The recom-
mended reduction treatment comprises contacting the steam-
treated cobalt catal}sts with hydrogen at a temperature of
approximately 450 to 750°F. for a period of at least 12
hours.
- CObait catalysts have been found to be mést'effec~
tive for the conversion of olefins, carbon monoxide and
‘hydrogen into carbonylic products. The production of
carbonylic products from olefins, carbon monoxide and
hydrogen is ordinarily effected at a temperature between
1900 and AOO?F. at a pressure of 200 to 5,000 pounds per
square inch in the presence of a cobalt catalyst. Various
techniques as exemplified by slurry type and fixed bed
operations have been proposed and employed for the production

of carbonylic products by the aforedescribed conversion,
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!The relatively rapid detericrstion of the catalytic activity

of cobalt catalysts in this conversion combilned with the
fact that cobalt catalysts are expensive, has led to a

search for a simple procedure for regenerating cobalt

5l catzlysts. Our discovery of @ simple regenerating procedure

for cobalt catelysts is a substantial factor in ensuring
the commercial success of processes based on the olefin-
CO-H, reaction.

The present invention provides a simple procedure
for regenerating cobalt catalysts for reuse in the produc-
tion of carbonylic products. The contacting of a spent
cobalt catalyst with steam at a temperature between 600
and l,OOOOF. for a period of at least 4 hours restores them
to approximately their initial activity. Subjecting regen-
erated steam~treated catalysts to a reduction treatment for
a period of at least 12 hours imprbves the catalytic
activity of cobalt catalysts to such an extent that regen-
erated catalysts are superior to fresh cobalt catalysts
both in initial activity and in catalyst life.

The steam treatment can readily be carried out in

gitu if production of carbonylic products is effected by

contact of olefins, carbon monoxide and hydrogen with a
fixed bed of cobalt cétalysts. The recommended rqduction
treatment may also be effected in situ. If a slurry
technique is employed to convert olefins, carbon monoxide
and hydrogen into carbonylic products, spent catalyst is
ordinarily filtered from the reaction slurry; the precipi-
tate which is recoveréd on the filter apparatus can be
contacted with steam and reduced in auxiliary equipment.
The steam treatment of spent cobalt catalysts is
effected at a temperature between 600 and 1,000°F. and

preferably at a temperature between 800 and QOODF. It has
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been found that the steam treatment proceeds smoothly at a
temperature of approximately SOOOF. and this temperature is
employed in the regeneration of the catalysts whose acti-
vities are shown in the accompanying figure. _

The recommended reduction treatment is effected
at a temperature between 450 and 7500F. and preferably at
a temperature between 600 and ?OOOF. A temperature of
approximately 6600F. has been fcund to be particularly
effective f or contacting the steam-treated cobelt catalyst
with hydrogen.

The regeneration treatment of the subjeet invention
does not appear to have specific pressure 1imitati§ns. Pres~
sures between atmospheric and 1,500 pounds per square inch
and up can be employed for both steam and hydrogen treat-
ments. However, atmospheric pressure is preferred for both
steam contacting and.reduction. 7

It is necessary in order to effect & high degree
of regeneration that the steam treatment be continued for
at least 4 hours. For best results, thé steam treatment
is continued for a period of about 6 to 24 hours.

| The recommended reduction treatment, comprising
hydrogen treatment at a temperature between 450 and 750°F.,
is continued for a period of at least 12 hours with périods
of 18 to 24 hours being preferred.

Steam is contacted with the spent cobalt catalyst
at a space velocity between 50 and 500 wherein space velo-
city is defined as volumes of steam per volume of catalyst
per hour , Space velocities of approximately 100 to 150 have
been found to give excellent regeneration with a fixed bed
of a supported standard cobalt catalyst whose composition

will be described hereafter.
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Space velocities between 50 and 500 are also pres-
crived for the recommended reduction treatment., In this
instance, space velocity denotes volumes of hydrogen per
volume of catalyst per hour.

The novel regeneration treatment of the subject
invention is applicable to all cobvalt catalysts that have
been employed in the catalytic conversion of olefins, car-
bon monoxide and hydrogen into carbonylic products.
Supported, unsupported, fused, precipitated, promoted and
unpromoted cobalt catalysts are all regenerated by the
process of this invention to a high level of activity in
the production of carbonylie products. A preferred catalyst
for the production of catalytic products is a precipitated
cobalt catalyst in which catalytic cobalt is supported on
an adsorptive material such as uncalcined diatomaceous earth,
silica-stabilized alumina, etc., and which is promoted with
minor quantities of oxides of materials such as magnesium,
thorium, vanadium, manganese, calcium, etc. The efficacy
of the regeneration procedures of the present invention
will be demonstrated with a precipitated cobalt catalyst
which has been designated a standard cobalt catalyst and
which has a compesition of approximately 64% uncalcined
diatomaceous earth, 32% cobalt, 3% magnesia and 1% thoria.

In the accompanying figure there is shown graphi-
cally the results of the regenerative treatment of the sub-
ject dinvention. The preferred regenerative treatment,
comprising steam treatment followed by reduction, was
employed in the experiments shown in the accompanying figure.
The reaction of ethylene, carbon monoxide and hydrogen to
give a2 liquid product comprising mainly diethylketone is

employed to demonstrate the effectiveness of the regenerative
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treatment of this invention in restoring cobalt catalysts
to a high level of catalytiec activity. In our copending
application, Serial No. 577,275, filed July 15, 1948, there
is disclosed a process for directing the reaction between
ethylene and a mixture of carbon monoxide and hydrogen to
form predominantly diethylketone. In brief, the conditions
which must be observed in order to produce mainly diethyl-
ketone by the reaction of ethylene with carbon monoxlde and
hydrogen are summarized as follows: ethylene, carbon monox-
ide and hydrogen in a mol ratio of ethylene to carbon monox-
ide of at least 1.5 and a ﬁol 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 between 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 rsaction of
ethylens, carbon monoxide and hydrogen under the aforedescrib
conditions comprises better than 60 weight per cent diethyl-
ketone. |

The liquid yleld in grams per cublc meter of charge

is the best measure of catalytic activity and is employed in

panying figure, liquid yield in grams per cubic meter of
charge is plotted on the ordinate axis against on-stream time
in hours on the abscissa axis.

The activity of a fresh standard cobalt catalyst
is represented by Curve A. Ethylene, carbon menoxide and
hydrogen at a mol ratios of 2:1:1 were passed at a space
velocity of 100 into contact with a fixed bed of standard

cobalt catalyst comprising 64% uncalcined diatomaceous

j1
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earth, 32% cobalt, 3% magnesia znd 1% thoria, at a pressure
of 300 pounds per souare inch and at & temperature of 1500F.
The liquid yield in grems per cubic meter of charge mixture
at various periods of on~stream time is represented by

Curve 4. It will be noticed that the catalytic activity of
the fresh cobalt catalyst falls off feirly rapidly. After

6 hours of operation a liquid yield of approximately 560
grams per cubic meter is obtained, whereas after 66 hours the
vield has fallen to approximately 115 grams per cubic meter
of charge.

Curves B and C illustrate the effeet achieved by
contacting a spent cobalt catalyst with steam and then with
hydrogen in accordance with the method of this invention.

The regenerative treatment comprised contacting the spent
cobalt catalyst with steam for 6 hours at an atmospheric
pressure of g00°F. and at 2 space velocity of 160 and there-
after contacting the steam~treated catalyst with hydrogen
for a period of 18 hours at 6600F. and atmospheric pressure
at a space velocity of 100.

After the spent cobalt catalyst was regenerated
in accordance with the aforedescribed treatment, it was reused
in the catalytic conversion of ethylene, carbon menoxide and
hydrogen into diethylketone. The results obtained:after one
regeneration treatment are graphically represented by Curve
B. The conditions empleyed for the conversion with the
once-regenerated catalyst are as follows: ethylene, carbon
monoxide and hydrogen in a mel ratio of 2:1:1 were intro-
duced at a space velocity of 100 into & reaction zone con-
talnlng a fixed bed of once- regenerated cobalt catalyst;
the reaction zone was maintained at a temperature of 200 F.

and 1,100 pounds per square inch. It can readily be seen
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 life since it maintains a higher degree of conversion for

treatment of this invention.

panying figure conclusively establish the efficiency of this

‘l A LT c-. -
5io5ay
e :
that the regenerative treatment of the subject invention
substentiolly enhances the activity of the catalyst. The
catalyst is restored to an initial activity approximating

that of the fresh catalyst and has an improved catalyst

a ionger period of time. It is true that the regenerated
catalyst is evaluated at 1,100 pounds per square inch rather
than at 300 pcounds per square inch employed for the evalua-
tion of the fresh catalyst. The higher pressure slightly
enhances the catalyst conversion but not to the extent of

the improvement realized by the preferred regenerative

The once~regenerated catalyst after 140 hours on
stream was then subjected to a similar regenerative procedure
and restored the catalyst to a level of activity illustrated
by Curve C. The conditions employed in the evaluation of
the twicesregenerated catalyst were the same as those used
for the evaluation of the once-regenerated catalyst. Curve
C proves that a catalyst, after béing twice subjected to
the preferred regenerative treatment of this invention, is
superior to a fresh catalyst; the preferred regenerative
treatment restores the spent catalyst to initial activity
approximately equivalent to thaﬁ‘of a fresh catalyst and
also bestows on it a catalyst life superior to that of a
fresh catalyst.

The experiments graphically shown in the accom-~

invention for regenerating cobalt catalysts which have be-
come spent in the conversion of olefins, carbon monoxide

and hydrogen into carbonylic products.
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It must also be borne in mind that a regenerative
treatment comprising merely contacting spent catalyst with
steam at a temperature of between 600 and 1,OOOOF° also
restores catalysts to a high level of activity. The regen-
erative treatment consisting enly of steam contacting at a
temperature of 600 to l,OOOOF. produces a catalyst whose
activity is approximately that of a fresh catalyst. Spent
catalyst is restored by steam treatment alone to an activity
curve approximating that shown by fresh cobalt catalysts.

Obviously, many modifications and variations of
the invention, as hereinbefore set forth, may be made with-
out departing from the spirit and scope thereof, and there-
fore only such limitations should be imposed as are indica-

ted in the appended claims.
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The embodiments of the invention in which an ex-~

clusive property or privilege is claimed are defined as
follows:~ |

1. A process for regenerating cobalt catalysts
which have become spent in the catalytic conversion of ole-
fins, carbon monoxide and hydrogen into carbonylic products,

which comprises contacting a spent cobalt catalyst with

steam at a temperature between 600 and 1000°F. for a period

of at least 4 hours.

ﬁ} 2. A process according to Claim 1 in which steam
is contacted with spent cobalt catalyst at a temperature

between 800 and 90GPF,

3. A process according to Claim 1 in which a

spent catalyst is contacted with steam for a period between

S A 0 A At TR et
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6 and 2l hours,

Pk T
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¥ Iy A process according to Claim 1 in which steam

SRR

is contacted with spent catalyst at a space velocity between

50 and 500.

k?i  .1 ) 5. A process according to Claim 1 in which the
" {"cobalt catalyst comprises about 64% uncalcined diatomaceous

‘earth, 324 cobalt, 3% magnesia and 1% thoria.

ﬁg~6. A process according to Claim 1 in which steam

is cbnpactgd with spent catalyst at atmospheric pressure.
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