
A shaped metal fixed-bed catalyst, a process for its
preparation and its use                               Description 5    The
invention relates to a shaped, Raney metal fixed-bed    catalyst which
contains at least one catalyst alloy made of    a catalyst metal and an
extractable alloying component,    wherein the catalyst is activated in a
surface layer with a 10 thickness of 0.1 to 2.0 mm starting from the
surface of the     shaped catalyst by complete or partial extraction of the
extractable alloying component and which optionally     contains promoters.
The invention also relates to a process     for preparing the catalyst by
mixing a powder of the 15 catalyst alloy and a high molecular weight
polymer, shaping     the mixture to give shaped articles and removing the
polymer by thermal treatment and calcining the shaped     articles at
temperatures of less than 850[err]C. The invention     also relates to use
of the catalyst for hydrogenation, 20 dehydrogenation and hydrogenolysis
reactions.       Activated metal catalysts are known in chemical
engineering     as Raney catalysts. They are used, generally in powdered
form, for a large number of hydrogenation reactions of 25 organic
compounds.       These powdered catalysts are prepared from an alloy of a
catalytically active metal, in the following also called a     catalyst
metal and a further alloying component which is 30 soluble in alkalis.
Nickel, cobalt, copper or iron are     mainly used as catalyst metals.
Aluminium is largely used  



2      as the alloying component which is soluble in alkalis, but    other
components may also be used, in particular zinc and    silicon are also
suitable.    5 This so-called Raney alloy is first finely milled in
accordance with Raney's method. Then the aluminium is    removed entirely
or partly by extracting with alkalis such    as, for example, caustic soda
solution.   10  This process activates the alloy powder. Due to extraction
of the aluminium, the alloy powder has a high specific    surface area,
between 20 and 100 m[err]/g, and is rich in    adsorbed hydrogen. The
activated catalyst powder is    pyrophoric and is stored under water or
organic solvents or 15 embedded in high boiling organic compounds.
Powdered catalysts have the disadvantage that they can only     be used in
batch processes and have to be isolated after     the catalytic reaction by
filtering the reaction medium, a 20 costly process. Therefore a number of
processes for     preparing shaped articles which lead to activated metal
fixed-bed catalysts after extraction of the aluminium has     been
disclosed.   25 US patent 4,826,799 describes the preparation of activated
Raney metal fixed-bed catalysts by mixing a powder of the     alloy of
catalyst metal and aluminium with an organic     polymer and optionally a
shaping aid, shaping this mixture     by extrusion or compression to give
the desired shaped 30 articles and calcining the shaped articles in air at 



temperatures above 850[err]C. This leads to a pore structure in
3      the shaped article, due to combustion of the added organic
material, and to the formation of a-aluminium oxide which    acts as a
ceramic binder between the alloy particles and    provides the shaped
articles with the desired mechanical 5 stability. Then the shaped articles
are activated by    extracting the remaining aluminium which has not been
oxidised during calcination.      A critical feature of this process is the
formation of a- 10 aluminium oxide between the alloy particles as a ceramic
binder. a-aluminium oxide, in contrast to [err]-aluminium oxide    and
aluminium, is not soluble in alkalis and is therefore    not dissolved out
during activation of the shaped article    with caustic soda solution. 15
Catalysts prepared in accordance with US 4,826,799 have     serious
disadvantages. In order to form a-aluminium oxide,    the shaped articles
must be calcined at a temperature above     850[err]C. In fact, below
850[err]C no a-aluminium oxide but only  20 [err]-aluminium oxide, which is
soluble in alkalis, is formed.      The a-aluminium oxide used as binder is
catalytically     inactive and thus reduces the catalyst activity. During
calcination a well-sealed or less well-sealed sealed layer     of this
inactive material which is insoluble in alkalis is 



25 formed on the surface of the alloy particles. Thus     activation of the
alloy is made very difficult. In the     final catalyst, this layer
represents a diffusion barrier     for reactant molecules, which results in
a further loss in     activity. 30
4      In addition, it is expected of modern catalyst systems that    they
should be easy to reclaim for re-use, in order to    protect the
environment. Processing of ceramically bonded    metal fixed-bed catalysts
however is difficult due to the  5  insoluble ceramic binder.      EP 0 648
534 Al describes the preparation of an activated     metal fixed-bed
catalyst which is produced without a-    aluminium oxide as a binder. The
catalyst is obtained by 10 shaping a powder of at least one catalyst alloy
with a    powder of the pure catalyst metal, with the addition of
shaping aids and pore producers, and then calcining at    temperatures of
less than 850[err]C. During calcination the    shaping aids and pore
producers are burned away. The alloy 15 powder and metal powder sinter
together to provide    mechanically stable and porous shaped articles.
These    shaped articles thus consist of particles of the catalyst    alloy
which are bonded by a powder of the pure catalyst    metal. They do not
contain any catalytically inactive 20 ceramic binder. The shaped articles
are activated in a     surface layer by extracting the aluminium contained
in the     catalyst alloys with caustic soda solution.   



Although the pure catalyst metal used as binder in this 25 catalyst also
makes a certain contribution to the catalytic     activity of the catalyst,
its contribution is negligible     due to the low specific surface area of
this material. Thus     the catalytic activity of the catalyst, with
respect to the     total weight of catalyst, is lower than it would be if
the 30 catalyst metal were not used as a binder.
5      EP 0 648 534 Al recommends using, as binder, a powder of    the pure
catalyst metal with a particle size which is less    than the particle size
of the alloy powder in order to    increase the strength of the
catalyst-shaped articles. This 5 leads to relatively dense catalysts with
small pore    volumes. EP 0 648 534 Al does not mention the bulk
densities of the catalysts. Fixed-bed catalysts prepared by    this
procedure, however, have very high bulk densities of    about 2 kg/l. 10
Thermoplastic materials for preparing metallic shaped    articles are
disclosed in DE 40 07 345 Al. The materials    contain A) a sinterable
powdered metal or a powdered metal    alloy, B) a mixture of B1) a
polyoxymethylene homopolymer 15 or copolymer and B2) a polymer,
homogeneously dissolved in     B1) or dispersed in B1) with an average
particle size of      less than 1 [err]m, as binder and a dispersing aid.
These     materials may be shaped to give shaped articles. In order     to
remove the binder, the freshly prepared shaped articles 20 obtained after
shaping are treated under a gaseous acid-     containing atmosphere.
Treatment is performed until at     least 80 % of the polyoxymethylene
fraction has been     removed. Then the product obtained in this way is
heated to     250 to 500[err]C in order to completely remove the remainder
of 



25 the binder which is still present. The binder-free product     can be
converted into a metallic shaped article by     sintering, the final
product being free of cracks and pores     even when the walls are thick.
30 The object of the present invention is to provide a shaped,     metal
fixed-bed catalyst which has a substantially lower              bulk
density than comparable catalysts known from the prior    art for the same
or better hydrogenation activity.      This object is achieved by a shaped
metal fixed-bed 5 catalyst which contains at least one catalyst alloy
consisting of a catalyst metal and an extractable alloying    component and
optionally promoters. The catalyst is    characterised in that it consists
exclusively of the    catalyst alloy(s), has a total pore volume of 0.1 to
10 0.6 ml/g and is activated in a surface layer with a    thickness of 0.1
to 2.0 mm starting from the surface by    complete or partial extraction of
the extractable alloying    component.   15 Thus the catalyst does not
contain, in comparison to    catalysts according to EP 0 648 534 Al, any
less-active    pure catalyst metal as a binder. In addition it has a
higher pore volume than the known catalyst when using the    same alloy
powder, which means that a thicker activated 20 outer layer is produced
when using the same activation    conditions. These differences are due to
the higher    specific activity of the catalyst according to the 



invention both with respect to its weight and also to its    bulk density.
25 Nickel, cobalt, copper or iron are preferably used as     catalyst
metals and aluminium, zinc or silicon are used as     extractable alloying
components. The ratio by weight of     catalyst metal to extractable
alloying component in the     catalyst alloy is, as is conventional with
Raney alloys, in 30 the range between 30:70 and 70:30.
7      Catalysts according to the invention may be doped with    other
metals in order to modify their catalytic activity.    The purpose of this
type of doping is, for example, to    improve the selectivity in a specific
reaction. The doping 5 metals are frequently called promoters. The doping
and    promoting of Raney catalysts are described, for example, in    USP
4,153,578, in DE-AS 21 01 856, in DE-OS 21 00 373 and    in DE-AS 20 53
799. Suitable promoters are chromium, iron,    cobalt, tantalum, titanium
and/or molybdenum and also 10 metals from the platinum group. They are
expediently added    as alloying constituents in the catalyst alloy. They
are    typically present in the catalyst alloy in amounts of up to    15
wt.%. When doping with molybdenum, it is expedient to    perform the doping
procedure only after activating the 15 catalyst. For this purpose, the
final catalyst is     introduced into a molybdate solution at elevated
temperature, e.g. at 80[err]C. Depending on the duration of the
treatment, a specific amount of molybdenum compound is     adsorbed by the
catalyst. 20     An activated fixed-bed catalyst is prepared in accordance
with the invention by mixing an alloy powder consisting of     a
catalytically active catalyst metal, optionally promoters     and an
extractable alloying component with a high molecular 



25 weight polymer, shaping the mixture to give freshly     prepared shaped
articles and removing the polymer by     thermal treatment and calcining
the freshly prepared shaped     articles at temperatures of less than
850[err]C and activating     the shaped articles obtained by extracting the
extractable 30 alloying component using caustic soda solution. A
polyoxymethylene homopolymer or copolymer moulding compound
8       is suitable for use as the high molecular weight polymer,     this
being decomposed by thermal treatment at temperatures     between 100 and
300[err]C. In the following the expression     polyoxymethylene (POM) is
used instead of polyoxymethylene 5 homopolymer or polyoxymethylene
copolymer moulding    compounds. Polyoxymethylene and methods for its
preparation    are known to a person skilled in the art and are described
in the literature.   10 The polyoxymethylene acts as a binder for the
freshly    prepared shaped articles and as a pore producer. It is    mixed
directly with the catalyst alloy. It has been shown    that when using
polyoxymethylene with a melt volume index    MVI (according to DIN ISO
1133, measured at 190[err]C with a 15 load of 2.16 kg) between 1 and 50,
preferably in the range     from 5 to 13, in particular in the range from 6
to 9,     further additives are generally not required during the
mixing. The MVI flow index represents adequate     characterisation of
polyoxymethylene for the purposes of 20 the present invention.       Use of
POM with an MVI of less than one has been proven to     be non-beneficial
due to the reduced viscosity of the 



molten material during the mixing procedure with the 25 catalyst alloy. The
use of POM with an MVI of greater than     50 leads to failure due to the
poor binder properties in     the mixture.       The catalyst alloy and
polymer are kneaded in the form of 30 powders at 180 to 250[err]C to give a
shapeable material. The     primary particle size distribution of the alloy
powder used                                         9      is substantially
unchanged during this procedure. Therefore    no milling takes place. The
objective of this preliminary    treatment is to prepare the mixture for
the subsequent    shaping procedure. Extrusion, tabletting and compacting
may 5 be used for example. The mixture is preferably extruded to    give
extrudates with diameters of about 1 to 8 mm which are    broken into
approximately 2 to 5 mm long pieces. In the    case of extrusion, the alloy
powder and polymer are fed    separately to the extruder. Mixing of the two
components 10 takes place in the extruder.      The average particle size
of the catalyst alloy used is     preferably in the range between 30 and
120 [err]m. Particle     diameters of less than 30 pm lead to shaped
articles with 15 too low a porosity for use as catalysts. If the particle
diameters are greater than 120 [err]m, the porosity is too high     and the
strength of the shaped articles decreases. The     polyoxymethylene is
preferably added to the mixture in an     amount of 5 to 100 wt.%, with
respect to the amount of 



20 catalyst alloy.       The freshly prepared shaped articles obtained by
the     shaping procedure are subjected to thermal treatment in     order
to decompose the polyoxymethylene to substantially 25 formaldehyde and to
drive it out of the freshly prepared     shaped article. Decomposition of
polyoxymethylene starts at     temperatures above about 100[err]C. In order
to avoid cracking     the freshly prepared shaped articles by too vigorous
release of the gaseous decomposition products the shaped 30 articles should
be warmed up appropriately slowly. Rates of     decomposition of about 6 to
10 grams of decomposition                                         10
products per kilogram of polyoxymethylene used have proven    suitable
[sic]. These rates of decomposition can be set by    adjusting the
temperature in an appropriate manner. If the    temperature is maintained
at a constant value, the rates of  5 decomposition decrease with increasing
decomposition. In    order to accelerate complete decomposition, it is
therefore    recommended that the temperature be increased continuously
during the decomposition procedure in order to maintain the    rate of
decomposition at a constant level during the entire 10 decomposition
process. The decomposition process then     terminates, depending on the
rate of decomposition     selected, after 170 to 200 minutes. Experience
has shown     that the temperature of the freshly prepared shaped
articles has to be raised from 100[err]C to about 300[err]C. 15     The
freshly prepared shaped articles may thus be initially     heated
relatively rapidly to about 100[err]C. Then the     temperature is
increased to 300[err]C in a controlled manner     which ensures slow
decomposition of the polyoxymethylene. 



20 If the freshly prepared shaped article is heated too     rapidly to
300[err]C the polyoxymethylene decomposes too     suddenly and the shaped
article is destroyed. After     completing the decomposition process, the
temperature of     the freshly prepared shaped articles is increased to the
25 calcination temperature of preferably 800[err]C over the course     of
about 100 to 140 minutes. The freshly prepared shaped     articles are then
calcined at this temperature for 60 to     180 minutes.   30 The best
temperature gradient for decomposition of the     polyoxymethylene may be
determined by a person skilled in               the art in a few
preliminary tests. It has to be taken into     account while performing
these that the porosity of the     final catalyst may also be affected to
some degree by the     temperature gradient. In fact, due to decomposition
of the  5 polyoxymethylene, the freshly prepared shaped article    becomes
somewhat distended. As described above, however,    this procedure must not
be allowed to lead to complete    destruction of the freshly prepared
shaped article. It may    be used in a targetted manner, however, in order
to adjust 10 the porosity of the final catalyst shaped article.
Decomposition of the polyoxymethylene may be performed     under air. In
order to support the decomposition process,     however, it may also be
performed, as described in DE 15 40 07 345 A1, in an acid-containing
atmosphere. Suitable     acids for use during the treatment are inorganic
or organic     acids which are volatile at the temperatures used. Suitable
acids are for example nitric acid, formic acid or acetic 



acid. 20     Calcination of the freshly prepared shaped articles may
also be performed in air. Restricting the calcination     temperature to
values below 850[err]C ensures that any      aluminium oxide formed is
present only in the form of [err]- 25 aluminium oxide which is dissolved
out of the shaped     articles during subsequent activation.       For
activation, the shaped articles are treated, after     cooling, in a 20
wt.% strength solution, preferably caustic 30 soda solution, at a
temperature of 80[err]C for a period of 120     minutes. This dissolves out
the extractable alloying                                        12
component contained in the catalyst alloy, usually    aluminium. The
extraction process progresses from the    surface of the shaped article
inwards. Using the values    cited for the concentration of caustic soda
solution, its 5 temperature and the period of treatment, activated outer
layers with a thickness of about 0.8 mm are obtained when    the pore
volume for the shaped article is 0.3 ml/g. The    thickness of the outer
layer can be varied between certain    limits by changing the parameters
mentioned above. The 10  extraction parameters mentioned are thus not fixed
values    but may be adjusted by a person skilled in the art in
accordance with his requirements. After the extraction    procedure the
shaped articles are washed alkali-free with    water and stored under water
until they are used. 15    The process described enables the preparation of
an    activated metal fixed-bed catalyst which consists entirely 



of the catalyst alloy. Compared with the catalyst described    in EP 0 648
534 Al, it therefore does not contain, 20  surprisingly, any pure catalyst
metal as a binder and thus     has a higher volume-specific activity. It
has also been     shown that on the whole catalysts with lower bulk density
than those in EP 0 648 534 Al are produced using this     process. This is
particularly advantageous in the case of 25  expensive catalyst metals such
as cobalt.       The catalyst according to the invention can be used for
hydrogenation, dehydrogenation and hydrogenolysis of     organic and
inorganic substrates. Using the catalyst 30 according to the invention, for
example, nitro compounds,     imines, nitriles, CC double and CC triple
bonds, aromatic                                         13      and
heteroaromatic rings, carbonyl compounds and epoxides,    also CO and
CO[err], can be hydrogenated using hydrogen under     conditions which are
conventional for these types of    hydrogenation reactions. Furthermore,
for example, alcohols  5 can be dehydrogenated to give carboxylic acids and
aminoalkanols can be dehydrogenated to give aminocarboxylic    acids.
A particularly preferred use is directed towards a process 10  for
preparing isophorone diamine (IPDA) from isophorone     nitrile, wherein,
in a first stage, isophorone is converted     into the corresponding
iminonitrile using ammonia in the     presence of an acid imination
catalyst in a manner known     per se and this is hydrogenated and
amminated, in a second 15  stage, in the presence of the catalyst according
to the 



invention to give isophorone diamine. The first stage is     performed in
the presence or absence of a solvent,     preferably in the presence of a
lower alcohol, at 0 to     100[err]C, for example in accordance with DE
patent application 20  196 27 265.3 in the presence of an
organo-polysiloxane     which contains sulphonate groups as an imination
catalyst.     In the second stage the reaction mixture from the imination
stage is passed over the catalyst according to the     invention,
preferably using a trickle-bed procedure at a 25  pressure of 3 to 10 Mpa,
wherein the reaction temperature     is either 80 to 150[err]C or initially
10 to 90[err]C and then more     than 90 to 150[err]C. Further details
relating to process     management may be obtained from the publications DE
43 43 890 Al and DE 43 43 891.                                         14
Example 1:      An activated cobalt catalyst was prepared using a
cobalt/aluminium alloy with 50 wt.% of aluminium, with 5 respect to the
total weight of the alloy, using the process    described. The average
particle size of the cobalt was     60 [err]m.      A mixture consisting of
15 wt.% of a polyoxymethylene 10 copolymer and 85 wt.% of the
cobalt/aluminium alloy was     prepared at room temperature and extruded at
a temperature     of 190[err]C with a mass flow of 10 kg/h in a double
shaft     extruder (Werner and Pfleiderer; Extruder ZSK 30). The
polyoxymethylene copolymer contained 2.7 wt.% of butanediol 15  formal as a
copolymer (Ultraform[err] N2320) and had an MVI 



(190[err]C, 2.16 kg) of 6.7 to 8.5.       To decompose the
polyoxymethylene, the freshly prepared     shaped articles were first
heated up to 120[err]C over the 20 course of 10 minutes in a furnace.
Decomposition was then     performed with a continuous increase in
temperature from     120 to 280[err]C over the course of 90 minutes. After
this time     the decomposition had largely terminated. Then the
temperature was increased to 800[err]C over the course of 125 25 minutes.
The freshly prepared shaped articles were calcined     at this temperature
for a further 140 minutes.       After cooling the shaped article, it was
activated in     caustic soda solution (20 wt.%) at a temperature of
80[err]C 30 for a period of 120 minutes.              The final catalyst
shaped articles had a diameter of 5 mm,    a length of 5 mm and a 0.8 mm
thick activated outer layer.    The breaking strength was 120 N (measured
in the radial    direction according to ASTM D 4179-82). The catalyst 5
prepared according to the invention was characterised by a    considerably
reduced bulk density of only 1.2 kg/l as    compared with the prior art,
but still had sufficient    strength for use in catalytic applications.
10 Comparison example 1:      A comparison catalyst in accordance with EP 0
648 534 Al    was prepared. Here, the alloy powder from example 1, a 



cobalt powder with an average particle size of 20 [err]m and a 15 wax
powder (ethylene bisstearoylamide) with an average      particle size of 15
[err]m, as lubricant and pore producer,     were used.       The alloy
powder and 15 wt.% of cobalt powder, with respect 20 to the alloy powder,
were carefully homogenised in a mixer     with the addition of water and,
after intermediate drying,     mixed with 2.5 wt.% of wax powder, with
respect to the     alloy powder. The material obtained in this way was
compressed into tablets with a diameter of 5 mm and a 25 thickness of 5 mm.
The tablets were then calcined and     activated as described in example 1.
The final catalyst has     a 0.3 mm thick active outer layer and a bulk
density of     2.2 kg/l.   30 Application example:
16      The catalyst prepared according to example 1 (C1), the
comparison catalyst according to comparison example 1 (CC1)    and a
commercially available cobalt supported catalyst    (cobalt on a siliceous
support) (CC2) were tested for 5 catalytic activity during the preparation
of 3-aminomethyl-    3,5,5-trimethylcyclohexylamine (isophorone diamine
IPDA)    from 3-cyano-3,5,5-trimethylcyclohexanone (isophorone    nitrile
IPN) in a two-stage process. The process is    described in detail in DE
195 40 191 C1. The properties of 10 the catalysts used are listed in table
1.     In the first stage, isophorone nitrile was at least partly 



converted into 3-cyano-3,5,5-trimethylcyclohexylimine in     the presence
of an imination catalyst using ammonia and     adding methanol, and in the
second stage this was 15 hydrogenated and amminated using hydrogen on a
cobalt     fixed-bed catalyst from table 1 at a temperature of 100[err]C
and a pressure of 6 Mpa.       Each stage of the preparation of IPDA was
performed in a 20 separate reactor, differently from the procedure
described     in DE 195 40 191 C1. The two reactors, however, were
connected in series. They were maintained at a constant     temperature by
separate oil heating systems.   25 The first reactor tube had an internal
diameter of 20 mm     and a length of 250 mm and was filled with 30 ml of a
sulphonate group-containing organo-polysiloxane (particle     size 0.4 to
1.4 mm; bulk density 525 g/l) as an imination     catalyst (see DE patent
application 196 27 265.3). 30     The hydrogenation reactor had an internal
diameter of 17 mm                                        17      and a
length of 350 mm and was filled with 150 ml of the    particular catalyst
being tested during each trial.      The temperature in the first reactor
was adjusted to 35[err]C  5 and the temperature in the second reactor to
100[err]C. The    pressure in both reactors was 6 Mpa.      The feed
solution of IPN (15 wt.%), ammonia (30 wt.%) and    methanol (55 wt.%) was
pumped from below through the first 



10  reaction tube with a mass flow of 80 ml/h; the iminated     reaction
mixture obtained in that way passed from there to     the second reactor.
Hydrogen was passed from above into the     second reaction tube with a
volume flow of 36 1/h, the     reactor thus operated as a trickle bed
reactor. The product 15 liquid was collected in a settling vessel below the
second     reactor.       The product mixture obtained was tested for IPDA
and     corresponding by-products using gas chromatography. The 20  test
results are given in table 2.       Table 1: Properties of the catalysts
C1         CC1          CC2      Dimensions                   5 [err] x 5
5 [err] x 5    4.5 [err] x 5      Cobalt             [wt.%]     72
81            45      Aluminium          [wt.%]     28          19
n.d.      Bulk density  [Kg/l]         1.2         2.2           0.74
Pore volume        [cm[err]/g]   0.3         0.05            0.3  



Thickness of outer layer    0.8          0.3           n.d.     [mm]
Breaking strength    [N]    120          300            80      n.d.: not
determined         Table 2: Results of IPDA preparation
C1           CC1            CC2      IPDA yield           89.7
89.1           84.3      Product purity       99.9         99.75
99.85     (% IPDA)        It can be concluded from the results given in
table 2 that     a slightly higher target product yield is achieved using
the catalyst according to the invention with the same     catalyst volume.
Since, at the same time, less of the 10 unwanted by-products are formed, a
greatly improved purity     is obtained after purification distillation.
Due to its     lower bulk density, the costs of the raw materials for the
19   catalyst are greatly reduced compared with the catalyst CC1 prepared
according to EP 0 648 534 Al.   



20                                      Claims 5     1.  A shaped metal
fixed-bed catalyst containing at least         one catalyst alloy
consisting of a catalyst metal and         an extractable alloying
component and optionally         promoters, characterised in that the
catalyst consists 10      exclusively of the catalyst alloy(s), has a total
pore         volume of 0.1 to 0.6 ml/g and is activated in an outer
layer with a thickness of 0.1 to 2.0 mm starting from         the surface
by complete or partial extraction of the         extractable alloying
component. 15     2.   Shaped catalyst according to Claim 1, characterised
by          nickel, cobalt, copper and/or iron as catalyst metal
and aluminium, zinc or silicon as extractable alloying          component
and a ratio by weight of catalyst metal to 20       extractable alloying
component of 30:70 to 70:30.       3.   Shaped catalyst according to Claim
2, characterised in          that it is doped with a further up to 15 wt.%,
with          respect to the weight of catalyst alloys, with the 25
elements chromium, iron, cobalt, tantalum, molybdenum          and/or
titanium as promoters.       4.   Process for preparing an activated metal
fixed-bed          catalyst according to one of the preceding Claims by 



30      mixing at least one alloy powder consisting of a          catalyst
metal, optionally promoters and an                   extractable alloying
component with a high molecular         weight polymer, shaping the mixture
to give the         freshly prepared shaped articles and removing the
polymer by thermal treatment and calcination of the 5       freshly
prepared shaped articles at temperatures of          less than 850[err]C
and activating the shaped articles          produced by extracting the
extractable alloying          component using an alkaline solution,
characterised in          that a polyoxymethylene homopolymer or copolymer
with 10       a melt volume index MVI (according to DIN ISO 1133,
measured at 190[err]C with a load of 2.16 kg) between 1         and 50,
preferably in the range from 5 to 13, in         particular in the range
from 6 to 9, is used as the         high molecular weight polymer and this
is decomposed 15       by thermal treatment at temperatures between 100 and
300C.       5.   Process according to Claim 4, characterised in that
the catalyst alloy [sic] an average particle size of  20       30 to 120
[err]m and is added to the polyoxymethylene in          an amount of 5 to
100 wt.% with respect to the amount          of catalyst alloy in the
mixture.       6.   Process according to Claim 5, characterised in that 25
the high molecular weight polymer is decomposed under          the action
of an acid medium at temperatures between          100 and 300[err]C,
wherein an approximately constant rate 



of decomposition of 6 to 10 grams of formaldehyde per          kilogram of
polyoxymethylene used and per minute is 30       set by controlling the
rate of heating and/or the rate          of addition of the acid medium.
7.  Use of the shaped metal fixed-bed catalyst in        accordance with
one of Claims 1 to 3 or obtained in        accordance with one of Claims 4
to 6 for performing 5      hydrogenation, amminating hydrogenation,
dehydrogenation and hydrogenolysis reactions.    


