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(S7) Abstract

The invention concerns the production of a hydrogenation catalyser based on an aluminium/transition metal alloy. The proposed
method involves producing a kneadable material from the alloy and an auxiliary agent, moulding the kneadable material into moulded
articles, calcinating these articles and then treating them with an alkali metal hydroxide, using (a) polyviny! alcohol and water or (b) stearic
acid as the auxiliary agent. The invention also concerns methods of hydrogenation and hydrogenolysis, in particular the partial hydrogenation
of aliphatic a,w-dinitriles to a,w-aminonitriles; and the use of the catalysers thus produced for hydrogenation and hydrogenolysis.

(57) Zusammenfassung

Herstellung eines Hydrierkatalysators auf der Basis einer Legierung aus Aluminium und eines Ubergangsmetalles, indem man aus
der Legierung und einem Hilfsmittel eine Knetmasse herstelit, die Knetmasse zu Formkodrpern formt, die Formktrper calciniert, und die
calcinierten Formkodrper mit einem Alkalimetallhydroxid behandelt, indem man als Hilfsmittel a) Polyvinylalkohol und Wasser oder b)
Stearinsidure einsetzt, sowie Verfahren zur Hydrierung und Hydrogenolyse, insbesondere die partielle Hydrierung von aliphatischen alpha,
omega-Dinitrilen zu aliphatischen alpha, omega-Aminonitrilen sowie die Verwendung der erfindungsgemiB hergestellten Katalysatoren zur

Hydrierung und Hydrogenolyse.
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The present invention relates to a process for the preparation of
a hydrogenation catalyst based on an alloy of aluminum and of a
transition metal by preparing a kneaded material from the alloy
and an assistant, converting the kneaded material into moldings,

calcining the moldings and treating the calcined moldings with an
alkali metal hydroxide.

The present invention furthermore relates to processes for hydro-
genation and hydrogenolysis, in particular the partial hydrogena-
tion of aliphatic alpha,omega-dinitriles to aliphatic alpha,
—omega-aminonitriles, and the use of the catalysts prepared
according to the invention for hydrogenation and hydrogenolysis.

Ind. Eng. Chem. Res. 28 (1989), 1764-1767 describes a process for
the preparation of catalysts of the Raney type. In this process,
an alloy of aluminum and nickel is kneaded with polyethylene and
mineral oil at 150°C and then extruded to give moldings, after
which the mineral oil is extracted with hexane. The moldings thus
obtained are then calcined in air at from 900 to 1200°C, some of
the aluminum being oxidized to alumina. The calcined moldings are
converted into catalysts by treating said moldings with an alkali
metal hydroxide, the major part of the unoxidized aluminum being
dissolved out of the moldings. The disadvantage of this procedure
is the use of relatively large amounts of mineral oil (20% by
weight), which furthermore must be removed in a process step
before the calcination with a further substance, the extracting
agent hexane. Moreover, the temperature of 150°C during kneading
is too high for commercial applications owing to, inter alia, the
energy consumption.

It 1s an object of the present invention to provide a process
which does not have the stated disadvantages. In particular, it
is intended to simplify the process compared with the prior art
by dispensing with the need for an intermediate step for removing
the assistant.

We have found that this object is achieved by an improved process

for the preparation of a hydrogenation catalyst based on an alloy
of aluminum and of a transition metal for preparing a kneaded
material from the alloy and an assistant, converting the kneaded

material into moldings and calcining the moldings and treating
the calcined moldings with an alkali metal hydroxide, wherein the
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assistant used 1s (a) polyvinyl alcohol and water or (b) stearic
acid. '

We have also found processes for hydrogenation and hydrogenoly-
sis, 1in particular the partial hydrogenation of aliphatic
alpha,omega-dinitriles to aliphatic alpha,omega-aminonitriles,
and the use of the catalysts prepared according to the invention
for hydrogenation and hydrogenolysis.

In the novel process, a kneaded material is first prepared from
an alloy of aluminum and of a transition metal and an assistant.

'The transition metals used may be preferably nickel, cobalt, iron
and copper, particularly preferably nickel and cobalt. '

The aluminum alloy is prepared in a manner known per se, for ex-
ample by the process described in DE-A 21 59 736. The weight
ratio of aluminum to transition metal in the alloy is chosen to
be as a rule from 35:1 to 80:1, preferably from 50:1 to 70:1.

The assistant used according to the invention is either (a) poly-
vinyl alcohol and water or (b) stearic acid.

Polyvinyl alcohol having a molecular weight of from 3000 to 6000,
preferably from 4500 to 5500, g/mol is usually used.

The weight ratio of polyvinyl alcohol to water is chosen in gen-
eral to be from 0.3:1 to 0.4:1, preferably from 0.35:1 to 0.37:1.
Observations to date have shown that, outside this range, the |
kneaded material can be processed to moldings only with diffi-
culty, if at all. |

In a preferred embodiment, the alloy is first mixed with the usu-
ally solid polyvinyl alcohol and water is then added a little at
a time until a readily moldable, plastic kneaded material is
obtained.

When polyvinyl alcohol and water are used as the assistant, the
weight ratio of assistant to alloy is chosen to be, as a rule,
from 4:1 to 23:1, preferably from 13:1 to 19:1, the preparation
of the kneaded material usually being carried out at from 10 to
40°C, preferably from 25 to 35°C.
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The weight ratio of stearic acid to alloy is usually chosen to be
from 0.01:1 to 1.0:1, preferably from 0.04:1 to 0.06:1, the pre-
paration of the kneaded material usually being carried out at
from 70 to 140°C, preferably from 75 to 85°C.

The kneaded material can be prepared in a manner known per se,
for example in an appropriate mixing or kneading apparatus.

According to the invention, moldings are produced from the
kneaded material comprising essentially alloy and assistant.
Observations to date have shown that the three-dimensional shape
of the moldings and their production are not critical for the
success of the invention. Preferred moldings are, for example,
pellets and extrudates. The moldings are usually processed in ap-

paratuses known for this purpose, for example in extruders or
pelleting machines.

In the case of processing in extruders, an L/D ratio of from 10:1
to 2:1, preferably from 3:1 to 5:1, a temperature of from 10 to
40°C, preferably from 25 to 35°C, and a pressure of from 10 to 20,
preferably from 12.5 to 17.5, MPa are usually chosen.

In a particular embodiment, extrudates having a dia-meter of 1.5
mm and a length of 5 mm are produced, the production being car-
ried out, as a rule, in such a way that, immediately after emerg-
ing from the extruder, the resulting extrudates are subjected to
a temperature of from 100 to 200°C for from 0.2 to 2 minutes for
superficial drying. Drying is then effected for 12 hours at 120°C.

The moldings are usually calcined at from 700 to 1200°C, prefer-
ably from 750 to 900°C, the residence time being, as a rule, from
0.5 to 3, preferably from 0.9 to 1.1, hours. In a particular
embodiment, the moldings are first heated for one hour at 750°C,
after which the temperature is increased to 900°C for two hours.

The calcination is usually carried out in air at atmospheric
pressure.

According to the invention, the calcined moldings are activated
with an alkali metal hydroxide, such as lithium hydroxide, sodium
hydroxide, potassium hydroxide or cesium hydroxide,-preferably
sodium hydroxide, or a mixture thereof. As a rule, an aqueous
solution of the alkali metal hydroxide, in particular sodium
hydroxide solution, is used, the weight ratio of water to alkali
metal hydroxide generally being from 10:1 to 30:1, preferably
from 15:1 to 25:1. The molar ratio of alkali metal hydroxide to
aluminum is chosen to be, as a rule, from 1:1 to 4:1, preferably
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from 1.5:1 to 2.5:1. The temperature of the activation 1is usually
chosen to be from 25 to 95°C, preferably from 45 to 80 C. The
duration of the activation depends essentially on the desired
final aluminum content and is usually from 10 to 30, preferably
from 15 to 25, hours. Advantageously, the activation is monitored

by measuring the amount of hydrogen liberated during the activa-
tion.

After the activation, the activated and calcined moldings are
usually washed with water, preferably until the pH of the wash
water is at least 8.0, and moldings are kept under water, prefer-
ably in a mixture of water and methanol.

The catalysts prepared according to the invention can be used for

hydrogenation and hydrogenolysis, for example for the hydrogena-
tion of C-C and C-N double and triple bonds, and of ketones and
alcohols, for ether cleavage, for the reduction of nitro com-
pounds and oximes, for the preparation of secondary amines from
ketones and primary amines, for dehalogenation and for the reduc-
tion of thioketones. ' |

In a preferred embodiment, the catalysts according to the inven-
tion are used for the partial hydrogenation of aliphatic
alpha,omega-dinitriles to aliphatic alpha,omega—-aminonitriles.

The partial hydrogenation can be carried out either in the gas

phase or in the liquid phase, in a tube reactor, either by the

liquid phase procedure or by the trickle-bed procedure, prefer-
ably the latter.

Aliphatic alpha,omega-dinitriles of the general formula I
NC- (CH3)o~CN I

where n is an integer from 1 to 10, in particular 2, 3, 4, 5 or
6, may be used as starting materials. Particularly preferred com-
pounds I are succinonitrile, glutaronitrile, adiponitrile, pime-
lonitrile and suberonitrile, very particularly preferably adipo-
nitrile. In the preferred process, the dinitriles I described
above are partially hydrogenated in the presence of a solvent
using the catalyst prepared according to the invention to give
alpha,omega-aminonitriles of the general formula II

NC—- (CHj ) n—CHy~NH, IT
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where n has the abovementioned meanings. Particularly preferred
aminonitriles II are those in which n is 2, 3, 4, 5 or 6, in par-
ticular 4, ie. 4-aminobutyronitrile, 5-aminopentanenitrile,
6-~aminohexanenitrile (6—aminocapronitrile), 7-aminoheptanenitrile

and 8-aminooctanenitrile, very particularly preferably 6—-amino-
capronitrile.

The partial hydrogenation in the liquid phase is preferably car-
ried out at from 20 to 150 C, preferably from 30 to 90°C, and, as
a rule, at from 2 to 30, preferably from 3 to 20, MPa. The par-
tial hydrogenation is particularly preferably carried out in the
presence of a solvent, preferably ammonia, amines, diamines and
triamines of 1 to 6 carbon atoms, such as trimethylamine, tri-
ethylamine, tripropylamine or tributylamine, or alcohols, such as
methanol and ethanol, particularly preferably ammonia. In a pre-
ferred embodiment, an ammonia content from 1 to 10, preferably
from 2 to 6, g per g of adiponitrile is chosen. A catalyst space
velocity of from 0.1 to 2.0, preferably from 0.3 to 1.0, kg of
adiponitrile per 1 per h is preferably chosen. Here too, the con-
version and hence the selectivity can be controlled by changing
the residence time.

In the partial hydrogenation in the gas phase, a catalyst space
velocity of from 0.03 to 10, preferably from 0.05 to 3, kg of
dinitrile per kg of catalyst per hour is generally maintained.

The hydrogen concentration in the inlet gas usually depends on
the dinitrile concentration. The molar ratio of hydrogen to

dinitrile is as a rule from 2:1 to 300:1, preferably from 10:1 to
200:1.

The gas—phase reaction can be carried out in the presence or
absence of a solvent, continuously as a fixed-bed reaction with a
fixed catalyst, for example by the liquid phase or trickle-bed
procedure, or as a fluidized-bed reaction using catalyst fluid-
ized upward and downward. The fixed-bed procedure is preferred.
By changing the residence time, the conversion and hence the sel-
ectivity can be controlled.

In the partial hydrogenation in the gas phase, temperatures of
from 100 to 250°C, preferably from 150 to 220°C, in particular
from 160 to 200°C, and pressures of from 0.1 to 30, preferably

from 0.7 to 10, particularly preferably from 0.9 to 5, bar are
usually used.
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In the preferred process, alpha,omega—-aminonitriles are obtained
in good selectivities and with only small amounts of hexamethyl-
enediamine. Furthermore, the catalysts used according to the

invention have a substantially longer life than comparable prior
art catalysts. The alpha,omega-aminonitriles are important start-

ing compounds for the preparation of cyclic lactams, in particu-
lar 6-—aminocapronitrile for caprolactam.

The advantages of the novel process are that it is simpler and

consumes less energy compared with prior art processes.
Examples

Example 1

Preparation of an aluminum/nickel catalyst

90 ml of water were added a little at a time to a mixture of

800 g of a powder consisting of an alloy of 48% by weight of
nickel and 52% by weight of aluminum (prepared similarly to
Example 1 in DE-A 21 59 736) and 33 g of a polyvinyl alcohol
(molecular weight 5000 g/mol), and the mixture was then kneaded
for three hours in a kneader. The resulting kneaded material was
then processed in an extruder at 15 MPa and room temperature to
give extrudates having a thickness of 1.5 mm and a length of 5
mm. The extrudates obtained were superficially dried at 120°C for
2 minutes and then kept at 120°C for 12 hours. The calcination was
carried out first at 750°C for one hour and then at 900°C for two
hours.

For activation, 1.5 1 of a 20% strength by weight NaOH solution
were added at 90°C to 500 g of the extrudates thus prepared. After

:26 hours (the resulting amount of hydrogen was 143.2 1), the ex-

trudates were washed with water, the pH of the final wash water
being 7.5.

Example 2
Preparation of pellets containing stearic acid as an assistant

2250 g of an Al/Ni alloy powder (the powder used was the same as
that in Example 1) was heated to 80°C and mixed with 112.5 g of

liquid stearic acid. After cooling, the resulting solid material
was forced through a sieve having a mesh size of 1 mm to give a

powder. This powder was pelleted (3 mm diameter, 3 mm height) at
room temperature on a pelleting machine.
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The pellets thus obtained were calcined for two hours at 900°C.
For activation, 1.5 1 of a 20% strength by weight sodium hydrox-
ide solution were added at 90 C to 411 g of the pellets. After
24 hours, the pellets were cooled and were washed with water for
30 hours (the pH of the final wash water was.8.0).

Example 3
Partial hydrogenation

A mixture of 55 ml/h of adiponitrile, 120 ml/h of liquid ammonia
and 200 1/h of hydrogen was passed, at 18 MPa and 35 C, through a
reactor having a length of 55 cm and an internal diameter of

1.5 cm and containing 80 ml (156 g) of the catalyst obtained in
Example 1.

At a conversion of 56%, the reaction mixture was composed of 44%
by weight of adiponitrile, 44% by weight of 6-aminocapronitrile
and 12% by weight of hexamethylenediamine. When the temperature
was increased to 40°C, the conversion increased to 68%. The reac-
tion mixture was composed of 32% by weight of adiponitrile, 51%
by weight of 6-aminocapronitrile and 17% by weight of hexamethyl-
enediamine.

Example 4
Gas—phase hydrogenation

Adiponitrile and hydrogen were passed, at a reaction temperature
of 180°C and a hydrogen/adiponitrile molar ratio of 50:1, over
100 ml of the catalyst from Example 1 by the trickle-bed proced-
ure, the catalyst space velocity being 0.15 g of ADN per g of
catalyst per hour. The gaseous reacted mixture was condensed in
cold traps and was analyzed by gas chromatography. The 6-amino-
capronitrile yield was 53% (selectivity 72%, conversion 74%) and
the HMD yield was 6%.
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CLAIMS

A process for the preparation of a hydrogenation catalyst
based on an alloy of aluminum and of a transition metal by
preparing a kneaded material from the alloy and an assistant,
converting the kneaded material into moldings, calcining the
moldings and treating the calcined moldings with an alkali
metal hydroxide, wherein the assistant used is (a) polyvinyl
alcohol and water or (b) stearic acid.

A process as claimed in claim 1, wherein the transition metal
used i1s nickel, cobalt, iron or copper.

A process as claimed in claim 1 or 2, wherein the kneaded ma-
terial is prepared at from 70 to 140°C.

A process as claimed in any of claims 1 to 3, wherein the as-
sistant is not removed before the calcination.

A process as claimed in any of claims 1 to 4, wherein the
weight ratio of polyvinyl alcohol to water is chosen to be
from 0.3:1 to 0.4:1.

A process as claimed in any of claims 1 to 5, wherein the
weight ratio of alloy to polyvinyl alcohol is chosen to be
from 20:1 to 80:1.

A process as claimed in any of claims 1 to 6, wherein the

polyvinyl alcohol has a molecular welght of from 3000 to 6000
g/mol.

A process for the preparation of aliphatic alpha,omega-amino-
nitriles by partial hydrogenation of aliphatic alpha,omega-
dinitriles at elevated temperatures in the presence of a sol-
vent and of a catalyst, wherein the hydrogenation catalyst
used 1s based ur an alloy of aluminum and of a transition
metal and is obtained by preparing a kneaded material from
the alloy and an assistant, then converting the kneaded mate-
rial into moldings, then calcining the moldings and finally
treating the calcined moldings with an alkali metal hydrox-

o T T Y
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9
ide, with the proviso that the assistant used is (a) polyvi-

nyl alcohol and water or (b) stearic acid.

9. Use of a catalyst, prepared as claimed in any of claims 1 to
7, for hydrogenation and hydrogenolysis.
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