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Cobalt catalyst

Abstract

Cobalt catalysts whose catalytically active composition com-
prises from 55 to 98 % by weight of cobalt, from 0.2 to 15 % by
weight of phosphorus, from 0.2 to 15 % by weight of manganese
and from 0.05 to 5 % by weight of alkali metal, calculated as
oxilde, are prepared by calcining the catalyst composition,
reducing it at final temperatures of from 200 to 400 C in a
stream of hydrogen and subsequently surface-oxidizing i1t by
treatment 1n a stream of air at final temperatures of from 20
to 60 C and can be used in a process for hydrogenating organic

nitriles and/or imines.
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COBALT CATALYSTS FOR THE HYDROGENATION
OF NITRILES AND/OR IMINES

The present invention relates to novel cobalt catalysts whose
catalyvtically active' composition comprises cobalt, phosphorus,
manganese and alkali metal and which are, after calcination,
reduced in a stream of hydrogen at final temperatures of from
200 to 400°C and are subsequently surface-oxidized by treatment

in a stream of air at final temperatures of from 20 to 60°C.

10 EP-A-445 589 discloses hydrogenation catalysts whose cata-
lytically active composition comprises from 20 to 95 % by
weight of cobalt oxide, from 0.5 to 60 % by weight oOf oxides ot
the metals manganese, nickel, iron, chromium, molybdenum,
tungsten or phosphorus and from 0.5 to 20 % by weight of oxides
of the alkali metal or alkaline earth metal group, the rare

earth group scandium or yttrium.

DE-A-34 03 377 discloses shaped catalyst compositions com-
prising metallic cobalt and/or nickel and containing less than
0.1 % by weight of alkali metal and/or alkaline earth metal
oxides, and which have been prepared by reduction at less than
20 or equal to 500 C. The shaped catalyst compositions have a com-

pressive hardness of more than 300 kp/cm-.

However, the above catalysts have the disadvantage that they

are not sufficiently base-stable to ensure a long life 1n a ba-

si1c medium.

DE-A 43 25 847 describes cobalt-containing, base-stable cata-
lysts whose catalytically active composition comprises from 55
to 98 % by weight of cobalt, from 0.2 to 15 % by weilght ot

phosphorus, from 0.2 to 15 % by weight of manganese and from

0.2 to 15 % by weight of alkali metal and which are prepared by
#U two calcination steps at final temperatures of from 550 to

750°C and from 800 to 1000°C. These cobalt catalysts have a

cutting hardness of greater than or equal to 10 N after carry-

ing out an autoclave test for determining the base stability
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and, on the basis of experience, have a life of > 3000 hours,

but at most 5000 hours, for reactions in basic media.

However, catalyst lives of > 5000 hours are necessary for eco-

nomically carrying out reactions in basic media, eg. the hydro-

genation of organic nitriles and/or i1mines.

It is an object of the present invention to find a solution to
the abovementioned disadvantages, 1n particular to develop
cobalt-containing catalysts which have a base stability suffi-

ciently high for lives of > 5000 hours to be achieved for reac-

tions in basic media.

We have found that this object is achieved by a cobalt catalyst whose
catalytically active composition comprises from 55 to 98% by weight of cobalt,
from 0.2 to 15% by weight of phosphorus, from 0.2 to 15 % by weight of
manganese and from 0.05 to 5 % by weight of alkali metal, calculated as oxide,

wherein said catalyst is obtained by calcination of a powdering mixture of its
active components in the form of their salts at a temperature of from 500° to
1000°C,;

wherein said catalyst is reduced in a stream of hydrogen at a final temperature
of from 200 to 400°C and is subsequently surface-oxidized by treatment in a

stream of air at final temperatures of from 20 to 60°C; and

wherein said catalyst has a specific surface area greater than or equal to 12

m2/g, a porosity greater than or equal to 0.16 cm3/g, and a cutting hardness
greater than or equal to 30 N after carrying out an autoclave test for determining

the base stability.

The invention is also directed to a process for hydrogenating nitriles and/or

imines, using the above mentioned cobalt catalyst.

The catalytically active composition of the cobalt catalysts of

the invention comprises from 55 to 98 % by weight of cobalt,

preferably from 75 to 95 % by weight of cobalt, particularly
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preferably from 85 to 95 % by weight of cobalt, from 0.2 to 15
¥ by weight of phosphorus, preferably from 0.5 to 10 % by
welight of phosphorus, particularly preferably from 1 to 6 % by
weilight of phosphorus, from 0.2 to 15 % by weight of manganese,
preferably from 2 to 10 % by weight of manganese, particularly
prefterably from 3 to 8 % by weight of manganese, and from 0.05
to 5 % by weight of alkali metal, preferably from 0.1 to 3 % by
weight of alkali metal, particularly preferably from 0.13 to 1

¥ by weight of alkali metal, calculated as oxide.
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Suitable alkali metals are preferably, lithium, sodium,
potassium and/or cesium, particularly preferably sodium and/or
potassium.

The cobalt catalysts of the 1nvention can be prepared as fol-

lows:

From a solution of a cobalt salt, preferably an inorganic
cobalt salt, and, if desired, the desired promoters manganese,

10 phosphorus and/or alkali metals 1in the form of theilir water-
soluble salts (normally pH < 7), a mixture of the main con-
stituents of the catalyst can be precipitated in the form of
the carbonates, hydroxides or oxides by addition of an alkaline
solution. The alkaline solution can be prepared by dissolving,
for example, alkali metal carbonate or hydroxides, ammonia,
ammonium carbonate or ammonium hydrogen carbonate or similar
basic salts in water. The concentrations of both the metal salt
and the precipitant solution should be set so that the
resulting precipitation slurry can still be stirred. If the

20 promoters are not coprecipitated in this step, they can be
introduced in one of the process stages described further
below. The addition of the basic solution is continued until
complete precipitation is achieved. The product of the preci-
pitation can, if required, be stirred further, filtered off

using conventional technical means and washed free of undesired

water-soluble foreign i1ons.

The filtrate cake thus formed can be dried at from 50 to 200°C
and the material thus obtained can be milled. As an alter-

30 native, it is possible to slurry up the filter cake and sub-
sequently spray dry the slurry in a spray drier at from 100 to
600°C to give a spray-dried powder. If spray drying is chosen,
the promoters manganese, phosphorus and/cor alkali metals can
also be added to the catalyst in the form of their salts in

thilis process step.

40
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The powders thus produced can be calcined, and the calcined
powders can be shaped in various ways to give shaped bodies.
Thus, it 1is possible to pelletize or extrude the powders or to
compact them by means of an extruder to give extrudates of
particular shape and size. In all cases, forming aids such as

graphite or stearic acid can be mixed into the powder.

The calcination is carried out in one step at final tempera-
tures of from 500 to 1000°C, preferably 800 to 1000°C, particu-
larly preferably from 850 to 950 C.

For the reduction, the calcined catalysts are flushed with
nitrogen at room temperature and a pressure of from 2 to 10
bar, preferably from 4 to 8 bar, is set under a nitrogen

atmosphere.

Subsequently, generally from 2 to 30 % of the nitrogen stream,
preferably from 5 to 15 %, is replaced by hydrogen and the

temperature is increased, generally over a period of from 2 to

24 hours, preferably from &% to 15 hours, from room temperature
to from 80 to 200°C, preferably from 120 to 160°C. Then, in
general, a further part of the nitrogen stream 15 replaced by
hydrogen so that a tctal hydrogen content of from 30 to 70 %,
preferably from 40 tc 60 %, is achieved. Subsequently, the
temperature is generally increased over a period of from 2 toO
24 hours, preferably from &% to 15 hours, to from 200 to 400°C,
preferably from 250 to 350°C. This final temperature 1is gene-
rally maintained until no water of reduction can be detected 1in
the gas stream leaving the catalyst. The hyvdrogen component in
the gas stream is then generally again replaced by nitrogen and
the reduced catalyst 1s allowed to cool to room temperature in

the nitrogen stream.

For the surface oxidation of the reduced catalyst, alr 1s grad-
ually metered into the nitrogen stream sc¢ slowly that the tem-
perature in the catalyst bed does not exceed 60°C, ie. from 20
to 60°C, preferably from 20 to 50°C, particularly preferably

from 20 to 40°C. The replacement of nitrogen by air is con-
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tinued until the gas stream flowing through the catalyst con-

sists of 100 % air.

This gives cobalt catalysts having a specific surface area of

greater than or equal to 12 m¢/g, ie. from 12 to 500 m</g, pre-
ferably from 15 to 200 m</g, particularly preferably from 18 to
100 m?/g, and a porosity of greater than or egqual to 0.16 cm?/g,
ie. from 0.16 to 1.00 cm'/g, preferably from 0.18 to 0.80 cmi/g,

particularly preferably from 0.20 to (.40 cm'/g.

As regards shape, 1t 1s possible to produce all geometric bo-

dies which can be used to charge fixed-bed reactors.

Both unsupported and supported catalysts are suitable for
hyvdrogenation. This also applies to the reaction of nitriles

and imines with hydrogen to give the c¢orresponding amines.

The catalysts of the invention are suitable as hydrogenation
catalysts, particularly for reactions of nitriles and/or imines
with hydrogen to give primary amines at from 60 to 150 C and

pressures of from 50 to 300 bar.

As a criterion for the chemical long-term stability (eg. the
base stability), a test has been developed which allows a pre-
diction about the operating life of a caralyst under reaction

conditions to be made after cnly a short time.

This short test, referred to as autoclave test, can be carried

out as follows:

A catalyst reduced with hydrogen above 200°C and an agueous
base such as NaOH or KOH can be placed in an autoclave under an
inert gas atmosphere and maintained at about 160 C under an
autogenous pressure of trom about 5 bar for 12 hours. After
cooling, decanting off the ligquid and washing the catalyst with
water, the hardness can be determined under an inert gas atmo-

sphere, eg. under nitrogen.

it e @ ireer et Hoetoregdat et Lt et



10

20

30

40

CA 02175271 1996-05-14

6 0.Z. 0050/45864

A catalyst having a cutting hardness of greater than or egual
to 30 N, 1e. from 30 to 1000 N, preferably from 35 to 200 N,
particularly preferably from 40 to 100 N, possesses, on the
basis of experience, sufficient long-term stability in

reactions 1n basic media (operating life > 5000 hours).

Examples

Autoclave test

A 250 ml autoclave fitted with Teflon 1nsert was charged under
nitrogen with 10 ml of catalyst 1in reduced form and 100 ml of a
2.5 % strength by weight acueous NaCH solution. The reduction
of the catalyst had previously been carried out 1n a continuous
apparatus with H- at 360°C over a period of 5 hours. The closed

autoclave was heated to 160 C, resulting in an autogenous

pressure of about 5 bar. The temperature was malntained at

160°C for 12 hours and, after cocling, the ligquid was decanted
off, the catalyst was washed with water and the hardness was

subsequently determined under N-:.

Catalyst preparation

The specified percentages by weilght are hased on the respective
oxides in the i1gnited catalyst, the phosphorus content 1s given
as HiPOy.

Catalyst A

Cobalt nitrate, manganese nitrate and phosphoric acid are dis-
solved in water to give a solution containing 10 % by weilght of
cobalt, 0.55 % by weight of manganese and 0.45 % by weight of
HiPO4. Precipitation was carried out at a temperature of 50 C by
addition of a 20 % strength sodium carbonate solution. The pre-
cipitate formed was washed until sodium or nitrate could no
longer be detected 1in the washing water. The solid thus ob-
tained was slurried with water and spray dried in a spray drier

(inlet temperature = 550 C). The spray-dried material was dried
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at 500°C, ground and mixed and shaped in an extruder to give
extrudates having a diameter of 4 mm. The extrudates were dried
at from 100 to 120°C and calcined for 1 hour at 900°C.

For the reduction, the calcined catalyst was flushed at room
temperature with nitrogen and a pressure of 6 bar was set under
a nitrogen atmosphere. 10 % of the nitrogen stream was then re-
placed by hyvdrogen and the temperature was 1ncreased from room
temperature to 140 C over a period of 10 hours. A further 38 %
of the nitrogen stream was then replaced by hydrogen so that a
total hydrogen content of 48 % was achieved. The temperature
was subsequently increased over a perzod of 10 hours from 140 C
to 300°C. This final temperature was maintained until water of
reduction could no longer be detected in the gas stream leaving
the catalyst. Subsequently, the hvdrogen component of the gas
stream was again replaced by nitrogen and the reduced catalyst

was cooled to room temperature in the stream of nitrogen.

For the surface oxidation of the reduced catalyst, ailir was
gradually metered into the nitrogen stream soO slowly that the
temperature in the catalyst bed did not exceed 50°C. The re-
placement of nitrogen by air was continued until the gas stream

flowing through the catalyst consisted of 100 % air.

The catalyst thus prepared contained 90.0 % by weight of co-
balt, 5.4 % by weight of manganese, 2.8 % of phosphorus and
0.16 % of sodium and had a specific surface area of 21.3 m</g

and a porosity of 0.22 cm</g.

Catalyst B (comparative catalyst)

This was prepared using a method similar to that for catalyst
A, but after calcination the catalyst was not reduced in the

stream of hydrogen and surface-oxidized in the stream of air.
The catalyst thus prepared contained 90 % by weight of cobalt,
5.2 % by weight of manganese, 3 % of phosphorus and 0.22 % of
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sodium and had a spec:ific surface area of 3.1 m?¢/g and a

porosity of 0.13 cm'/g.
Catalyst C (comparative catalyst)

Thlis was prepared using a method similar to that for catalyst
A, but the catalyst was calcined for 1 hour at 650 C and for
3 hours at 850 C and then not reduced in the stream of hydrogen

and surface-oxidized by treatment 1n the stream of air.

The catalyst thus prepared contained 90.4 % by weight of
cobalt, 5.1 % by weight of manganese, 3.1 % of phosphorus and
0.30 % of sodium and had a specific surface area of 1.6 mé/g

and a porosity of 0.11 cm’/g.
Test procedure

A vertical tube reactor {diameter: 16 mm, f£ill height: 50 cm,
oll-heated double jacket: was charged with 400 g (200 ml) otf
the catalyst A. The catalyst was activated under atmospheric
pressure by passing through 200 standard l/h of hydrogen while
1ncreasing the temperature stepwlise over a period of 24 hours
from 100 to 340°C and then maintaining the temperature at 340°C

for 24 hours.

30 g/h of i1sophoronenitrile (purity: 99.0 %) and 270 g/h of
liquid ammonia were pumped at 80 C and a pressure of 250 bar
from the bottom upwards through a tube reactor (diameter: 16
mm, fill height: 100 cm, oi1l-heated double jacket) connected
upstream of the hydrogenation reactor, the tube reactor having
been charged with 37 g (50 ml; of titanium dioxide in the form
of 1.5 mm extrudates (weight hourly space velocity over the
catalyst: 0.4 kg/l1l x h). Subsequently, 100 standard 1l/h

(4.5 mol) of hydrogen were fed in and the product from the up-
stream imination reactor was passed from the bottom upwards
through the hydrogenation reactor at 130 C and a pressure of

250 bar. After letting down to atmospheric pressure, the
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ammonia was distilled off and the hydrogenation product was

analyzed by gas chromatography.

The tests using the comparative catalysts B and C were carried

out 1n a similar manner.

Catalysts have sufficient hydrogenation activity if the content

of an i1ntermediate referred tO as aminonitrile 18 less than

500 ppm.
10
The results are shown in the following table:
Cata- Cutting Surface Poroslty JAmino- Yield of
lyst hardness area nitrile isophorone-
autoclave diamine
test
—__
S ECR R IS S L
30

40
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CLAIMS

1. A cobalt catalyst whose catalytically active composition comprises from
55 to 98% by weight of cobalt, from 0.2 to 15% by weight of phosphorus, from
0.2 to 15 % by weight of manganese and from 0.05 to 5 % by weight of alkali
metal, calculated as oxide,

wherein said catalyst is obtained by calcination of a powdering mixture of its
active components in the form of their salts at a temperature of from 500° to
1000°C,;

wherein said catalyst is reduced in a stream of hydrogen at a final temperature
of from 200 to 400°C and is subsequently surface-oxidized by treatment in a

stream of air at final temperatures of from 20 to 60°C; and

wherein said catalyst has a specific surface area greater than or equal to 12

m2/g, a porosity greater than or equal to 0.16 cm3/g, and a cutting hardness
greater than or equal to 30 N after carrying out an autoclave test for determining

the base stability.

2. A cobalt catalyst as claimed in claim 1, whose catalytically active
composition comprises from 75 to 95% by weight of cobalt, from 0.5 to 10% by
weight of phosphorus, from 2 to 10% by weight of manganese and from 0.1 to

3% by weight of alkali metal, calculated as oxide.

3. A cobalt catalyst as claimed in claim 1, whose catalytically active

composition comprises from 85 to 95% by weight of cobalt, from 1 to 6% by
weight of phosphorus, from 3 to 8 % by weight of manganese and from 0.13 to

1% by weight of alkali metal, calculated as oxide.

4. A cobalt catalyst as claimed in any one of claims 1 to 3, wherein the alkali

metal used is lithium, sodium, potassium and/or cesium.
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5. A process for hydrogenating organic nitriles and/or imines at from 60 to
150°C and pressures of from 50 to 300 bar, wherein a cobalt catalyst as claimed

in any one of claims 1 to 4 is used.
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