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PRbCESS FbR.THE PREPARAIIGN OF A CATALYST FOR THE
HYDROGENATION OF NITRILES TO AMINES AND USE OE-
THIS CATALYST IN HYDROGENATION
The present invention relatss to the field of

the catalytic hydrogenation of nitriles to amines and,

. ‘more part1cular1y, of din;tr;les such as adiponitrile

(ADN) to diamines such as hexamsthylenedlamine (HMD) or

to aminonitriles such as aminocapronitrile.

More precisely, the pressnt invention relates
to a process for the preparation of a oatalet'for the
hydrogenation of nitriles to amines of Raney nickel |
type doped with at least one additional metal elemenpl
selected from columns IVB, VB and VIB of the periodic
classification.

It a1so relates to ths catalysts obtained by
implementation of this process and a final subject is
an application of these catalysts.in catalytic
'hfdrogenation of nitriles to amines and, more

precisely, but non-limitingly, of adiponitrile to

 hexamethylenediamine.

Catalytic hydrogenation has been carried out
for a consideraSIe time using ﬁaney nickels, which are
obtained by alkaline leaching of alum;nlum-rich Al-Ni
precursor alloys, the leaching normally having the
effect of causing the removal of most of the alum;nium.

The finished catalyst exists in tﬁe form of

‘agglomerates of finely-divided nickel crystallites

which are characterized by a high specific surface and
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a variable-residual dluminium content.

Conventionally, the_parameters-which make it
possible to assess the behaviour of a catalyst are the
activity, the selectivity and the stability Wlth time.

In an attempt to optimize these properties in'
Raney‘Ni hydrogenation catalysts, it has been proposed
to add to them promoters or doping agents which are
additional metal elements chosen from transition metals
in the periodic classification. (especially iron,-
cobalt, chromium, molybdenum, zirconium, tantalum or
titanium) .

According to a first, .so-called "metallurgic"
route, the doging or the incorporation'of promoter“in
catalysts of:Raney nickel type is carried out at.the
stage of the_NifAl precnrsor alloy, before alkaline

attack. Introduction of the doping agent into the alloy

‘is carried out in the molten state.

The article by B. N. Tyntyunnikov, "The .

Soviet Chemical Industries, No. 6, June 1971, pages 380

to 382", as well as the written work by Freidling

et al.,-“Russian Chemical Reviews, Vol. 33, No. 6,

June_1964,_pages 319 to 329", are prior bibliographic

references which relate to-Raney Ni~catalysts doped

with at least one transition metal by the metallurgic
route. These known catalysts are not generally more
satisfactory as regards activity, selectivity and
stability with time. Thus, the catalysts disclosed in

Tyutyunnikov et al. seem relatively specific for
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monbnitriles derived from fatty_acids dontaining 7 to
20 carbon atoms. However, this is not evidence of
efficiency as regards, for éxample; dinitriles.

The Raney-Ni catalysts doped and described by
Freidling et_a;.'hre active oﬁ dinitriles but their
selectivity with :espedt.to the substrates remains low.

Finall?, the:hydrogénation reaction'conditions required

. for these catalysts'(Ni/AIITi) are not idgal'on an

industrial scale: temperature of 140 to 180°C, hydrogen
pressure of 140 bars and reaction mediﬁm conéisting of
n-butanol + ammonia. |
Moreover, a second route for dopiﬁg the
hydrogenation catalyst of Raney nickel type is knowp,
described espécially by Takagi and Yamanaka in |
ngcientific Papers_I{P.C.R. - Tokyo, 55 (1961), 105-
108". |
These writers propose to improve the acti#ity _
and selectivity of catalysts of Raney nickel type by
gddition'of vaﬁious metal salts (copper; cobalt or
chromium nitrates, ammonium molybdate, sodium tuﬁgstate
or ferric chloride) during the stage of alkaline atﬁack
on the precursor alloy. The nitrile to be hydrogenated
tésted in these experiments is_acetonitrile. According
Ito this document,'the doped catalysts used would have
an increased activity with respect to their.noﬁ-doped
homologues.'These reports aré questionable because they
are ﬁade solely on.the basis of visual observation of

curves of the change in hydrogen consumption.
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It should additionally be known that the
incorporation of.these metal salts in.the alkaline
leaching medium is capable of interfering with the
process of preparing the catalyst.

T. Koscielski et alL have disclosed, for
their part, in "Applied Catalysis, 49 (1989), 91-99,
ESP BV", the doping of Raney Ni uéing solutions of
CrCl, in -alkaline medium (NaOH), so as to deposit
finely-&ividéd Cr(OH)3 on the catalyst.'The ;atte:‘is
active in the hydrogenation of cyclohexene,
acgtophenone and glucose. This teaching therefore does

not apply to the hydrogenation of nitriles to amines.

The Crfdoped catalysts described in this prior doéument

are noﬁ, in fact, outstandingly effective in this type

of hydrogenation.

In this state of the art, one of the
essential objectives of the present invention is to
provide a process for thé preparation of doped
datalysts'of Raney Ni type for the catalytic

hydrogenatidh of nitriles fo amines and preferably of

dinitriles to diamines or to aminonitriles.

Another objective of the invention is to

proﬁide a process for éhe preparation of such a

caﬁalyst which is convenient tobimplement and economic.
Anothef objective of the'invention is to

provide a procesé for the prebaratiog of doped Ranéy Nij

catalysts which are active, selective and stable in the

context of the hydrogenation of nitriles to amines and
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preferab1y~of diniﬁriles to diamines or to.
aminqnitriles.. |

Ahother-objectiﬁe of the invention is to
provide a hydrogenation process which makeﬁ.use of
these catalysts and which maﬁes it possible in
particular to adhieve seleétivities for
hexamethylénediamine from adiponiirile which are
greater than.SS%.

To achieve these objectives, the Applicant

'company has had the credit of demonstrating, entirely

surprisingly and unexﬁectedly, that the doping of Raney
Ni with ﬁransition metal .elements must advantageously

be carried out on the finished catalyst using a . -

. solution of the said metal element.

The present invention thus relates to a

process for the preparation of catalysts for the

fhydrogenatiop of nitriles to aﬁines of Raney nickel

type doped with at least one additiomal metal element
selected frqm'columﬁs IVB,.VB and VIB of the periodic

classification, characterized in that it gonsists in

 suspending Raney nickel in a solution, preferably an

acid soiution, of the édditional metal element.

Such a process a;rangement prcmotes_the

" incorporation of the input metal element on the

catalyst. Without wishing to be bound by Eheory, it

‘seems, in fact, advantageous for the nickel to be .

slightly gttécked by H* jons of the acid solution.

Within the meaning of the invention, the term
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" acid corresponds to a solution whose pH is less than or

equal to 7 and;preferahly greater than or equal to 0.5.
A pH of between'l ahd 4 gseems to be '
particularly eppropriate. ‘
In other words, the.desirable acidity'is that -
corresponding to a normality of between 0.3 and 0.5N.
This ecidity_can be introduced by the dopihg
element as such, by a vehicle of this doping element or
else alternatively by an acld-generating adjuvant -
and/or addltional acid.
| - In accordance with the inrentioh,.it is
preferable for the doéing element or additional metal
element used to be provided in the form of oxides.or of

selts._preferahly inorganic acid salts or organic acid

' salts.

Inorganlc acid salt denotes all conjugate.
ions of strong ac;ds (such as, for example, HCl, H,S0,
or HNO;) or of weak 1norgan1c acids such as acid
phosphates. |

Mention may be made, as examples of orgahic
acid salts,'of:_acetates, phthalates, adipates,
citrates, tartrates or malonates.

The oxides also constitute support means for
the doping.agent, ﬁith a view to its incorporation in
the Raney nickel catalyst. It can concern monoxides,
dioxides, trioxides or others.

. The chlorides, 1nc1ud1ng especlally TiC13,

and the oxzdes are particularly preferred.
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To campleﬁent-or in place éf the vehicle of
the doping agent or of the doping agént itself, in
order to provide the medium with acidity, i; is
possible, in accordance-ﬁith the invention, to uéé an

acid and/or acid-generating additive such as, for

- example, HCl, H,SO,, H;PO,, CH;COOH, and the like. In

this case, it concerns a simple acidity adjustment step
which is entirely within the capacity of ﬁhose_skilléd
in the art. . ' '

It should be considered that the acid nature

" of the médium for the'éreparation of the doped Raney Ni

catalyst corresponds to a preferred, but non-limiting,

‘embodiment of the p:océss according to the invehtiqn.

- The a&sorption of dOping elements on the Nial

catalyst according to the above embodiments makes it

possible to result in a particularly active

Ni/Al/doping agent catalytic unit which is selective
‘with respect to nitriles and, in particular, with

respect to dinitriles such as adiponitriie.

This catalytic unit is als& véry stable with

'time-and'generates only very small amounts of
-hydrogenafioﬁ impurities. This is particularly

‘advantageous because, in certain cases, these

impurities are very_diffiéult'to separate from the
targeted amine. Mention may be made, as aﬁ example of
such impurities, of diaminoéyclohexané, a compound |
which has substantiaily thelsaﬁe boiling temperature as

hexamethylenediamine resulting from the hydrogehation
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of adiponitrile.

According to another advantageous arrangement

‘of the process according to the invention, the

_operation of placing in suspension is followed by a

washing, preferably-with watef, of_the Raney nickel at
least pértly doﬁed ﬁith'the additional metal élement,.
at least one of thége two operatiéns optionaiiy being
repeated n ;imes, ﬁ advantageously Being bétwegn 1 and'
5. | | '
In order to peffect_the dbping of the Rénex

Ni catalyst suspended in the, preferably acid, solution

of doping agent, it is therefore important to wash it

. well with water, the washing being repeated until the

wash liquors are clear and neutral.
A number of successive operations of

suspending the Raney Ni in the solution of doping agent

‘can also be envisaged within Ehe context of the prodess

according to the invention.

The doped_R#ney catalyst obtained is
colleéted after washing and is then stored, preferably,
in a strong base such as, for example, NaOH, KOH or
other alkali metal hydroxides. |

In accordance ﬁith a variant of the

~invention, the Raney nickel, which is or is not doped,

suspended in a solution of at least one additional

metal element, is subjected to an alkaline leaching

treatment carried out at a temperature greater than or |

equal to room temperature, preferably between 50°C and
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200°C and, more preferentially still, between 80°C and

120°C, this leaching optionally being carried out under

‘a hydrogen pressufe of between 0.1 and 20 MPa,

preferably between 1 and 5 Mfa and, more prgferentially
still, between 1.5 and 3'MPa:

| In practice, this complementary treatment
consists in placing the doﬁed or.ﬁon-doped catalyst in
an alkéli metal hydroxide solution of (sugh'ag sodium

hydroxide solution or the like) and in heating to

. approximately 100°C with stirring-and.under a hydrogen

pressure of approximately Z.S.MPa.

After this high-temperature alkaline attack,
the catalyst is rinsed with alkali metal hydroxide
solutions of decreasing assays aﬁd then ﬁith watgr'
until the wash liquors are neutral.

In thg same way as above, storage of thé

Ni/Al/doping agenticatalyst is carried out in a strong

‘base such as sodium hydroxide solution or the like

(1N) .
| Titanium is preferentially adopted as

additional metal element. One of the corresponding

. appropriate vehicles is TicCl;.

It appeared particularly advantageous to dope
the Raney Ni catalyst until doping agent/Ni ratios of
between 0.5% and'S%, preferably between 1% and 4% and,

more preferentially still, between 1.2% and 3% by

. weight were obtained.

According to agothér embodiment of the
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process for the preparation of the catalyst in
accordance with the invention, the incorporation of two
doping elements ef different nature, for example
titanium and chromium, can be env;saged.
Another subject of the present invention is a

process for the catalytic hydrogenation of nitriles to

amines in which the doped Raney Ni catalyst obtained by

the process ‘of the invention described above is used.

h By_virtue of the catalyst resulting'from the
process according to the inventien, the hydrogenation:
of nitriles to amines takes place pafticularly well and
makes. it possible to_acﬁieve entirely'satisfactory
activity and selectivitf behavieur. Moreover, it is
nioted that the production of impurities remains
limited.

The pfeparatiou ef a doped Rauey Ni catalyst
and its applicatiou to the catalytic hydrogenation of
nitriles to amines more particularly relate to
dinitriles of formula (I):

NC-R-CN (@)
in which.R represents a linear or branched alkylene or

alkenylene'group having from 1 to 12 carbon atoms or a

substituted or unsubstituted arylene or aralkylene or

aralkenylene group.

Use is preferably made in the process of the
invention of dinitriles of formula (I) .in which R
represents a linear or branched alkylene radical having .

from from 2 to 6 carbon atoms.
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Mention ﬁay be made, as exampies of such
dinitriles, of especially adipoﬁitrile,
methylglutaronitrile; ethylsuccinonitriley
maloﬁonit:ile, succinonitrile and glutaronitrile and
their mixtures,'especiallf thé mixtures of'adiponit:ile '
énd/or methylglutaronitrile and/orlethylsuccinonitrile
which arise from the same p:ocess.fbr the synthesis of
adiponitrile.

In practice, the case where R = (CH,), -

represents an overwhelming opportunity because this

corresponds to the conversion of ADN: -

" _ either to HMD, a diamine which donstitutes
one of the basic monomers in the manufactufe of -
polyamide-6,6,

| -. or to aminocapronitrile, which makes it

possible to obtain caprolactam, which is a precursor of

" polyamide-6.

Introduction of the nitrile substrate, for
example adiponitrile, into the feaction medium is

carried out while observing a concentration of between

. 0.001% and 30% by weight with respect to the. total

weight (w/w) of the reaétiqn medium and preferably
beﬁweep 0.1% and 20% w/w.

The'strong base used is preferably'chésen
from the following compouﬁds: LiOH, NaOH,-KOH, Rbe,
CsOH and their mixtures;, o

In préctice;_useiis preferentially made of

NaOH and KOH, for a good compromise between performance
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~ and price{ although RbOH and CsOH give even better

results.

The hydrogeﬁation reaction medium is
preferably liquid. It contains at least one_solient
capable of diésolving the nifrilelsubstrate to be
hydrogenated, it beinglknown that thig conversion takes
place more readiiy when the said substrate is in
solution.

. _According to an advantageous embodiment of
the process according'to the invention, use is made of
an at leést partially aqueous iiquid reacﬁion medium.
Water is-genérally pfesent in an amount less than.o;

equal to 50%, advantageously less than or equél-topzo%,

'by weight with respect to the total reaction medium.

Mbre'preferentiaily still, the water content of the'
reaction medium is-between 0.1 and 15% by weight with
respect to all thé_constituég;é of the said medium.

~ To complement or'sﬁbs;itute for the wﬁter; it
is possible to provide at least one other solvent, of
alcohol and/or amide type. Alcohols which are more
particularly suitable are, for example, methanol,
ethanol, p:opaﬁol;.isop;opanol, butanol, glycols, such -
as éthylene and/or propyléne glycol,lpolydls and/o;
mixtures of the said compounds. B .

In the case ﬁhe:e the solvent consists of an

- amide, it can be, for exaﬁple, dimethylformamide or .

dimethylacetamide.

‘When it is’uqed with water, the solvent,
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which is pfeferably alcoholic, represents from two to
four parts by weight-per one part by weight of water
and preferably three parts per one part of water.

According to .another preferred characteristic

of the invention, the amine whose preparation is

- targeted by the process is incorporated in the reaction

medium. It is, for example, he#amethylenediamine when
the nitrile substrate is adiponitrile. "

| The concéntraéion of the targeted amine in
the reaction medium is advantaéeouély betweenfso% and
99% by weight with resbect to all the sélvent included
in the said reaction medium and, more preferentially
still, is between 60% and 99% by weight. -

| The amount of base in the reaction ﬁgdiuﬁ

varieS'accordiné to the nature of the reaction medium.

When the reaction medium contains only'water-

" and the targeted amine as liquid solvent medium, the

-émount of base is advantageously greater than or equal

to 0.1 mol/kg of cataiyst, preferably between 0.1 and

2 mol/kg of catalyst and more pfeferentially still

between 0.5 and 1.5 mol/kg of -catalyst.

In the case where the reaction;mediﬁm.'
cdmprises water and éh alcohol and/or an amidé, the' ;
amount of base is greétef'than or equal fd 0.05 mol/kg
of cgtalyst, is preferably between 0.1 and 1@.0 mo}/kg :
and more preferéntially still between 1.0 and . |
8.0 mol/kg.

Once the composition of the reaction medium
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and the choice ofnﬁhe catalyst haﬁe been”decided on,
these two éomponents are mixed an&-this mixture is then
heated at a reactipn'température less than or equal to
150°C, preferably less than or equal to 120°C and, more
preferenﬁiaily still; 1ess-tﬁan or'equal to 100°cC.

In cdncreﬁe-terms, this temperature is
between room tempe:atu;e (?ppréxiﬁapely 20°C) and
100°C. | ’ |

| | Prior to, simultaheously with or sﬁbsequent
to the heating,_the regétion chamber. is brought to the
appropriaté hydrogen pressure, that is .to say, in
practice,'between.o.;o and 10 MPa.
' “The duration of the reaction is ?ariéble_
#ccording to the reaqtion'condition; and the catalyst.
| In a non-contiﬁuous_operating mode, it can
vary from a few minutes to a number of hours.
~In a continuéus operating mode, wﬂich iﬁ is
entirely possible to eﬁvisage ior the process accordiﬁg
to the'invehtion, the-duration is Bbviously not a
parameter which can be set. | |
| ‘It should be noted that a person skilled in
the art can adjust the chronology of the stﬁges'of the
process accﬁrding to the. invention, according to the
operatiﬁg conditions. The order given abové only
corresponds to a préferred, but non?limiting; form éf
the process according to the iﬁvention.
The other conditio#s which govern the

hydrogenation (in continuous or non-continuous mode) in
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accofdance with the-inventioh involve technical

"arrangements which are conventional and known in

themselQes.
The examples which follow of the preparation

of doped Raney Ni catalysts and of the hydrogenétion of .

. ADN to HMD will make it possible to understand the

invention better. All the advantages of the invention

. and some of its variants will also emerge from the

examples}

EXAMPLES

Example 1 : Preparation of an Ni/Al/Ti catalyst,
herelnafter denoted by the reference A _

A purple solution containing 1.8% of TiC13 in
1.2% HCl is prepared in a 25 ml volumetric flask filled
with argon. | | |

Apﬁroxiﬁatél& 5 g of non-d@ped Raney Ni,
obtained convehtionélly by'leaching_a comﬁeréial 50/50
by weighg Ni/al precursbf alloy with sodium hydroxide :
solution, are withdrawn. Tﬁey are rinsed with 20 ml
portions-of'water until the wash liquors are neutrai.
3.44 g of this wet catalyst are weighed in ﬁ pycnometer
and are placed in a ;Oo.ml round-bottomed flask. The
round-bottomed flask is pufgea witﬁ argon. 20 ml of the
TiCl, solution are thep‘introduced onto the catalyst.
The reaction'medium is'placed under a stream of-argoh
and stlrred for 1 hour. The solution very qu1ck1y

becomes green.
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~After 1 bour, the catalyst A is washed with
water until the wash liquors are clear and-neutrai..
This catalyst A, thus doped with titanium, is stored in
IN sodium h&drpxide solution.

The catalyst A has a Ti/Ni ratio by weight of

'1.6%.

Example 2=-Ezdrogena£ion_of adiponitrile (ADN) to
hexametﬁxlenediamine (EMD) with the catalyst A

The catalyst A of Exampie 1 is withdrawn and
washed 4 times with épproximately 20 ml of water (until
the wash liquors ;re neﬁtral)l Approximately 0.4 g dﬁ.
this catalyst is weighed'precisely in a pycnomgter.

6 g of adiponitrile are introduced, using a
syringe, into a drbpping funnél connected to an
autoclave biﬁ'a leakproof pipe. The droppihg funnel is
élosed, purged and a hYdrbgen pressure.of 2.5 MPa is
established. | |

525 ul of 2N sodium hydroxide solution,

1475 pl of wﬁter agd, aftéf having £filled the autoglave
with argoh, 40 g of solvent cdnsistin§ of HMﬁ, ethanol

(EtOH) and water (63/31.5/5.5 by weight respectively)

are placed in the autoclave equipped with a stirrer
syétema The medium thus contains 0.1% by weight of NaOH

with respect to Ehe total mass of solvent.

0.4 g of catalyst is then introduced into the

autoclave, which is then carefully closed and purged 2

‘times with nitrogen..z.S'MBa of hydrogen are then
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introduced and heating is carried out to 80°C. After
having reached this temperature, stirring is begun and

the adiponitrile contained in the dropping funnel is

run into the autoclave. The end of the reaction is

detected by the stabilization in the hydrggeh
consumption.
The'reection lasts 47 minutes.

Chromatographic analysis of the hydrogenate makes it

'possible,to'calculate the yield of the reaction. ..

The selectivity (8) for HMD as a percentage
is given by the relationship: 100 - sum of the

selectivities of the by-products. In fact, as HMD is

1used in the reaction solvent, it cannot be airectly_

quantitatively determined very precisely. On the other
hand, it has been verified that the by-products, taken
as a whole, are ail‘identified..

The_selectivities for each of the by—producte

are represented by the molar percentage of the

'by-product formed with reepect to the converted ADN. In

all the examples and cambarative tests carried out, the
degree of conversion of the ADN (as well as that of the
intermediate aminocaprohitrile) is 100%. | |
The seleetivities are the follewingz HMD =
97.18%; HMI (Hexamethyleneimine) = 0.38%;
pCH:(Diaminocyclohe¥ane) = 0.04%;
AMCPA'(Aminomethyléyclopentylamine) = 0.05%;
NEtEMD (N-Ethylhexamethylenediamine) = 0.07%;

BHT (Bishexamethylenetriamine) = 2.27%.
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Example 3 =.Pregaration of an Ni/Al/Ti catalyst,

 hereinafter denoted by the reference A,

Part of the catalyst A of Example 1l is
withdrawn and placed with 30 ml of 6N sodium hydroxide
golution in a 150 ml reactor. The medium is heated at
100°C under 2.5 MPa of hydrogen with stirring for
1 hour. | h

The catalyst A, obtained is then rinsed with

10 ml of 3N, 2N and 1N sodium hydroxide solution and 3

times with 10 ml of water until the wash liquors are

‘neutral. It is then stored in 1N sodium hydroxide

sblution;

Example -4 : Hydrogenation of ADN to HMD with A,
The catalyst A; of Example 3 is used as in

Example 2. The reaction lasts 23 miﬁutes,

Chrematographic analysis of the hydrogenate makes it

possible to calculate the following selectivities:

HMD = 96.81%; HMI = 0.28%; DCH = 0.33%; AMCPA = 0.05%;

' NEtHMD = 0.05%; BHT = 2.04%.

Example 5 : Eregatatien-of an Ni/Al/Cr catalyst,
hereinaftet denoted by the reference B.
2.22 g of CrCl, are weighed in a 25 ml

volumetric £lask and the_volume is made up to 25 ml

‘with water.

5g¢g of non-doped Raney Ni of Example 1 are

placed with 10 nl of water and 10 ml of CrCl; solution
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iﬁ a round-bottqmea flask. The medium is stirred for

75 min. The catalyst B is then washed with water and

then again placed in the round-bottomed flask in 10 ml

of water and 10 ml of the CrCl; solution for 75 min.

Finally, the catalyst B is recovered and washed to

‘neutrality with 6 times 50 ml of water and stored in 1N

sodium hydroxide solution.

The catalyét B has a Cr/Ni ratio by yéight of
3.5%. | '_ '

Part of éhis catalysé B is withdrawn,.placed
in 30 ml of 6N sodium hydroxide solution in a 150 ml

reactor and is then heated at 100°C with stirring and

‘under 2.5 MPa of hydrogen for 1 hour. The catalyst B,,

thus treated, is recovered and rinsed with 10 ml of 3N
sodium hydroxide solution, then of 2N sodium hydroxide
solution, then of N sodium hydroxide sglution and

finally with 3 times 10 ml of"ﬁater until the wash

-iiquors are neutral. It is then stored in N sodium

hydfoxide solution.

Example 6: Hydrogenation of ADN to HMD with B,
The catalyst B, of Example 5 is used as in

Example 2. The reaction laétg 56 minutes.

,Chromatographiq analysis of the hydrogeﬁate makes it

possible to calcu;éte the following seleétivities:

' HMD = 95.24%; HMI = 0.66%; DCH = 0.05%; AMCPA = 0.03%; .

NEtHMD = 0.08%; BHT = 2.24%.
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Example 7: Preparation of an Ni/Al/Cr catalyst,
hereinafter denoted by the refgrence c-

0.85 g of CxO; are weighed in a 25 ml
volume;ric flask énd thé volume is made up ;0-25 ml
with water. An orange CrO, s&lution is obtained with a
concentrétion of 0.34 mol.l7l, | |

5 g of nop-dpped Raney ﬁi of Example 1 are
placed inllo ml of water and 10 ml of the'Cros_solution
in.a réund-hoftamed,flask. The medium is stirred -for
75 min. The catalyst is-then washgd with water aﬁd then

again placed in the round—bottoméd flask in 10 ml of

.wate; and 10 ml of the CrO; solution for 75 min. The

catalyst C, thus treated two times with the chromium
trioxide solution, is now transferred with 30 ml of 6N
sodium hydroxide solution into a reactor and heated at

100°C with stirring and under 2.5 MPa of hydrogen_for 1

~hour. It is. recovered, rinsed with 10 ml of 3N sodium

hydroxide solution, then of 2N sodium hydroiide

- solution, then of N sodium hydroxide solution and

finally with 3 times 10 ml of water. It is then stored
in N sodium hydroxide solution. _

The catalyst é has a Cr/Ni ratio by weight of
2.1%. -

Example 8 : Hydrogenation of ADN to HMD with C-
The catalyst C of Example 7 is used as in .
Example 2. The reaction lasts 1 hou: 50 miﬁutes.'

Chromatographic analysis of the hydrogenate makes. it
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possible to calculate the following selectivities:
HMD = 96.13%; HMI = 1.05%; DCH = 0.09%; AMCPA = 0.03%;

NEtHMD = 0.05%; BHT = 1.79%.

Example 9 : Preparation of aﬁ Ni/Al/Cr catalyst,
hereinafter denoted bi-the reference D

| 2.15 g of non-dqﬁed Ranéy Ni of Example 1 are
placed in an autoclave with 3 ml of water, 4.5'm1 bf
the Cr63-solution prepared as in Example 7 ana 30 ml of
6N sodium hydroxide_solutibn;_The<entire mixture is
heated at 100°C under 2.5 MPa of hydrogen'aﬁd with

stirring for 1 hour. The catalyst D, thus doped, is

then rinsed with 10 ml of 3N sodium hydroxide solution,

then of 2N sodium hydroxide solution, then of N sodium
hydroxide solution and finally 3 times 10 ml of water.
It is stored in N sodium hydroxide solution.

‘The catalyst D has a Cr/Ni ratio by weight of

R .1-5%-
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CLAIMS

/;///;;/////////////ﬁi | .. . _
L it

‘1. Process for the preparation of catalysts
for the hydrogenation of nitriles to amines of Raney

nickel type doped with at least cne'additional metal

_element selected from columns IVB, VB and VIB of the

periodic classification, characterized in that it
consists in suspending Raney nickel in a solution,

preferably an acid solution, of the additional metal

‘element.

2. Process accordigg to claim 1,.
characterized in that the additional metal element is
selected from column IVE of the peiiodic .
classification. N

3. Process accordihg to either of claims 1
and 2, characterized in that the additional metal
element qsed_is provided in tha oxide o:.indrganic'acidl
salt or organic acid salt form.

4. Process according to claim 3,
characterized in that the ‘additional metal element is
provided in the chloride and/or oxide form, TiCl, being
particularly preferred. :

5. Process according to any one of claims’l

to 4, characterized in that the operation of placing in

. suspension is'followed by a washing, preferably with

water, of the Raney nickel at.least'partly'doped'with
the additional metal element, at-least one of these two
operations opticnally being repeated n'times, n

-
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advantageously being between 1 and 5.

. 6. Proeess according to any one of claims 1
to 5, characterized in that the doped'Ranef Ni.catalyst
is collected and stered; preferably; in a strong base.

7..} Process eGCOrding to any one of claims 1
to 6, characterized in that the Raney nickel, suspended
in a solution of at leest_one additional metal element,
is subjected to an alkaline leaching treatment carried
out at e eemperaeure;gfeater than or equal to room
temperatufe, preferably between 50°C and 200°c and mere
preferen;iaily still between 80°C and 120°C, this
leaching optionally being cafried out under a hydrogen
pressure of between 0.1 and 20 MPa, preferably between
1 and 5 MPa and more preferent;ally st111 between 1.5
and 3 MPa. .

8. 'Process accordiﬁg te any one ef claims 1
to 7, charaeperized ih'that the amount-of additional
metai element used and the reaction conditions are
chosen so that ﬁhe eatalysts obtained have a doping
agent/Ni fatio-of.between 0.5% and 5%; preferably

between 1% and 4% and more preferemtially still between -

1.2% and 3% by weight.

9. Process for the catalytic hydrogenation
of nitriles to amines, characterized in that it

consists in resorting to the doped Raney Ni catalyst

"obtained by the process according to any one of claims

1 to 8.

This Sheet Has Been R laced

10,. Process according to claim. 9,_
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characterized in-that use is made of a nitrile
substrate.of formula (I): | |
NC-R-CN (T
in which-R'represents.a linear or branched alkylene or
alkenylene group having from i to 12 carbon atoms or a. -
substituted or unsubstituted arylene or aralkylene.or
aralkenylene group, |
and preferably a nitrile of the formula (I) inewhich:R_
-represeﬁts a linear er.branched alkylene radical having
-frqm from 2 to 6 carbon atoms. |
11. Process accerdiﬁg to claim 10,
characterized in.thae the nitrile substrate is chosen .
from adipopitrile,-ﬁethylglutaronitrile, |
eﬁhylsucqinonitrile, malononitrile, succinonitrile and
glutaronitrile and their ﬁixtures.

12. Process eccerding to any one of cleims 9

~to 11, characteriied in thatlphe_concentration of .

20

25

nitrile substrate in the total reaction medium is set

at a value of between 0.001% and 30% welght for weight
and preferably between 0.1% and 20%.

13. Process according to any one of claims 9
to 12, characterized in that use is made of a base
conéisting of at least one of the followi#g compounds :
LiOH, NaOH, KOH, RbOH, CsOH. '

14. Process.according‘to any one of claims 9

" to.13, characterized in tﬁat the liquid reaction medium

comprises water, preferably in an amount less than or

T
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equal to 20% by weight_of the total liquid reaction
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medium and, more preferentially still, between 0.1% and
15% by weight.

15. Process according to any one of claims 9

to 14, characterized in that the 1iquid reaction medium

contains targeted amine..

16. Process according to claim 15,
characterized in that the targeted amine is introduced
into the liquid reaction medium in a proportion of 50
to 99% and preferentially in a proportion of 60 to 99%
by weight with respect to the weight of the total
liquid reaction medium.

17. Process according to any one of claims 9
to 16, characterized in.that use is made of a iiquid
reaction medium comprising.an alconol and/or an amide.

18. Process according-to claim 17,
characterized in that the.alcohol is selected from the

following.compounds:-methanol, ethanol, propanol,.

- isopropanol, butanol} glycols, such as ethylene glycol

and/or propylene glycol, polyols and their‘mixtures and
in that the amide is dimethylformamide and/or
dimethylacetamide. |

1s. Process according to any.one of claims 9
to 16, characterized in that'the base is used in'an
amount greater than or ecual to 0.1 mol/kg of catalyst,

preferably between 0.1 and 2.0 mol/kg of catalyst and,.

more preferentially still, between 0.5 and 1.5 mol/kg -

- of catalyst.
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20. Process according to either of claims 17
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and 18, characterized in that the base is used in an
amount greater than.or qual tolo.os_ﬁoi/kg'of
catalyst, preferably betwéen 0.1 and 10.0 mol/kg an&,
_more préferentiail&.stillﬂ.betweén'1;0 and 8.0 mol/kg..
5 21. Process according to any one of claims 9
t§ 20, charactéfized in thaﬁ the hydroéehgtion is |
carried out at a temperature of the reaction'mediﬁm
which is less than or equal to 150°c,'preferab1y less
than df equal to 120°C and, more preferentially still,

10 less than or equal to 100°C.
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