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‘el

lexclusive property or privilege is claimed are defined as

‘follows:

iwhich have become spent in the catalytic conversion of clefing

00821%

The embodiments of the invention in which an

1. A process for regenerating cobalt catalysts

hydrogen and carbon monoxide into carbohylic compounds which
consists essentially of contacting spent cobalt catalyst with
a mixture of 1 to 25 per cent oxygen and 75 to 99 per cent
nitrogen at a temperature between 100 and LO0°F. for a period
of at least 4 hours.

2. A brocess‘according to Claim i in which the mix-
ture of oxygen and nitrogeﬁ has a composition of about 3 per
ceht oxygén and 97 per cent nitrogen.

-. 3.. A process according to Glaim 1 in which air is
employed as the regenefating gas.

4. A process according to Claim 1 in which the tem-
perature is maintained between 150 and 250°F,

X ~5.. ‘A process accordipg to Claim 1 in which spent
cafalyst is contacted with a 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 ig passed through spent cobalt
catalyst at a 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 cobélt catalyst at

atmospheric pressure.

i X LR T T oA

>



R i e e 0 AL i A AR i+ a8

SR SPU SR S

10

15

20

30

S 008217

“2a
This inventicn relates to 2 novel methed for re-
genersting covalt cavalysts 0 &2s tou res.ore them to a high
level ol activity for the cavalytic conversion ot oletins,
Carson monoxide and aydrozen into carvenyliec proaucts.

In accordance with this invention, cotalt cato-

lysts which have been used for the catalytic conversion of
carbon monoxide, hydrogen and clefins into cerponylic pro-
ducts and whose cataslytic activity is at a low level, sre
regenerated to a2 high degree ot setivity by contact with an
oxygen-nitrogen mixture ot a temperature between 100 and 400° x|
for a period of at least 4 héurs. The oxygen-nitrogen mix-
ture employed for the resensration ot a copalt catalyst has

a composition ot 1 to 25 per cent oxy:zen and 75 to 99 per

cent nitrogen. Air serves well as & regenersting :as.

After treatment with an oxygzen-nitrozen mixture in
the 2foredescrived manrer, the copalt catalyst can be used
directly for the catzlytic conversion ot carwon monoxide,
hydrogen and oletins intc carponylic products. Covalt cata-
lysts regenerated in this fashion possess a high level of
activity for the conversion ot caroon monoxide, hydrogen and
oletins into liquid carbonylic products.

Covalt catzlysts have veen found to be mosf eftec-
tive for the conversion of olefins, carbon monoxide a¥d
hydrogen into curbonylic products. The conversion of ole-
iins carbon monoxide and hydrogen into carbonylic products is
ordinarily eftected at a temperature between 100 to LOO°K,
and @t a pressure of 200 to 5,000 pounds per square inch in
the presence of a copalt catalyst. Various techniques.such
as.slurry—type and fixed bed operations haye been proposed

and employed tor the catelytic conversion of cletids, carvon,
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monoxide and hydrogen intec carconyiic produects. The

relatively rupid detericration of catalytie activity of the

i PR .
'}cobalt catalysts in this conversion combined with the fact

?ﬁtnat cobalt cutelysis are expensive has led to a search for

a simple procedure for regenefating copalt catalysts. Our
discovery of a simple regenerating procedure for cobalt cata-
lysts is & suipstantial factor in assuring the commercial
success of processes .ased on the oletins-CO-H, reaction.

The present invention provides a very simple pro-
cedure fur regenerating copalt catalysts. The conticting of
spent cobalt catalysts with a mixture of oxygen and nitrogen
at a temperature between 1L0 ond L0C°F. for a period of at
least L hours restores the catalysts to tiheir initial activ-
ity. The treatment with the oxygen-nitrogen mixture can
readily be eftfected in situ if conversion of olefins, carbon
monoxlde and hydrogen into carbonylie products is effected
by contact with a fixed ved of cobalt catalysts. It a
slurry technique is employed to convert oletfins, carben
monoxide and hydrogen into carbonylic products, spent cata-
lyst which has been filtered from the reactant slurry mass
can be regenerated on the filter apparatus or in suxiliary
apparatus.

The troatment of spent cebalt catalyst with an
oxygen-nitrogen mixture is eflected at a temperature betweon
100 and L400°¥. and preferably at artemperature between 150
and 200°F.;'regeneration hzs been found to proceed particu-
larly sﬁoothly at 1509p.

Atmospherié pressure is preferred for oxygen-
nitrogen regeneration of the spent cobglp catalysts, but

there does not zppear to be anylspecificity as to pressure
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4in tne regeneration zrocedare . the supject invention. Pres-

isures irom atmospheric to 1,500 pounds per square inch and up

prod.ction of carvonylic products may zlso be used.
It is necessary to continue the regenerative
treatment for st least L hours in order to effect a high de=-

gree of rezctivation. For best results the oxygen-nitrogen

scribed temperature for a period of between 6 to 24 hours.
Contact times in the wupper half of the recomuended contact
period, appear to effect a slightly better regeneration than

do contact times in the lowar part of the wrescribed period.

However, the improvement is not of such & nature to demsnd
tonger contact times particularly if speed of regeneration is
an essential factor. !

The regenerating oxygen-nitrogen mixture is con-
tacted with the spent covalt catalyst at a space velocity
between about 50 and 500, wherein space velocity is defined
as volumes of regenerating mixture per volume of catalyst per
hour. It has teen found that space velocities of approxi-
mately 100 to 150 result in excellent reactivation of Ffixed
bed cobalt cutilysts.

The cxygen-nitrogen mixture comprises 1 to 25 per
cent oxygen and 75 to 99 per cent nitrogen. A mixture com-
prising 3 per cent oxygen and 97 per cent nitrogen has been
found to be particularly etrective in"the regeneration of
copalt catalysts. Air or any other convenient source of an
oXygen-nitrogen mixture having the composition of 1 to 25

Ler cent oxygen and 75 to 99 per cent nitrosen restores the

catalysts to & high level of activity. The presence of

¢.n be employed. Pressure corresponding te that employed for

i

mixture is contacted with the spent cobalt catalyst at the pret
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;inert diluents does not have a harmtul effect on the regenera-
ﬁtion as long as the oxygen-nitrogen portion ot the regenerst-
Hing gas has the prescribed compesition., Thus regenerstion
A

%with zir proceeds smecthly despite the presence of carbon
d

5jdioxice and water vapors. In sismilar rashion the presence of

guseous allphstic hydiocarions such as methane is tolerated
in the regenerating SES.
The novel regeneration treatment of the subject

invention is cpplicable to all cobalt catalysts that have

1Cliveen employed in the catalyric conversion of olcins, carbon

20

25

monoxide and hydrogen into carconylic Frocucts. Supported,
unsupported, fused, precipitated, promoted and unpromoted
cobalt catalysts are all regenerated by the process of this
invention to a high level of activity ior the catalytic con-
version of olefins, carbon monoxice and hydrozen.

A preferred catalyst for the production of car-
ponylic products is a precipitated cobalt catalyst in”ﬁhich
metallic cotalt is supported on an adsorptive material such
Ls an uncalcined diatomaceous earth, silica-stabilized
alumina, etce, and which is promoted with minor quantities of
bxides of metals such us magnesium, thoriwm, vanadium, man-
panese, calecium etc. The erricacy of the regeneration
procedure oi the supject invention will be cemonstrazted with

p precipitated cobalt catalyst which has been designated a

standard coralt catelyst and which hss a composition of
Approximately 64 per cent uncalcined diatomaceous earth, 32
per cent cobalt, 3 per cent magnesia and 1 per cent thoris.

In the accompanying figure, there is shown graphi-
Z:ally the results of the regenerative treatment of the sub-

ject invention. The reaction of ethylene, carbon monoxide

i

‘
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iand hydrogen to give a product comprising mainly diethyl-

ketone is employed to demonstrate the effectiveness of the

regenerative treatment of this invention in restoring cobalt

catalysts %o a high level of activity. In our application,
5 I8erial No. 577,275, filed July 15, 1948, which issued March 16|,
v 1954, as Patent No. 500,802, there is disclosed a process for
directing the reactlion between ethylene, carboh monoxide and

hydrogen to produce a reaction product comprising mainly di-

jethylketone. In brief, the conditions which must be maintained
10 1in order to convert ethylene, carbon monoxide and hydrogen
into mainly diethylketone are summarized as follows: ethylenel,

carbon monoxide and hydrogen in a mol ratic of ethylene to

b 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

¥ 15 i comprising a metal of the iron group, preferably cobalt; the
temperature 18 maintained below 300°F. and preferably between

i 150 and 200°F., and the pressure is maintained above 100 pound

]

¥ per square inch and preferably between 100 and 1,500 pounds pefr
} square inch. The liquid product obtained by the reaction of -
é 20 |l ethylene, cafbon monoxide and hydrogen under the aforedescribed -
conditions comprises better than 60 per cent diethylketone.
The liquid yield in grams per cubic meter of charge
is the best measure of catalyst activity and is used in the
accompanying graph as a measure thereof. Liguid yield in
25 [grams per cubic meter of charge is plotted on the ordinate

axis of the graph against on-stream time in hours on the

E T

abscissa axis,

e

The activity of a fresh standard cobalt catalyst

is represented by Curve 4. Ethylene, carbon monoxide and

30 | hydrogen in a mol ratio of 2:1:1 were contacted at a space
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jvelocity of 100 with a stendard cobzlt catzlyst at a pressure

éof 300 pounds per stwre lacnh ansg &t o tasmperature of 150°F,
;The liquid yield in grums per cutlc meter of cierge mixture i
st various periods of on-stream time is shown oy Curve A. It |
51ill be noticed that the sctivity of the catalyst falls oft
fairly rapidgly; 560 grams per cucic meter of cherge are ob-
tained ufter 6 hiours on stream vherezs atfter 66 hours, the
yieid hes fallen to approximetely 115 grems cer cubic meter

ol churge.

E 10 Curves B and C illustrate the eftect of the regen-
erative trestment of the subject invention on & spent cotalt
cataelyst. Similar psgenerative treatments were employed for
the catalysts whose sctivities are shown in Curves B and C
with the exception thast the oxygen-nitro en mixture was con-
E 15||tacted with the B catalyst for 24 hours and with the C cata-
.;; lyst for only & hours. The regenerative trestment comprised

‘ contacting the spent cobalt cutalyst with 3 per cent oxygen,
97 per cent nitrogen mixture 4t & temperature of 150°F. and

%ﬁ atmospheric pressure and at a space velocity of 100 volumes
20fjof Op~Np mixture per volume of catalyst per hour.

After regenerztion, the catalysts were evaluated ih

the diethylketone reaction. The conditions employed for the

evaluation of regenerated catalysts are as follows: ethylene,

e

I A

carbon monoxide .nd hydrogen in a mol r. tio of 2:1:1 were
25contacted with regenerated catalyst at a space velccity of
100, at a temperature of 150°F. and & pressure of 300 pounds
per square inch. Tre sctivity of the catalyst regenerated
for 24 tours is shown by the Curve B, and the activity of

the catalyst regenerated for & hours is shown bty the Curve C.

A
4
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The eftectiveness of the regenerative treatment id

EJ‘clearly demonstrated by these experiments. 7The 24-hour

" resenerated catalyst gave an initial yield sut:stantially
higher than the i resh cutalyst and then levelled off at &

scmewhat lower ievel than the fresh catazlyst. The b-hour

AWl

regenerated catalyst did not show quite as high an initial
activity as a fresh catalyst btut had aporoXimately the same
? catalyst life.

It should be vtorne in mind that the regenerative
1lO0ptreatment of this invention is not limited to a 3 per cent
oXygen, 97 per cent nitrogen mixture. Air or other oXygen-
ﬁ' nitrogen mixtures huving a composition of approximately 1 to

25 per cent oxygen and 75 to 99 per cent nitrogen can be used

Lo r egenerate 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 carbonylic products.

20 While contacting spent cobalt catalysts with an
;I 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

25 |oxygen~-nitrogen treated catalyst with hydrogen for a period

I
B

of at least 12 hours at a temperature between 450 and 750°%.

The incorporation of the reduction trestment in the regensera-

La

tion procedure siightly enhances the zctivity and the cata-

L

i Lyt life of the regenerated cataiyst. The improvement in

30 llcatalyst activity and catalyst life brought py the reduction
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treatment is not sufficlent to warrant it being classified as
a preferred moditicution of the invention. It the red.ction
treatment is employed, it 1s advissble to cuntact the hydro-
gen with the oxygen-nitrogen treated ecatalyst at a temperatur
vetween 600 and 700°F¥. for = period between 18 and 24 hours.

Opviously many modificstions and variations of the
tnvention, as hereinvefore set forth, may be made without
departing from the spirit znd scope thereot, and therefore
only such limita icns should be impesed as cre indicated in

the . ppended c.aius.
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