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This invention relates to new catalyst compo-
sitions and, more particularly, it relates to a
process for ureparing cobalt hydrogenation-
dehydrogenation catalysts. More specifically,
this invention relates to the preparation of finely

divided, super-active, easily suspensible cobalt’

catalysts and their use in the hydrogenation of
adiponitrile. i

The increasingly widespread use of catalytic
hydrogenation processes by the chemical indus-
try has been accompanied by the development
of many different types of hydrogenation cata-
lysts, some of which are fairly specific in their
applications, while others find a more general
use in the hydrogenation of various kinds of
compounds containing unsaturated groups capa-
ble of hydrogenation. Among the more familiar
catalysts- in the latter classification, finely di-
vided metals of group VIII of the periodic table
are perhaps the most widely used and the most
important. Generally speaking, the commercial
utility of the platinum sub-group metals includ-
ing platinum, palladium, and rhodium has been
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limited by their high cost. On the other hand, -

metals of the ferrous sub-group comprising iron,
cobalt, and nickel have been shown to possess
high activity as hydrogenation catalysts, and
many successful large-scale hydrogenation proc-
esses are dependent on their use. Of these, nickel
has been found to be the most important for
commercial use and considerable work has heen
done in developing highly effective nickel hydro-
genation catalysts. Such catalysts have been
adopted for the hardening of vegetable oils, satu-
ration of aromatic compounds, conversion of aro-
matic nitro compounds to amines, and the re-
duction of aldehydes and ketones to alcohols.

In connection with many of these processes,
one of the important large-scale problems has
been to provide finely divided catalysts possess-
ing high activity and, in addition, the ability to
remain suspended in the hydrogenation mixture
with a minimum of agitation. Naturally, the
method of preparing a finely divided hydrogena-
tion catalyst has an important bearing on its
suspensibility, and it often happens that the use
of a desirable catalyst of high activity in a par-
ticular shydrogenation reaction is precluded by
its lack of suspensibility in liquids.

In commercial practice, nickel prepared by the
Raney method has been found to be one of the
more satisfactory catalysts for hydrogenation
reactions in general. In this method of prepar-
ing a nickel catalyst, nickel is alloyed with alu-
minum, the alloy reduced to a fine powder, and
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. aliphatic dinitriles to aliphatic diamines.
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the resulting powder leached with caustic alkali
solution to dissolve the aluminum. The resulting
metallic nickel powder is exceptionally active as
a hydrogenation catalyst. Experience has taught
that the use of alloys of 50% nickel and 50%
aluminum give the most desirable type catalysts.
Those skilled in the art are, however, familiar
with the fact that such a catalyst is compara-
tively heavy and tends to settle out of suspension
quickly, and that the resulting sludge or cake is
difficult to re-suspend without particularly effec-
tive means of agitation. These properties are
also obviously disadvantageous whenever charg-
ing the catalyst to the hydrogenating vessel in-
volves pumping a slurry through pipelines from
a separate mixing vessel. A common expedient
to avoid these disadvantages has been to employ
finely divided metallic nickel deposited on light,
porous supports or carriers such as alumina,
pumice, kieselguhr, or activated carbon. How-
ever, in many cases such catalysts -are of in-
ferior activity, and have the added disadvantage
that the support often has an unfavorable effect
on specific hydrogenation reactions.

More recently cobalt has become of interest
commercially since active cobalt catalysts are
particularly valuable in the hydrogenation of
Inas-
much as cobalt has been suggested as a substi-
tute for nickel, cobalt catalysts have likewise
been made in the manner of the alloy-skeleton
nickel catalysts. Following the teachings of the
prior art, a 50-50 alloy of cobalt and aluminum
was prepared, powdered, and extracted with
caustic alkali solution. This catalyst, while very
active, was found to lack suspensibility. Since
the suspensibility of nickel catalysts is not im-
proved either by variations in the method of
preparing the catalyst or by variations in the
percentage of nickel in the alloy, it is clear that
the prior art provides no guide to the solution
of the problem of producing active, easily sus-
pensible metallic hydrogenation catalysts. It is
equally true that the provision of easily suspen-
sible cobalt catalysts having, in addition, high

" activity and selectivity is an important and
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pressing problem if the full advantages of cobalt
catalysts for certain hydrogenation reactions are
to be realized in large-scale operations. An im-
portant contribution to the art of catalyst manu-
facture is accordingly provided by the present
invention, which comprises the discovery of a
process for making active elementary cobalt
catalysts that are easily suspensible in liquids
without the aid of a carrier or support,
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V.. Accordingly, it is an object of this invention
to produce an easily suspensible metallic cobalt
catalyst. Another object is to provide a process
for preparing a cobalt catalyst that is highly
active and will remain suspended in the reaction
medium by simple agitation such as provided by
the passage of a gas through the reactants.
Another object is to produce a highly active
metallic cobalt catalyst that will not settle from
solution and cake.  Still another object.is to pro-
duce a finely divided, metallic, unsupported
cobalt catalyst that is easily suspensible. An-
other object is to prepare a cobalt catalyst that
will be usable in gas-agitated, liquid-phase hy-
drogenation equipment. Another object is to
produce a cobalt catalyst which will lack the
tendency to form difficultly dispersible sludges
in pipelines or reaction vessels. Another object
is to provide a cobalt catalyst that is more active
than the usual type cobalt catalyst. Other ob-
jects will be apparent from the following descrip-
tion of the invention.

These objects are accomplished by the follow-
ing invention which comprises alloying 25 to 35
parts by weight of ccbalt with 75 to 65 parts by
weight of pure aluminum, reducing the alloy to
a fine powder, and treating the powder with an
excess of caustic alkali solution to dissolve the
aluminum,

A cobalt aluminum alloy containing from 25
to 35% by weight of cobalt was prepared accord-
ing to a conventional procedure and ground.to
fine powder which passed through a 325 mesh
screen, The alloy was. treated by the following
procedure: One part by weight of alloy powder
was suspended in 4 to 41 parts by weight of
boiling water. To this suspension was added
slowly with stirring about 3 parts by weight of
40% caustic soda solution. After a small amount
of alkali had been added, a vigorous exothermic
reaction occurred which continued without fur-
ther addition of alkali for 30 to 50 minutes. Ap-
parently, the sodium hydroxide catalyzed the re-
action of water with aluminum to produce
aluminum hydroxide, which separated as a gray
sludge during this stage of the reaction. There-
after, the caustic solution was added at a more
rapid rate; one to two hours was usually suffi-
cient. During this addition the alumina grad-
ually redissolved leaving finely divided metallic
cobalt suspended in the solution. The latter
was digested for an additional 4 hours to in-
sure complete solution of the alumina and finally
allowed to settle. The supernatant liquid was de-
canted and the metallic cobalt sludge washed with
cold water by decantation two or three times to
remove most of the alkali and dissolved sodium
aluminate. Finally, the sludge was again boiled
with 3 parts by weight of 40% sodium hydroxide
solution for 4 hours. The resulting catalyst was
isolated by washing thoroughly with distilled
water until free from alkali and finally with 95%
alcohol. The catalyst was preferably stored un-
der absolute alcohol, These catalysts are char-
acterized by the following properties, which also
serve to distinguish them either from ordinary
alloy-skeleton cobalt catalysts prepared from al-
loys containing 50% cobkalt, or from alloy skele-
ton nickel catalysts made from nickel alloys ir-
respective of the percentage nickel in the alloy.

1. Low apparent density—The volume occu-
pied by a given weight of easily suspensible cobalt
catalyst after settling from an alcohol or water
suspension for several days is approximately
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twice that of an equal weight of standard alloy-
skeleton cobalt catalyst.

2. Uniform particle size.—This is evidenced by
the uniform rate of sedimentation as contrasted
with the standard catalysts, which largely tend
to agglomerate rapidly in lumps, leaving a cloudy
suspension of finer particles.

3. Ease of re-suspension.—These catalysts re-
quire very little agitation to re-suspend them in
liquids after settling. Similarly, suspensions are
maintained without dificulty with a minimum of
agitation such as might be provided by bubbling
a gas through the mixture.

‘4. Extremely fine particle size—This is evi-
denced by the jelly-like consistency of the cata-
lyst sludges, which in contrast to ordinary alloy-
skeleton catalysts have an apparent viscosity
very little greater than that of the liquid medium.
Further evidence is provided by the exceptional
efficiency of easily suspensible cobalt as a catalyst
for the hydrogenation of adiponitrile to hexa-
methylenediamine. Three to four parts will ac-
complish the same results as eight to ten parts
of regular alloy-skeleton cobalt.

Example I

An alloy of cobalt and aluminum was pre-
pared by mixing 70 parts by weight of pure com-
mercial aluminum with 30 parts by weight of

‘cobalt metal and heating with stirring at tem-

peratures above the melting point until a uni-
form composition was obtained. The alloy was
cooled and pulverized in a disc miil to obtain a
finely divided powder, preferably finer than 325
mesh. Two hundred twenty-six parts by weight
of the 325 mesh powder was suspended in 1000
parts by weight of distilled water and heated to
approximately 96° C. A solution comprising 300
parts by weight of sodium hydroxide in 450 parts
by weight of water was added to the alloy sus-
pension at a slow rate. After a small amount
of the caustic solution had been added, a vig-
orous reaction occurred with the evolution of
hydrogen and the formation of a precipitate of
hydrated aluminum oxide mixed with cobalt
metal. This reaction was exothermic and the
solution continued to boil without further addi-
tion of caustic over a period of 30 to 50 minutes.
Thereafter, the addition of caustic solution was
resumed at a much faster rate, 1 to 1% hours
usually being sufficient to complete the addition.
The resulting mixture was boiled for an addi-
tional four-hour period while maintaining the
volume constant by addition of small amounts
of water from time to time. Suspended material
was allowed to settle and the supernatant caus-
tic containing liquid decanted. The precipitate
was washed by decantation several times to re-
move most of the caustic solution and dissolved
sodium aluminate. Thereafter, 1000 parts of
water containing 227 parts of caustic soda were
added to the residue and the mixture boiled with
stirring for another four-hour period. The re-
sulting finely divided metallic cobalt sludge was
washed with water until free from alkali, then
with ordinary alcohol and finally with absolute
alcohol. The resulting product was suitable for
use as a hydrogenating catalyst without further
treatment.

_'The cobalt catalyst prepared as described above
differs markedly in properties from either cobalt
or nickel catalysis prepared by activation of al-
loys containing 50% of.the hydrogenating metal.
For example, this product when suspended in
liquids such as alcohol, water, adiponitrile, and
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the like wiil remain suspended indefinitely with
a minimum of agitation such as might be ob-
tained by passing a stream of gas through the
lquid. Similarly, on standing without agitation
the finely divided cobalt forms a jelly-like sludge,

- which can be re-dispersed with a minimum of

agitation. This effect is noted even after stand-
ing for periods as long as several weeks. The
apparent viscosity of the sludge is but little
greater than that of the medium.

An experiment showing the superior activity
of cobalt catalysts prepared by this process was
carried out as follows. One hundred parts of
pure adiponitrile, 7.8 parts of cobalt catalyst, and
75 parts of liquid ammonia were charged into a
high pressure reaction vessel. The mixture was
heated to 120° C. under a hydrogen pressure of
about 2000 to 3000 Ibs. per sq. in. A rapid reac-
tion, exothermic to 145° C., occurred and .the
absorption of hydrogen was complete - within
about 10 to 15 minutes. The reaction vessel was
cooled, the product removed, and the catalyst
separated by filtration. On distilling the cata-
lyst-free product, there was obtained a 95.9%
yield of pure hexamethylenediamine B. P. 104°
to 105° C./27 mm., 1.8% of hexamethyleneimine,
B. P. 135° to 137° C., and 2.1% of residue.

Ezxample II

The activity at low temperatures of the easily
suspensible cobalt catalyst referred to in Exam-
ple I was shown by the following experiment:
One hundred parts of pure adiponitrile, 75 parts
of liquid ammonia, and 5 parts of easily suspensi-
ble cobalt catalyst were charged into a high pres-
sure reaction vessel and subjected to a hydrogen
pressure of 2000 to 3000 lbs. per sq. in. The tem-
perature was gradually increased to 75° C. at
which temperature hydrogen was absorbed at
the rate of approximately 1000 pounds per hour.
On reaching 90° C. the rate of hydrogen absorp-
tion was very rapid and was complete within a
period of 1% hours. On working up the product
according to the procedure outlined in Example I,
there was obtained 1.2% of hexamethylenimine,
96.29% of hexamethylenediamine, and 2.6% of
high boiling residue. The yields referred to are
molecular yields. This experiment also demon-
strates that relatively small amounts of the easily
suspensible cobalt catalyst will promote the hy-
drogenation of adiponitrile at a satisfactory rate
and that under these conditions high yields of
the desired hexamethylenediamine are obtained.

Example IIT

One hundred parts of pure adiponitrile was
charged into an autoclave and hydrogenated in
the presence of 5 parts of the cobalt' catalyst
referred to in Example I at a pressure of 500 lbs.
per sq. in. and at a temperature between 50° and
110° C. Under these conditions the absorption
of hydrogen was complete within five hours and
there was recovered 9.3% of hexamethylenimine,
82.2% of hexamethylenediamine, and 8.3% of
high boiling residue. It will be noted that in this
experiment liquid ammonia was omitted from

" the reaction charge.

Exampie IV

Basily suspensible cobalt catalysts are also
adaptable to the partial hydrogenation of adipo-
nitrile to produce epsilon-aminocapronitrile. For

. example, 100 parts of adiponitrile was hydrogen-

" ated in the presence of 3.2 parts of cobalt catalyst

and 75 parts of liquid ammonia at 120° C. and
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a hydrogen pressure of 2500 Ibs. per sq. in. until
approximately one-half the theoretical amount
of hydrogen for the complete saturation of the

" nitrile groups had been absorbed. There was
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obtained on working up the product 1.0% of
hexamethylenimine, 18.3% of hexamethylene-
diamine, 42.4% of epsilon-aminocapronitrile,
B. P. 134° C./30 mm.,, and 36.1% of residue com-
prising unchanged adiponitrile and high-boiling
non-distillable products. It will be noted that
a very small amount of catalyst must be used
so that the reaction can be controlled to yield
the half-hydrogenated product.

Ezample V

By way of contrast to the easily suspensible
cobalt catalysts, a cobalt catalyst was prepared
from an alloy containing 50 parts by weight of
cobalt and 50 parts by weight of aluminum by
the conventional method of the prior art as
follows: Four hundred fifty-four parts by weight
of sodium hydroxide was dissolved in 2000 parts
by weight of distilled water. To the cold solu-
tion was added in small portions 454 parts of the
50-50 cobalt-aluminum alloy powder over a
period of 1 to 2 hours. From the time of the
first addition a vigorous reaction ensued and
the rate of addition of alloy powder was governed
by the rate of boiling. Thereafter, the reaction
mixture was boiled with stirring for a period of
four hours and maintained at constant volume
by adding small amounts of water from time to
time. Thereafter, the finely divided alloy pow-
der produced was recovereG according to the
procedure described under Example I.. In con-
trast to the unusual properties of the easily sus-
pensible cobalt catalyst the material obtained
by this procedure was heavy, formed a dense,
difficultly dispersible cake after settling from
liquids, and was comprised of particles that are
non-uniform in size. This was shown by the’
very erratic sedimentation rates noted when a
suspension was allowed to settle. The coarser
particles came out almost immediately, while
finer particles sedimented at vary slower rates
as evidenced by the formation of several cloudy
Iayers through the liquid.

The performance of this catalyst in the hydro-
genation of adiponitrile was shown as follows:
One hundred parts of adiponitrile, 8 to 10 parts
of the cobalt catalyst, and 75 parts of liquid am-
monia were charged into a high pressure reac-
tion vessel and treated with hydrogen at 120° C.
under a pressure of 2500 to 3000 lbs. per sq. in.
Under these conditions the absorption of hydro-
gen proceeded smoothly and was complete within
1% to 2 hours. On working up the product as
described above there was obtained 1.8% hexa-
methylenimine, 95.5% - hexamethylenediamine,
and 2.1% of high-boiling residue. It will be
noted from this experiment that both the per-
formance of the catalyst and the yield of desired
product were the same as those obtained with
approximately one-half as much easily suspensi-
ble cobalt catalyst. Furthermore, in the first ex-
periment described above, the use of 8% of easily
suspensible cobalt catalyst produced an exother-
mic reaction that was complete in less than 15
minutes.

Example VI

A cobalt-aluminum alloy was prepared by fus-
ing 75 parts by weight of aluminum with 25 parts
by weight of cobalt. The alloy obtained was
characterized by its somewhat malleable proper-
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ties which were in contrast to those of alloys con-
taining, for example, 30 to 50 pa.ts by weight of
cobalt. Obviously, the malleability of this alloy
was disadvantageous in reducing it to a finely
divided powder by conventional grinding meth-
ods. However, by repeated passage through the
mill, a substantial percentage of the alloy was
reduced to 325 mesh or finer. Activation of this
catalyst with sodium hydroxide solution accord-
ing to the procedure outlined in Example I pro-
duced a finely divided cobalt catalyst powder that
was for all practical purposes identical with that
obtained from 30-70 cobalt-aluminum alloys.
Hydrogenation of 100 parts of adiponitrile in the
presence of 75 parts of ammonia and 5 parts of
this catalyst gave molecular yields of 2.5%,
95.1%, and 2.9% of hexamethylenimine, hexa-
methylenediamine, and high-boiling residue, re-
spectively.
Ezxzample VII

A cobalt-aluminum alloy was prepared by
melting together 35 parts by weight of cobalt
metal and 65 parts by weight of pure aluminum.
The alloy obtained was indistinguishable in phys-
ical properties from the 50-50 cobalt-aluminum
alloy referred to under Example V. No difficulty
was encountered in reducing the alloy to a powder
finer than 325 mesh in conventional grinding
equipment. Activation of this powder by the
method described in Example I produced a finely
divided, easily suspensible, cobalt catalyst that
differed somewhat from that produced from
alloys containing 30% or.less of cobalt. It had
a tendency to separate from suspensions some-
what more rapidly; more effective agitation was
required to maintain suspensions in liquids; and
after settling from suspension the catalyst sludge
produced was g little more difficult to re-suspend.
However, this material was classified as an easily
suspensible cobalt catalyst since its properties
were still in sharp contrast to those of cobalt or
nickel catalysts prepared by the conventional
prior art method from 50-50 alloys. This cata-
lyst had the characteristic high activity of easily
suspensible cobalt catalysts as shown by hydro-
genating 100 parts of adiponitrile in the presence
of 8 parts by weight of catalyst and 75 parts by
weight of liquid ammonia at 120° C. under a
hydrogen pressure of 2000 to 3000 lbs. per sq. in.
Under these conditions the reaction was complete
within 25 minutes, and there was obtained 2.1%
hexamethylenimine, 96.2% hexamethylenedi-
amine, and 2.9% of high boiling residue.

Although certain definite alloy concentrations
and methods for catalyst activation have been

disclosed in the above examples, these factors -

may be varied somewhat within the scope of the
invention. For example, the invention contem-
plates the preparation of alloy-skeleton cobalt
catalysts from alloys containing from about 25%
to about 35% by weight of cobalt and correspond-
ing amounts of a metal, such as aluminum, which
is readily attacked by caustic alkali solutions.
The selection of a particular alloy within this
range will be governed largely by the properties
of the catalyst desired and by the type of equip-
ment in which it is to be used. Generally speak-
ing, cobalt catalysts prepared from alloys con-
taining less than about 25% of cobalt are im-
practical and uneconomical owing to the low
weight .yield of catalyst obtained from a given
amount of alloy. Moreover, alloys containing
relatively large percentages of caustic alkali-solu-
ble metals are soft and malleable rather than
brittle, This adds greatly to mechanical difii-
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culties in grinding the material to the requisite
fine powder. On the other hand, catalysts from
alloys containing more than about 35% by weight
of cobalt are undesirable, since they no longer
possess in a marked degree the characteristic
properties of the easily suspensible catalysts de-
scribed herein. These properties are largely
governed by the cobalt content of the original
alloy, and 35% of cobalt represents the maxi-
mum limit above which the catalysts obtained
differ but little from ordinary alloy-skeleton
catalysts prepared by the preferred methods of
the prior art.

The preferred procedure for treating the alloys
of this invention is described in the examples.
Nevertheless, other procedures can be used as
long as sufficient caustic alkall is employed to
insure complete removal of all alkali-soluble com-
ponents of the alloy. A second caustic digestion
is particularly beneficial. This invention is not
restricted to the use of aluminum as the alkali-
soluble metal. Other suitable metals include
cilicon, zine, and tin. These metals may be used
to replace aluminum, wholly or in part. It is
sometimes advantageous to employ various com-
binations of these metals alloyed with cobalt.

The easily-suspensible, alloy-skeleton, cobalt
catalysts as prepared by this invention are pyro-
phoric in nature. These catalysts may be stabil-
ized by exposure to an oxidizing atmosphers
while maintaining the catalyst mass at a temper-
ature below 50° C. The invention is restricted
v0 the preparation of cobalt catalysts, since other
hydrogenating metals, such as nickel, fail to give

3 easily suspensible products. This is clearly dem-

onstrated by the following experiment: Two
hundred twenty-five parts 30-70 nickel-alum-
inum alloy ground to 325 mesh was suspended in
1000 parts of boiling distilled water. Three
hundred parts of sodium hydroxide dissolved in
400 parts was added during a period of two hours.
After treating the suspended material further by
the procedure of Example I, there was obtained.
about 65 parts of finely divided nickel powder.
‘This product was but little different in properties
from alloy-skeleton catalysts made from 50-50
nickel-aluminum alloys.

The cobalt hydrogenation catalysts of this in-
vention are particularly valuable for use in gas-
agitated, liquid-phase hydrogenation equipment
owing to their unique suspensibility and lack of
tendency to form difficulty dispersible sludges in
pipelines or reaction vessels. Similarly, owing
to the extreme fineness of subdivision of these
catalysts, they are substantially more effective
than ordinary elementary cobalt catalysts. ¥or
example, five parts of easily suspensible catalyst
will accomplish' the same results as ten parts of
ordinary cobalt alloy-skeleton or supported cata-
lysts in the hydrogenation of adiponitrile to
hexamethylenediamine. All of these factors ac-
rorcdingly combine to minimize catalyst consump-
tion and materials losses and serve to improve
the operating efficiency of commercial hydrogen.
aticn equipment.

It has been demonstrated that cobalt catalysts
give superior results in certain hydrogenation
reactions wherein amines are produced. For ex-
ample, cobalt is better than nickel for converting
dinitriles to diamines, and aromatic amines to
hydroaromatic amines. Easily suspensible co-
balt catalysts can be substituted advantageously
for other kinds of cobalt catalysts in these proc-
esses. The catalysts of this invention are par-
ticularly suitable for use in the hydrogenation of
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adiponitrile to hexamethylenediamine. This

process is conveniently carried out with 6 parts -

or less of catalyst at temperatures between 50°
and 170° C. and hydrogen pressures above 30 at-
- mospheres, preferably in the presence of a molec-
ular excess of ammonia. Easily suspensible cobalt
catalysts may also be employed to advantage in
many hydrogenation processes wherein the use
of catalyst supports such as pumice, kiéselguhr,
alumina, and activated carbon is undesirable.
By the term “alloy skeleton catalyst” as used
herein and in the claims I refer to the class of
catalysts which are derived from alloys of a
catalytic metal with at least one alkali soluble
metal, said catalysts being obtained by grinding
said alloys to a fine powder and extracting sub-
stantially all of the alkali soluble component,
thereby leaving a skeleton of the original alloy.
It is apparent that many widely different em-
bodiments of this invention may be made without
departing from the spirit and scope thereof and

therefore it is not intended to be limited except

as indicated in the appended claims.
- I claim:

1. An easily suspensible alloy-skeleton cobalt
catalyst obtained by extracting substantially all
of the alkali soluble metallic component from &

- finely ground alloy of cobalt and an alkali soluble
metalﬁ:i%id alloy containing 25 to 35% by weight
of co . ' :
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2. An easlly suspensible alloy-skeleton cobalt
catalyst obtained by extracting substantially all
of the aluminum from the finely ground alloy of
cobalt and aluminum, said alloy containing 25 to
35% by weight of cobalt.

3. A process of making an easily suspensible
cobalt catalyst which comprises: preparing an
slloy of cobalt and an alkali soluble metallic
component, said alloy containing 25 to 35% by
weight of cobalt, grinding said alloy to a fine pow-
der, and extracting the.alkali soluble metallic
component with a solution of caustic alkall.

4. An easily suspensible pyrophoric alloy-
skeleton cobalt catalyst obtained by extracting’

substantially all of the aluminum from the finely . .

ground alloy of cobalt and aluminum, said alloy
containing 25 to 35% by weight of cobalt.

5. The process in accordance with claim 3
characterized in that the alkali soluble metallic
component in the alloy is aluminum. '

6. The process in accordance with claim 3
characterized in that the caustic alkali solution
is an aqueous caustic alkali solution.

7. The process in accordance with claim 3
characterized in that the alloy is a cobalt-alu-
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