1 4. PROCESS FOR THE PREPARATI ON OF A CATALYST FOR THE 95029 ¥4 C

HYDRCGENATICN OF: Nl TRILES TO AM NES* AND USE OF o - THI $os covq
CATALYST | N'HYDROGENATI ON - The present invention relates to
the field of 5 the catalytlc hydrogenation of nitriles to am nes and,
more particularly, of dinitriles such as adi ponltille , (ADN) to

di am nes sueh as hexanethylenedlan1ne (HNC» or to anlnonltrlles 'such

as ami nocaproritrile.

i nvention rel ates

the =~ thydrogenation o izb& 'i'::bﬁ e ﬁi&n&i.rga‘iéyaﬁtrﬁ!&%' AND USE b\gpe
doped with at |east one ad selecte rom
colums VB, VB and VIB of the perTﬁisccamanzsmchﬁSﬁHbRQEhNQ&ION 15

It also relates to the catalysts obtarned by I npl enent ation of this

process and a fi nal

catal ytic

hexanet hyl enedi am ne.

carri ed out
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(ADN) to diamines such as hexamethylenediamine (HMD),or

to aminonitriles such as aminocapronitrile;

More precisely, the preéént 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 tho catalysts obtained by
implementation of this process and a final subject is

an application of these catalysts in catalytic

‘hydrogenation of nitriles to amines and, more

precisely, but non-limitingly, of adiponitrile to

 hexamethylenediamine.

Catalytic hydrogenation has been carried out
for a conSideraole 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 alum1n1um.

The finished catalyst exists in tﬁe form of

‘agglomerates of finely-divided nickel crystallites

which are characterized by a high specific surface and



obt ai ned by al kaline | eaching of alumniumrich Al -Ni precursor
all oys, the [eaching normally having the = 25 -effect of . causing the
renoval of nost of the al um nium The finished catal yst exists in
the form of aggl onerates of finely-divided nickel crystallites

whi ch are characterized by a high specific surfagf and

2 ~ a variabl e residual al um ni-.um cont ent . o
Conventionally, the parane whi ¢ € dylumi ' to assess the
behavi our of a catal y&t EF re;l%ﬂ%i AP ﬂ é%%ﬁ?ity and the
stability with time. 5 s

. : : éﬂﬁ% ke it
properties in Raney Ni hydftagha Ion c]§§r§%¥% aééﬁ%en proSgZé% .

to add to them promot g, dORd G ALY il our of W UddLnat Eélthe

el ements chosen from transition net in the periodic classification.

(especially iron, .10 a&ﬁhﬁéy L HelBo i M eHaN tid ISHBANN ty anl th Upis .
titanium. _ ccordlng to a first, so-called "netallurgic"
route, the dopinger the Incorpqr:ﬁtawrauﬁeﬂpwrw wptimize themd Pyopervies in

Raney ni ckel type is carried out at the
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,-
10 cobalt, chromium, molybdenum, zirconium, tantalum or
titanium) .

According to a first, .so-called "metallurgic"
route, the dooiag or the incorporation'of promoter“in
catalysts of:Raney nickel type is carried out at.the

15 stage of the_NifAl precﬁrsor alloy, before alkaline
attack. Introduction of the-doping ageht into the alloy
_'is'carried'out in the molten state; .
_ The article by B. N. Tyﬁtyunnikov, "The .
Soviet Chemical Industries, No. 6, June 1971, pages 380
._20' to 382", as ﬁell'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
25 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



15 stage of the Ni-Al precursor alloy, before alkaline - att ack.

I ntroduction of the doping agent into the alloy Is carried out in
the nolten state. The article by B. N "Tyutyunni kov, "The
Sovi et- Chemi cal Industries, No. 6, June 1971, pages 380 20 to 382", as .
well as the witten work by Freidling - et %ﬂ3, "Russi an Chem cal
E@g:gms, Vﬁy. 33, No. 6, . June 1964, pages 319 to 329", are prior

i bl i ographic - r ; [ 3 t iaat '
wth ar heast one troRePpSEEIME AiciGenl 2bR FAREY Mojgal eottaindgeld v

known catal ysts are ngp SSEBBQ'h!cﬂBLenowe6§r$ath&BaQEOhbta%vﬁa@&hdsof
activity, selectivity and - stability with tinme. Thus, the catalysts

disclosed in  Tydetiplekey Gk #egatdp) Eokakxutip]espdiniitriles.

3 nmononitriles derived fromfatty acids containing 7 to 20 carbon
atoms. However, this is not evi dhecRanby Ni cethilyistsc doped agst desdribed by
exanple, dinitriles. The Raney Ni catal ysts doped and
described by 5 s5FreFteidliay ak. airecaxet active ¢nnidiniitedles buteitheir
selectivity with respect to the substrates renains_| ow Finally,, the.

hydr ogenati on reac{ioseden&ﬁwﬂ@uswﬁ@quxpg@ect.to the substrates remains 1ow..
| Finally, the:hydrogénation reactién'conditions required
. for these catalysts'kNi/AIITi) are not idgal'qq an _
industrial scale: temperature of 140 to 180°C, hydrogen
. 10 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 knowg,
described espécially by Takagi and Yamanaka in

15 wScientific 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
addition of vaﬁious metal salts (copper; cobalt or

. 20 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

25 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.



for. these catalysts (Ni/AI/Ti) are not .ideal on an I ndustrial scale:
tenperature of 140 to 180[err]C, hydrogen 10 pressure of 140 bars and
reacti on nedi um consi sting of n- but anol + ammoni a.

Mor eover, a second route for doping the hydr ogenat i on catalyst of
Raney ni ckel type is known, described especjal |y by Takagi and
Yamanaka in 15 "Scientific Papers |.P.C.R - Tokyo, 55 (1961), 105-

108" These wri tyqf g HH&W%FH&&MEHW B iyt ViHdt the

and selectivity of catalysts of Raney nickel type by addi tion of

various nmetal salts (GeRRS¥FporatB¥d ¥ thidbe ne¥«ATgHNEE l{dife WD
nol ybdat e, sodi um tungstate or ferric chloride) during the stage of

al kal i ne attack 1¥adHIng mAINE0 i dapabld o fi iritéEd0idf with the
hydr ogenat ed tested in these experinents is acetonitrile. According -

to this docunent,. the piepebe aifalprdpanioey thoslchtedyest 25  an i ncreased
activity with respect to their non-doped honol ogues. These reports
are questionabl e Because they T. Komclelmil =t al. davéedisslesed, Eexal
observation of curves of the change in hydrogen consunpti on.
their part, in "Applied. Catalysis, 49 (1989), 91-99,
ESP BV", the doping of Raney Ni using solutions of
CrCl, in -alkaline medium (NaOH), so as to deposit
finely-&ividéd Cr(OH)3 on the catalyst.'The 1atte:‘is
10 active in the hydrogenation of cyclohexene,
acatophenone and glucose. This teaching therefore does
not apply to tﬁe hydrogénation of nitriles to amines.
The Crfdoped catalysts described in this prior_doéument
are noﬁ,.iﬁ fact, outstandingly effective in this tfpe
15 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
20 hydrogenatidh of nitriles-fa 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 to.implement and economic.
25 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



4 ) N - It should additionally be known that the

I ncorporation of these netal salts in the al kaline | eaching nediumis
capable of interfering with the process of preparing the catalyst. 5
T. Koscielski et al. have disclosed, for their part, in "Applied
Catal ysis, 49 (1989), 91-99, ESP BV', the’ dgping of Raney N using
sol'utions of CrC[err] in alkaline medium (NaGH), so as to deposit

finely-divided Cr(CH)g‘%PQféP&f?téfyéin:.EPEIEQt £6' ai amiAls o#Ckbve in the

hydr ogenati on of cycl oghexen acet ophenone and gl ucose. This teaching

therefore does - NghiAGRY ¥riPethe hydrogenation of nitriles to am nes.
The Cr-doped catal ysts desc¢ribed in this prior docunent are not, in

fact, _outstandlngly effective |nAﬁBtﬁeiyaﬁjeéﬁlvafohydheg&n&ehu&on is to
In thIS state of the art, one of the essential objectives of the

present invention is tprov;de arhyddegenathonsprboesshwhicbpuakesonsef of
doped - catal ysts of Raney N type for the catalytic 20 h drogenatlon
of nitriles to am Bes thedsereataipsysoand whicli makes| d¢ posgibidend® or to
amnonitriles. Anot her objective of the invention is to
provide a process for pawtpruparatpoacbievaecredectivitdesafpst which is

conveni ent to inplement and economc. 25 Anot her g %Ftlve of .
the invention is to hexamethylenediamine from adiponitrile wi

greater than 95%. .
To achleve these objectives, the Applicant
" 10 ~company has had the credit of demonstrating, entirely
surprisingly and unexnectedly, that the doping of Raney
Ni with transition.metal.elements must advantageously
be carried out on the'finished catalyst using.a_'
. solution of the said metal element.
15 The present invention thus relates to.a
| process for the breparation of catalysts for the
ihydrogenation of nitriles to anines of Raney nickei
type doped with at least one additional metal element
selected frqm'columns IVB,.VB.and'VIB of the periodic
20 classification, characterired in that it consists in
 suspending Raney nickel in a solution, preferably an
acid soiution, of the additional metal element.
Such a procees arrangement prcmotes_the
" incorporation of the input metal element on the
25 catalyst. Without wishing to be bound by theory, it
‘seems, in fact, advantageous- for the nickel to be .
slightly attacked by H* jons of the acid solution.

Within the meaning of the invention, the term



provi de a process -for the preparati on of doped Raney Ni catal ysts

whi ch"are active, selective and stable in the - - context of the

hydr ogenation of nitriles to am nes and

5 . preferably of dinitriles to diamnes or to amnonitriles.

Anot her objective of the inventionis to pr@vi de a hydrogenation
process which makes use of 5 ° these catal ysts and which nakes ‘it possible

in  particular to,aghi g¥eragbERALVEL §Ssb2ition whesanphhikelegsakhae or
fromadiponitrile whichare - “greater than 95% - To

achi eve these objecti¥gia1t B8 PPRhaCPEEeAblyCgiRatErhéhahadrt bqualediot 0a5.
denonstrating, entirely surprisingly and unexpectedly, that the

dopi ng of Raney . N with taapri bfObetWeeh 2| andnis spems advhntagebuély
be carried out on the finished catalyst using a solution of the said
metal element. 15 particula¥he appreptiateenti on thus relates to a
process for the preparation of catalysts for the - " hydr ogenati on of
nitriles to anmineS of Raney ni cksl other words, the desirable acidity is that .
| oorresponding to a normality of between 0.3 and d.SN.
This acidity_oan be introduoed by the dopipg
eloment as such, by a vehicle of this doping e;ement or
else aléerﬁati&ely by'an acid-generating adjuvant-
" 10 and/or addifional acid. |
| - In accordance with tho inﬁentioﬁ,.it is
preferable for the doéing element or additional metal
element used to be provided in the form of oxidos,o: of
sélts._preferably inorganic acid salts or organic.acidf
15 -'salts. |
Inorganic acid salt denotes all conjugate
ions of stron§ ooids (such ao, for exaﬁple; HCl, H,S0,
or HNO;) or of weak inoréanic'aoids ouch as acid
phosphates. |
20 ' Mention may bo made, as examples of organic
acid salts;'ofz_acetates, phthalates, adipates,
citrates, tartrates or malonates.
The oxides also constitute éuppoft means for
the doping. agent, ﬁith a view to its incorporation in
-_25 theoRaney niokel catalyét._It can concern monoxides,
dioxides,.trioxideg or oﬁﬁors. .. o
. The chloridesl including especially TiCl,,

and the oxides are patticularly'preferred.



type doped with at |east one additional netal elenent sel ected from
colums VB, VB and VIB of the periodic 20 classification, characterized
in that it consists in suspendi ng Raney nickel - in a solution, o
pref erably an acid solution, of the additional netal elenent.

Such a process arrangenent pronotes the i ncer poration of the input

netal elenent on the 25 catal yst.. Wthout wi shing to be.bound by theory,

i t seems, in fact, advantageQiimiUmddte d¥ Giplpldedof the wéhiklé Yof
attacked by H+ ions of the aC|d%§§IutF£n . P . VVthI% t he

meani ng of the inventigp d&ﬁ% 'd8ent or of the doping agent itself, in
6 acid corresponds to ads%ﬁ?uon whose pH |sll>ess t han or equal

to 7 and preferably graie¥ ddProvideiudle medivn with acidity, it AlgH of
between 1 and 4 seens to be particul arly appropriate. 5

In other words, the- dq%sfﬁlﬂxe,achlrdlatqcoﬁaﬂwé with therimeeutibmg to wse an
normality of betmeen 0.3 and 0. 5N. This acidity can be

i ntroduced by the Slopiawid and/et eeini-genexatingyadditive| such asi sfemping
el enent or _ el se alternatively by an aci d-generating ad uvant_ 10
and/ or additional acidexample, HCl, H,S80,, H3PO,, CH3COOH. the like. In
this case, it concerns a simple acidity adjustment step
which is enti:ely within the capacity of those_skilléd
in the ;rg. . _ | . -
10 It should be considered thét thé acid nature
" of the médium for the'éréparation of the doped Raney ﬁi
catalyst corresponds to a preferred, but non-limiting,
-eﬁbodiment of the p:océss according ﬁo the invghtiqn.
- The a&sorption of dOping elements on the'NiAI
15 .catalyst according to the above embodiménts makes it
possible to result in a pafticularly active
- Ni/al/doping agent catalytic uﬁit which is selective '
_-with respect to nitriles and, in particular, wiﬁh
respect to dinitriles such as adiﬁdnitriie.
20 This éatalytig unit is also véry stable with
'time-and'generaées only very small amounts of
-hydrogenafioﬁ impu:ities.‘This is particularly
"advantageous because, in certain cases, these
impurities are very_diffiéult'ﬁo separate from the
25 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



In accordance with the invention, it is | preferable for t he dopi ng

el ement- or additional netal - elenment used to be provided in the form
of oxides or of salts, preferably inorganic acid salts or organic
acid 15 salts. Inorganic acid salt denotes all conjugate
ions of strong acids (such as, for exanple, HO, g[err]SC{err] or
HNO3) or of weak inorganic aC|ds such as acid phosphates. 20

Mention ray be nade, e rgani c acid salts, of: acet ates,
pht hal at es, ~adi pat es, 6t %%€£%€£§Q tartrates or mal onates.

The oxi des al so COHStIFUte_SUDDQK&aéEEE%?fEE anothe£h&d@&ﬂt&éaéﬂﬁn&rr&héémént
view to its incorporation in 25 the Raney nickel catalyst. It can .

concern nonoxides,  ‘of €héPpESSess AGKOEREng tS! ERESinvention, the
The chl ori des, |nclud|ng especially Tid[err] . and the oxides are

particularly DFEfEFFEdeeratlon of placing in suspension is followéd by a
To conplenment or in place of the vehicle of the dopi ng agent or of
t he dopi ng agent |55ekﬁashtng, preferably w1th water, of the Raney nickel at
| least partly doped w1th the additional metal element,
at least one of theee two operat;ons optionally being
repeated n ;imes, ﬁ advantageously Being between 1 and'
5. | _ .
10 ' In order to peffect_the deping of the Renex
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 ungil'the
wesh liquors are clea;land neutral. |
15 _ ' A number of suecessive operations of
suspending the Raney Ni in the solution of doping agent
‘can also be envisaged within Ehe context of the proeess
according to the invention.
The doped_Reney catalyst obtained is
. 20 colleeted after washing and is then stored, preferably,
| in a strong base such as, for example, NaOH, KOH or
other alkali metal hydroxides. |
In accordeﬁce with a variant of the |
- invention, the Raney nickel, which is or is not doped,
25 suspended in a solution of at least one additional
| metal element, is subjected to an alkaline leaching
.treatment cerried out et a temperature greater than or |

equal to room temperature, preferably between 50°C and



order to provide the mediumwith acidity, it is possi ble, in
accordance wth the invention, to use an 5 acid and/or acid-generating

addi tive such as, for exanple, HC1l, Herr]SJerr], Herr]PJerr],

CH err] COOH; and the like. In this case, it concerns a sinple acidity
adj ust ment step whi ch | S enti reI y Within fhe9 capacity of those

skilled .- in the art. ' I't.should be considered that the
acid nature - of t h R QvOfs g ,d9RA A BO N and
catal yst corresponds tg a pre el rgnérﬁa E%n F{i‘;’ia& Kos enbodi ment of

the process according &QOBEG tﬂﬁﬁnﬁbgahln optionally beihf cidsdldd idut Qinder
doping elenents on the NN A~ 15 cat al ys? according to the above :

embodi ments makes it -a hydR@yehbpPebBuires ! betwaeRAllt.ilC dnd |20 s, ve
Ni /Al /doping agent catalytic unit which is selective with respect to

nitriles and, in parti pileFerablynbetween aSped 5t MPdi Ririd,i hesres prteferentially
adiponitrile. 20 This catalytic unit is also very stable with

ti me and gener at essonl pt\ia.lly betiveenndust andl 3 Mpar.ogenation inpurities.

This is-particularly -advant ageous ‘because, in certain cases, these
inmpurities are very difficult toIDepma&ttch,orhhtﬂse con@g.emq@ega{ éﬂ‘-‘mt
Mention may be nade, as an exanpl e of such inpurities

di am nocycl ohexane, a @@Mﬁ@-@rﬁ@ in Plamrthﬁasi@ﬁﬁs%ﬂ%1dfﬂ% aabmlyst in

boi l i ng- tenperature as “_hexanet hyl enedi.am ne resul tin fg {rorﬂt
hydr ogenat i on . an alkali metal ydroxide solution o such as sodlum

hydroxlde solution or the like) and in heat;ng te
10 approximately 100°C with stirring -and ‘under a hydrogen
| lpressure of approximately Z.S.MPa. |
After this high-temperature alkaline attack,
the catalyst is rinsed with alkali metal hydroxide
solutions of decreasing assays and then with water
15 until the wash liquors are neutral.
In the same way as above, storage of the
Ni/Al/doping agenticatalfst is carried out in a strong
‘base such as sodium hydroxide solution or the like
am. | |
20 - Titanium is preferentially'adopted as
additional metal element. One of the corresponding
. appropriate vehicles is Tic13.'
It appeared partioulaﬁly advantageous to dope
the Raney Ni catalyst until doping agent/Ni ratios of
25 between 0.5% and 5%, preferably between 1% and 4% and,
more preferentially still, Setween 1.2% and 3% by
. weight were obta;ned.

Acoording to another embodiment of the



8 of adlponltrlle Accordlng t o anot her advantageous
arr angenent of the process according to the i nvention, the

operation of placing in suspension is followed by a 5 meshlng, pref erably
with water, 'of the Raney nickel at | east partly doped with the

addi tional netal elenent, at | east one of tigese two operations
optionally being :repeated n tinmes, n advantageously being between 1

and 5. 10 process lszortqf'er tﬁi‘h J@Rﬁn tde i deLiydteimaney

N catal yst suspended Int preferably  acid, solution of dopi ng

agent, it is thereforgddiydiid with'aHe iinventidit) |thé tinvsipsratien of two
washi ng being repeated until the wash liquors are clear and neutral.

15 _ A nunbefopiind UK el b SPeiptfarentinature, sfoyoadimolé he
Raney NI in the solution of doping agent can al so be envisaged mnthln
the context of the proggnium andatnrahiugmt cdmebe e saged .
The doped Raney catal yst obtained is 20 collected after mashlng and is
then stored, prefesably, 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'frou the
10 process according to the inventicn, the hydrogenation:
cf nitriles to amines takes place pafticularly well and
makes. it possible to_acﬁieve entirely'satisfactory
activity and selectivity behavicur. Moreover, it is
nioted that the production of impurities remains
15 limited.

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

20 | 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.
25 ' 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.



In a strong base such as, for exanple, NaOH; KOH or ot her al kal

met al “hydr oxi des. In accordance wth a variant of the

i nvention, the Raney nickel, which is or is not doped, 25 suspended in-a
solution of at |east one additional metal element, is subjected to an
al kal i ne | eachi ng - treatnent carried out af“iltenperature greater tha
or equal to roomtenperature, preferably between 50[err]C and -

9 200[ err] C and, nore pref q’e?@ibﬁ! !m)é_ystbié InadeSt 4 ealip 1y of such

120[err] C, this leaching optionally being carried out under a hydrogen

pressure of between 0gindkedii@sYPaf especiadfllss adipdditsdar,l and 5 MPa
and, nore preferentially 5 still, between 1.5 and 3 Mra.

In practice, this competiigliglitaronditrille, ethylmnsicimonitmilasi ng t he
doped or non-doped catalyst in an al kali netal hydroxide solution of
(such as sodium madiomonderddieyt ismecindnisriile anshglutaranitni ke and
approximately 100[err]C with stirring and under a hydrogen pressure of
approxi mat el y 2.55VPatheir mixtures, especdally $he gixtunes af adipondtrle
attack, the catalyst is rinsed with al kali netal hydroxi de

and/or methylglutaronitrile and/orlethylsuccinonitrile

which arise from the same p:ocess.fbr the synthesis of

adiponitrile.

| in practice, the case where R = (CHy)y -
10 represents an overﬁhelmiﬁg 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,

15 | -. or to aminocapronitrile, which makes it
possible to obtain caprolactam, which.ié a precursor of
" polyamide-6. _ | ) |
Introduction of the nitrile substraﬁe, for
example adiponitrile, into.the feaction medium is
20 carried out while obsefving 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
25 from the following compouﬁds: LiOH, NaOH,-KOH, Rbe,
| CsOH and their mixtures;, o

In practice;_use'is preferentially made of

NaOH and KOH, for a good compromise between performance



sol uti ons of decreasing assays. and then with water 15 wuntil the wash

| i quors.,are neutral. ' In the sane way as above, storage of

t he ~ Ni/Al/doping agent catalyst is carried out in a strong base
such as ‘sodi um hydroxi de solution or the |ike ' (IN). 20 -
Titaniumis preferentially adopted as addi‘t hjgnal netal ‘el enent. One
of the corresponding . appropriate vehicles isS TiC[err]

It appeared particul ar laé[d? ﬁ%%q'ggg&b%g%%& gb%d-d %Wé\l} fi{/@&&’éﬁ

until doping agent/N r S an %" prefera
bet ween 1% and 4% and, pegultgire preferentially still, between 1.2% and 3%
by wei ght were obt ai ned. According to another-

embodi ment of the : The hydrogenation reactionlGhedium Wecess
for the preparation of the catalyst in accordance with the invention,

the incorporation of twreferablgpiligndl®mat cortaiidd arteileasti e dalivent
exanpl e ~titanium and chrom um can be envisaged. 5 - Anot her
subject.of t he present capablie @f idlssolving the nitrile substrate 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
10 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 iess ;han or equél-topzo%,
'by weight with respect to the-ﬁotal reaction mediuﬁ.
is5 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
_20 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 .
25 ~ In thé 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,



process for the catalytic hydrogenation of nitriles to am nes in which
the doped Raney N- catal yst obtai ned by. the process .of - the invention
descri bed above is used. : By virtue of the catalyst
resulting fromthe 10 process according to the invention, the

hydr ogenation of nitriles to amines takeS {pjace particularly well
and . makes it possible to achieve entirely satisfactory activity

and sel-ectivity behaViﬁhEch“$Eﬁ?@@feriﬁl}salcoholﬂéﬁeﬂeﬁhé&eﬁhﬁ preflUeivbOBo
of inpurities remains 15 I mted. The preparation of a

doped Raney Ni catal ySgour par@dthby lwe@it ipéti ohet paibecbgawalightCof water
hydr ogenat i on of nitriles to amnes nore particularly relate to

dinitriles of forml a 44d:préferably three parts per one parP- 6K water. .

(1) in which Rrepresents a |inear or branched al kyl ene or

al kenyl ene group having from 1l tacdérdim@potoasnother preferreduptbaractedistic
unsubstituted aryl ene or aral kyl ene or ar al kenyl ene group. 25 . :
Use is preferably Sradeof nthéecinventionof thcamine whagsenprenasatipni isil es

of fornmula (1) in which R . _represents a linear or branched al kyl ene

radi cal having ‘f targeted) by the pEPeess ignincorporated in the reaction

medium. It is, for example, he#amethylenediamine when
the nitrile substrate is adiponitrile. |
| The concéntraéion of the targeted amine in
10 the reaction medium is advantaéeoqély betweenfso% and
99% by weigh£ 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 mgdiuﬁ
15 varieS'accordiné to the nature of the reaction medium.
When_thé reaction medium contains only'water-
" and the targeted aﬁine as liquid solvent medium, the '.
-émount of base is advantageously greaterﬁthan or equal
to 0.1 mol/kg of Eataiyst, preferably between 0.1 and
20 2 ﬁol/kg of éatalyét and more preferentially 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
25 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 tﬁe composition of the reaction medium



Mention may be nmade, as exanples of such dinitriles,. of especiéljy

adi ponitrile, met hyl gl utaronitrile, ethyISUCC|non|tr|Ie

mal ononi trile, succinonitrile and glutaronitrile and 5 their mxtures.,
especi,ally the m xtures of adiponitrile and/ or methylglutaronitrile -
and/ or ethyl succinanitrile which arise froﬁ1h§e sanme process for the
synt hesi s of adlponltrlle In practice, the case where
R=(Cerr] 10 1CPLesfie holue Wil AR Have steaméa on,
corresponds to the converS|on 0 -.either to HVMD ., a

di am ne whi ch constitukgge two @&ﬁlﬁgnetdﬁ Ratd il EIG® tHid ifixture is then

manuf act ure of pol yam de- 6, 6, - or to
ani nocapronitrile, whi HeatReesat fa reactmﬁﬁaidalphmm amésscauuanamraequal to
which is a precursor of pol yam de- 6. I nt roducti on of

the nitrile substrate, f5°Cc, preferallye ladis)thdan ide,equal tdc 2T tamh, more
mediumis 20 carried out while observing a concentration of between

0. 001% and 30% by i glprefierfenteisddyt atillhe keptmithan or vaqual tav/1l90e.

the reaction medi um and preferably . bet ween 0. 1% and 20% w/ w.

In concrete terms, this temperature is
between room tempe:atu;e (?pproximapely 20°C) and
100°C. | |

| | Prior to, simultaheously with or sﬁbsequent
10 to the heating,_the regétion chamber. is brought to the
appropriaté pydrogen pressure, that is .to say, in
practlce, between 0.10 and 10 MPa.

The duration of the reactlon is variable
#ccording to the reaction conditions and the catalyst.

15 | 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
ﬁo the'invehtion, the-duration is Bbviously not a

20 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
25 corresponds to a préferred, but non?limiting; form éf
the process according to the iﬁvention.

The other conditions which govern the

hydrogenation (in continuous or non-continuous mode) in



The strong base used is preferably chosen 25 fromthe foI | ow ng conpounds:

Li OH, "NaOH, . KOH, RbOCH, CsCH and their m xtures “In
practice, 'use is-preferentially made of . NaOH and KCH, for a good
conprQm se between perfornmance 12
and price, although RbOH and CsOH gi ve even bettqrs results:

The hydrogenation reaction nediumis . preferably liquid. It contains at
| east one sol vent 5 dcdiiptdahcd wiitds Uhd Nthvidift it ridvoBed stectini¢al be
hydrogenated, it being known that this conversion takes . place nore

readi |y when the sai d sphfidedentiss wiich are@dativeritional and known in
According to an-advant ageous enbodi nent: of 10 the process according to

the invention, use is timdsselives. an at | east partially aqueous liquid

reacti on medi um Water is generally present in an amount |ess than or
equal to 50% advantageously | edEhe hewamplesjwhich fwbldow of the \preparakion
respect to the total reaction nedium 15 NMore preferentially still, the

water content of the of dopeshdaunsy ¥idiaatalysfks wrd @f (the I@”BWQ\E%%PE'.
e . 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 em_erge_frm_n.the

examples}

10  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
15 with argon. | |
Aporoxiﬁatel? 5 g of non-doped Raney Ni,
obtained convehtionally by'leaching_a comﬁeroial 50/50
-by weight Ni/Al precursof alloy with sodium hydroxide :
solution, are withdrawn. Tﬁey are rinsed with 20 ml
20 portions of water until the wash liquors are neutral.
3.44 g of this wet catalyst are weighed in a pycnometer
and are placed in a ;Oo.ml round-bottomed flask. The
round-bottomed flask is pufgeo witﬁ argon. 20 ml of the
TiCl, solution are thep‘iatroduced onto the catalyst.
25 The reaction'medium is'plaoed under a stream of-argoh
and stlrred for 1 hour. The solution very qu1ck1y

becomes green.



respect to all the constituents of the said nedium = ' To

conpl enent or substitute for the water, ‘it S pOSSIb|e to provide at
| east one ot her solvent, of 20 al cohol and/or ami de type. Al cohols which
are nore " particul arI y suitable are, for exanple, nethanol,

et hanol , propanol, isopropanol, butanol, glycols;jguch as et hyl ene
and/ or propylene egcoI pol yol s and/ or m xtures of the said -
conpounds. 25 . In thekase Wahe e SsdIyst WU S vasiedwith

anmide, it can be, for exanpl e, - di met hyl f or mam de or

di met hyl acet am de. water until théamadH lisqueass ard eVedcrand heewtta®nt |

13 which is preferably alcoholic, represents fromtwo to four

parts by wei ght per ommrdamm ght tHusvalaped withanditerefwiably stowxed in
parts per one part of water. According to another preferred
characteristic 5 ofJﬁheqdﬁummhyd:oxﬂdaesnlutadnse preparation i's

targeted by the process is i ncorporated in the reaction medi um |t '
is, for exanple, MPexanethyl enediThe r@tﬂiéfﬁt A hag & '-Filﬂﬁ |zatim Py Height of
adiponitrile. 1.6% _

Example 2: 2=-§y£qw____adipg_n___(mA_D!L_t§
hexametﬁxlenediamine (EMD) with the catalyst A
The catalyst A of Exampie 1 is'withdrawn and
10 washed 4 times with approxlmately 20 ml of water (unt11 '
the wash liquors are neutral) Approximately 0 4 g of
this catalyst is weighed'preczsely in a pycnomgter.
6 g of adiponitrile are introduced, using a
'syringe, into a drbpping funnél connected to an
15 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
20 with argon, 40 g of solvent cdnsistin§ of HMﬁ, ethanol
(EtOH) and water (63/31.5/5.5 by weight reséectively)
are placed in tﬁe autoclave.equipped with a stirrer
syétema The medium thus contains 0.1% by weight of NaOH
nwith respect to Ehe totai mass éf.solvent.
.25 0.4 g of catalyst is then introdﬁced into the
autoclavé, which is then carefully closed and purged 2

‘times with nitrogen..z.S'MBa of hydrogen are then



The concentration of the targeted amne in 10 the reaction nediumis
advant ageousl y between 50% and 99% by weight with respect to all the

sol vent i ncl uded

'in the said reaction nedium and, nore preferentially

still, is between 60% and 99% by wei ght. The amount of base
in the reaction medium 15 varies according to #Re nature of the reaction

medi um

When the reaction- nmedium contains only water

and the target ed am n%n%%&dtﬂédjaiﬂ HtiRfliiENcdiiied out APWBI°Of Abter
I s advant ageously greater than or equal - to 0.1 nol/kg of catalyst,

preferably between 0. hadfithg Feachedibile) teimpeatatiursd, atirmiey is begun and

preferentially still

between 0.5 and 1.5 nol/kg of catal yst.

In the case where the theacidigonindiide contaizwtrirs dhevalapring afnnneb o

and/ or an am de, the

anount of base is greater than or équal_ to 0.05

mol -/kg 25 of catal ysin ingtoprikee mattioclnmew The endmf tthe #ﬁﬁ?tk@n is

and nore preferentially still between 1.0 and 8.0 nol /k
Once the conpositiSon sfeheatedds ithe mi@hidization in the hydrogen
14 and the choice of the catal yst have been deci ded on,

' consumption.

10

15

20

25

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%.



t hese two conponents are nixed and this mxture is then heated at a

reaction tenperature |less than or equal to 150[err]C, preferably Iess
than or equal to 120[err]C and, nore 5 -preferentially still, less than or
equal .to 100C. .In concrete terns, this terrperature S
bet ween roomterrperature (approxi matel y 20[err]C)1331nd ' 100[err] C.

Prior to, simultaneously with or subsequent 10 to the heating., the
reaction chanmber 'S br@_&ﬂbélé__cathw@mm&
that is to say, i practice, between 0.10 and 10 MPa

The duration of the r Gfeiteivinftsew démitel by thecrefeiemce dhi he reaction
conditions and the catalyst. 15 . I n a non-conti nuous Oferatrng
nmode, it can vary from a fRartiofittise tecatalysbolk of Example

In a continuous operating node, which it is - entlrelz possi bte to
envi sage for the processthdoawalisnd placed gvitie 30kt eHn Nt padiumpydroxide

obviously not a 20 paraneter which can be set.
be noted that a pelsoreekuticm im a 150 mhcreaetesn %?Lﬂ?di'% %ﬁrbﬁBFﬁéyat

of the stages of the process accordinng to_the inv i on cor ing to
t he operating cok®@ ¢ omrdeng- 3R ‘Q?vléﬁdﬁﬁg% Uﬁ% sggrr or
corresponds to. a preferred but “non- Irnrtrng formof - - t he process

according to the |nven}|% :
The catalyst A, obtained is then rinsed with
10 ml of 3N, 2N and 1N sodium hydroiide solution and 3
10 - times with 10 ml ef 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

15 Example 2. The reaction lasts 23 miﬁutes,
Chrqmatographlc analysis of ﬁhe hydrogengte makes it
lﬁossible to celculate the following selectivities:
HMD = 96.81%; HMI = 0.28%; DCH = 0.33%; AMCPA = 0.05%;

NEtHMD = 0.05%; BHT = 2.04%.

20 Example 5 : Eregatatibn-of an Ni/Al/Cr catalyst,
hereinaftei 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..
25 5g¢g of non-doped Raney Ni of Example 1 are

placed with 10 nl of water and 10 ml of CrCl; solution



The ot her conditions whi ch govern the hydrogenatlon (i n continuous or
non-conti nuous node) in 15
accordance with the invention involve technlcal arrangenents which are
conventional and ‘known in t hensel ves. ' : ~ The exanpl es
which follow of the preparation 5 of doped Ranqp Ni catalysts and of the
hydr ogenati on of. ADN to HVD will nmake it possible to understand the

invention better. Al jphe adudid-Rettciled [FldgR.crmie medium aind snivred fdis
variants will also energe fromthe exanpl es. 10 EXAWPLES
Exanple 1 : Preparati g5 efinan THe Sathilyett & Vi® ,then wasdhadiwitih orathenEndl
by the reference A A purple sol ution containing 1.8% of
Tid[err] in 1. 2¥eriClagadnppdpered] im the round-Haktomed flaslk in (1@l
15 wth argon. Approximately 5 g of non-doped Raney N

obt ai ned conventi onal lof bgatlesta@lndwg-Oandomﬁar@%ucwﬁ@OlutiOﬂmeﬁel Fhain.

Ni /Al precursor alloy wth sodium hydroxide
5 Finally, the catalyst B is recovered and washed to

‘neutrality with 6 times 50 ml of water and stored in 1IN
sodium hydroxids solution. - | |

The catalyst B has a Cr/Ni ratio by yaight of
3.5%. o | '

10 Part of this catalyst 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
'undsr 2.5 MPa of hydtogén fsr 1 hour. The cata}yst_?l,
thus treated,_is recovered and rinsed with 10 ml of 3N

15. sodium hydroxide solution, then of 2N sbditm 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.

20 Example 6: Hydrogemation of ADN to HMD with B,
| lTha.catalyst B, of Example 5 is used as in
Example 2. The reaction.lasts 56 minutes.
,Chromatograpﬁiq analysis‘af the hydrogeﬁate makes it
possible to calcu;ate the following selestivities:
25 ~HMD = 95.24%; HMI = 0.66%; DCH = 0.05%; AMCPA = 0.03%; .

NEtHMD = 0.08%; BHT = 2.24%.



-

solution, are withdrawm. They are rinsed with 20 M 20 portlons of wat er

unpil‘thg wash |iquors are neutral. . 3.44 g of this wet catalyst are
wei ghed in a pycnoneter .and are placed in a 100 m round-bottonmed
flask, The round-bottonmed flask is purged,_wth argon. 20 m of the
Tid[err] solution are then introduced onto the cgalyst. 25 The
reaction nediumis placed under a stream of argon and stirred for 1
hour. The sol ution vergxsmpT«|y: PrepaiwciomsofirseNi/Al/Cr catalyst,

16 -~ After 1 hour, the catalyst Ais washed with wat er
until the wash |Iquorawmmwmﬂlﬁl yst A, thus
doped with titanium is stored in 1N sodlunlhydrOX|de solution. 5

The catalyst A has a Ti/N rat|00b95wwlgﬁtct@3 are weighed in a 2[5 md e 2
Hydrogenation of adiponitrile (A - hexanethylenedl m ne
the catal yst A volumetriq %%Jsa#%tthe ovolumepie npa § WPt ﬁgﬂ\%n

10 washed 4 tines with approximately 20 m of wa
5 w1t£9water. Anyorange CrO3 éo{uézghlis obta;ned with a

concentration of 0.34 mol.1°1l.

5 g of nop-dpped Raney ﬁi of Example 1 are
placed inllo ml of water and 10 ml of the'Cros_solution
iﬁ.a réund-hoftamed,flask. The medium is stirred -for

10 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 fbr 75 min. The
catalyst C, thus t?eated.two;times with the chromium
frioxidelsolution, is now transferred with 30 ml of 6N

15 sodium hydroxide solution into a reactor and heated at
100°C with stirring and under 2.5 MPa of hydrogen_for i
'hour. It is. recoveredf rinsed with 10 ml of 3N sodium
hydrox;de solution, then of 2N sodium hydroxlde
solution, then of N sodium hyd:oxide solution ana

20 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-
25 The catalyst C of Example 7 is used as in
Example 2. The reaction lasts 1 hou: 50 minutes.'

Chromatographic analysis of the hydrogenate makes. it



-

the wash liquors are neutral). Approximtely 0.4 g of this catal yst
i s wei ghed precisely in a pycnoneter. 6 g of adiponitrile
are introduced, using a syringe, into a dropping funnel .connected to
an 15 autoclave via a’l eakproof pipe. The dropping funnel is _

cl osed, purged and a hydrogen pressure of 2.5 MPa2is =~ - established.

525 [err]l of 2N sodi um hydroxi de sol ution, . 1475 [err]l of water and,

after having filled theougitdleatd cdlculidte algpEolbwimg selectrivities:
consi sting of HVD, ethanol (EtOH) and water (63/31.5/5.5 by wei ght
respectively) ar gMp aC 86 .13 %;haMat=0dl 05% e PCHped +09%; AMCRPA rer0.03%;
system The nediumthus contains 0.1% by wei ght of NaOH W th respect '
to the total mass of sMNB&HMD = 26 05%; BHT = 1 (0¥ g of catalyst is then

i ntroduced into the aut ocl ave, which is then carefully cl osed and
purged 2 times with nitrogen. 2.5 MPa of hydrogen are then

17 I ntroduced and heating js carried out to 80[err]C ,After ' .
havi ng reached this tefxample & stﬁmmm
ut ool ave. %Z"QES‘%?dms;@gas%_qsgx___z__—' Feimasieh deiboted by irfe sefefdiios B 1"
| 2.15 g of non-dqped Raney 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 and 30 ml of
6N sodium hydroxide_solutibn;_The<entire mixture is
| 10 heated at 100°C under 2.5 MPa of hydrogen and with
stirring for 1 hour. The catalyst D, thus dopéd, is’
then rinsed with 10 ml of 3N sodium hydroxide golupion,
then of 2N sodium hydroxide solution, then of N sodium
hydroxide solution and finaliy 3 times 10 ml of water.
15 It is stored in N sodium hyd:oxide solution. _ |
| ‘The cataiyst.thas a Cr/Ni ratio by weight of

B .1-5%-



S detected by the stabilization in the hydr ogen | consunpti on.
The reaction lasts 47 m nutes. Chr omat ogr aphi ¢ anal ysis of the

hydr ogenat.e rmakes it Sible to calculate the yield of the reaction

10 . o ectividy :(S) for HVD as a, percent age : is given

by the rel ationshi g (\Wﬂof ‘the sel e@Ri vities of th®CT/FR94/01477
by- product s. \I;‘\\\\‘%“\\\‘& DT s used in the reaction solvent, it

%

cannot be dir " quantitatively determCEdIMEry precisely. On the
other 15 hand, it has been verified that the by-products, taken as

a whole, are all identified. The selectivities for each of

t he by-products are represented by the nol ar percentage of the

by- product ‘formed with respect tlo t h@rasess thor Aihe Rrepaxation of gatalysts
exanpl es and conparative tests carried out, the .. degree of conyersion

of the ADN (as wel | afamfhethyidrogenatiomiel Rifiniles %cﬁ‘%?d??ﬁli-?{ie#%‘}e?'s
100% - The selectivjties are the foll.ow ng: -

97.18% HM (Hexanet hyHsiaiit@e éi‘u?@f@%,”&?§m dd#‘(‘h%ﬂ#n‘b%’o%%n%?til

?i\f g/ohyl héXanémlA%gég%%%yé%% qg‘;ﬁr@%’s&%&aﬁtﬁ? B %rﬁ%%)

= 2.21% periodié classification, characterized in that it
consists iﬁ sﬁspendiﬁg Raney nickel in'a solut%on,
prefer#ﬁly an acid solution, of the additiqnal metal
‘element. .

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

3. Process accor¢ihg to either of claims 1

15 and 2, characterized in that the additional metal
element used is provided in th@ oxide o:.indrganic'acid 
salt or organic acid éal; form.

4. Process according to dlaim 3,
charécteri?ed in that the additional metal elemenﬁ is

20 provided in the chloride and/or oxide form, TiCl, being
particularly preferred. :

5.  Process according to any one of claims '1
to 4, characterized in that the operation of placing in
:suspension is'followéd by a washing, preferably with
:_25 water, of the kaney nickgl at.least'partly'doped'with-
the gdditional.mgtal element, at-leaét one of these two

operations opticnally being repeated n times, n
SR T RIS _
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18 Example 3 : Prepar ation of an N|/AI/T| cat al yst. herei nafter
denotéd hy the reference Alerr}— Part of the catal yst A of
Example 1 is wi t hdrawn and aced with 30 mM of 6N sodi um hydroxide 5
solution in a 150Ll“‘mmmfml\“nwﬂ‘ medi umis heated at 100[ err] C under
2.5 MPa of hydrog for 1 hogs. The

catal yst Alerr] obt‘ai fied"i s t hen rinsed with . . 10 ml of 3N, 2N and 1N

sodi um hydr oxi de sol uadeantagedusly belingebetmelenl(d mndfS.nater until the
wash |iquors are . neutral. It is then stored in 1IN sodi um hydroxide

sol uti on. Exanpl e 4 : Hgdr og@wacess eccapding fvDaxyt lens @f jclaims 1
The catal yst Alerr] of Exanple 3 is used as in 15 Exanpl-e 2. The,

reaction lasts 23 minteeS, characterdmedodraphat fhe dapedRanay Ni catalyst

hydr ogenate makes i t possible to calcul ate the fqll ow ng
sel ectivities: AwDceldeced, and 3’5°er2 preaferably.3ig sqhseng base.
0. 05% NEt HVD = 0. 05% BHT =.2.04% n'Q:Ie 5 Prepag ati

to 6, characterized in that the Raney nickel, suspended
iﬁ a solution of at léast_one additional metal element,
is subjected to an alkaline leaching treatment carried
- out at # ﬁemperaéure;gfeater than or equal to room

10 temperatufe, preferably between 50°C and 200°c and more
preferentiaily 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 prefe:enfially still between 1;5

15 and 3 MPa. . | .

8. 'Process accordiﬁg t§ any one qf claims 1
to 7, charaéperized ih'that the amount-of additional
metai element used and:the reaction conditions are
chosen so that ﬁhe éatalysts obtained have a doping

20 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. Prpcéss for the catalygic hydrogenation
of nitriles to amines, characterized in that it
25 consists in resorting to the doped Raney Ni catalyst
"obtained by the process according to any one of claims

1 to 8.

10, Process according to claim 9,
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her ei nafter denoted—bsyt—t—he_tei_ew | 2.22 g of Ordferr]

are melghed in a 25 volumetrijc flask and the volune is made up to-

S e S Pl

sol ution 2419 in a
round- bottonmed fl ask. The nedlun1|s stirred for 75 mn. The catalyst B

is then washed with wahghdilrized YRS VL 1 Hhdd) 1% AL W! t Oed
flask in 10 m of wat er 510m of the CrCl{err] solution for 75

mn. 5 Finally, th@,ﬁ@t@lggg oF IforxAVerM™aG and washed to
neutrality with 6 times 50 ml of water and stored in 1N sodi um

hydr oxi de sol uti on. The catal y¢-B-t®s a Cr/Ni(X)atio by
wei ght of 3.5% 10 - - Part of this catalyst B is wthdrawn,
pl aced in 30 M il WiNcdO®R weprnedentisia ddinddmor bmarkifediialkylene or
reactor and is then heated at 100[err]C with stirri-ng and under 2.5
MPa of hydrogen f@& 1 alkenylEre gxtcaipydtaviing rfrom 1 tq ki qaxhamed@toms or a.
recovered and rinsed wth 10 m of 3N
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
10 -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

15 glutaronitrile and their ﬁixtures.
12. Process eccerding to any one of cleims 9
. to-ll, charaeteriied in thalehe_concentration of .
nitrile substrate in the tetal reaction medium is set
.at a value of between 0.001% and 30% welght for weight
20 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. ' o

25 14. Process.according‘to any ohe of claims 9
" to.13, characterized in tﬁat the liquid reaction medium

comprises water, preferably in an amount less than or

_ equal to 20% by weight of the total liquid reaction
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15 sodiumhydroxide solution, then of 2N sodi um hydr oxi de sol ution,

t hen of N sodi um hydroxi de sol:uti on and finally with 3 times 10 m of
wat er -unt i | uors are neutral. It is then stored in N

sodi um . ”Iﬂl”ﬂﬂl“ﬂ"lllmm 0 20 Exanple 6: Hydrogenation of ADN to
HVD wit h B[err] The catal yst B[ergg of Exanple 5 is used as

I n Exanpl e 2. The reaction lasts 56 m nutes. Chr omat ogr aphi c

anal ysis of the hydroggnfien EI<ES ndre reféﬁﬁtﬂﬂf%@ﬂtﬂhﬁé&v&& 0.1% and
follow ng selectivities: 25 HVD -9?24% = 0.66% DCH = 0.05%
AMCPA = 0. 03% NEY ¥y weigiB% BHT = 2. 24% R

20 . Exanple 7: Preparation of an Ni/A/Cr catalyst herei nafter :
denoted by the reference C 15. Procesd) &écordingyt)cany ame ofighaims 9
ina?25mn volunetric flask and the volunme is made up te-25 mM 5

with water. An orange %@ G rqha;tdc.ttemett Lbtthatedthe thiguid reaction medium
concentration of 0.34 nol.1[err] 5 g of non-doped Raney Ni

of Exanple 1 are 5 qﬂwﬁf rtqmwed)famef and 10 mM of the Crerr]

sol ution
16. Process accordlng to claim 15,

character;zed in that the targeted amine is introduced
into the liquid reaction medium in a proportlon of 50
to 99% and preferentially in a proportioa of 60 to 99%

10 by weight with respect to the we;ght 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 ;iquid
reaction medium camprising.an alcotol and/or an amide.

15 18. Process according-to claim 17,
characterized in that the.alcohol is selected from the
following.campeunds:-methanol,.ethanol, propancl,.

'iscpropanol, butanol} glycols, such as ethyiene glycol
and/or propylene glycol, polyols and their‘mixtures and

20 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
aqount greater than 6r eéual to 0.1 mol/kg of catalyst,

- 25 preferably between'o.l_and 2.0 mol/kg of catalyst and,.
more preferentially still, between 0.5 and 1.5 mol/kg -

- of catalyst.

20. Process according to either of claims 17
This Sheet Has Been Replace ' '
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in a round-bottomed flask. The mediumis stirred. for 10 - 75 min. The
catalyst i's then washed with water and then again placed in the
rounds bottoned flask in 10 m of water and 10 ml of the CrJerr]

sol uti.on for 7 lmmﬂm“ﬂuum atalyst C, thus treated two tines with the
chrom um ‘"ﬁ S nowtransfer& dwith 30 nl of 6N 15
sodi um hydr oxi de s6lutioh intd a reactor and heat&d at 100[err]C with

stirring and under 2.5 égf _QXQE-QQEEr%QEdl'n that'We b gﬁel 513 e soéle

rinsed_vvith 10 M of 3 roxi de sol uti on, en of
hydroxi de - sol ut'Qﬂouhheareatélrseﬂhu%h}y@@&ud%as@ \3isi %1 o0

finally with 3 tines 10 mM of "water. It Is then stored _ sodi um
hydr oxi de sol ution. catalyst, prefZBﬁbQ.?t Betwees 031 an@ /1|N| or #o1YKey and,
wei ght of 2. 1% Exanpl e 8 : Hydrogenation of ADN to HVD with

C 25 = The meateal pséferehtﬁfaam still; beeteeh 1N10 and 8E0AMRI1Ykg.
2. The reaction lasts 1 hour 50 m nutes. Chr omat ogr aphi ¢ anal ysi s of
the hydrogenate maBes it 21. Process according to any one ®f claims 9

ta 20, charactafized in that the hydroéehation is |
carried out at a temperature of tl:.e react'lon' medium
which is less than or equal to 150°C, 'preferably less
than or equal to 120°C and, more preferentially still,

10 less than or equal to 100°C.

————
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possible to calculate the follow ng selectivities: HVD = 96.13% HM
= 1.05% DCH = 0.09% AMCPA = 0.03% - NEt HVD = 0.06% BHT = 1.79%
Exanpie 9 : Preparation of an Ni/Al/Cr catalyst, 5 hereinafter denoted by
the reference D : 2.15 g of non-doped Raney Ni of Exanple€.1
are ~ placed*in an autoclave with 3 nl of water, 4.5 m of t he
CrJerr] solution prepared as in Exanple: 7 and:ﬁ%rﬂ of 6N sodi um

hydr oxi de solution. The entire m'xture is 10 heated at” 100[err] C under
2.5 MPa of hydrogen-and'mﬁth _ stirring for 1 hour. The catal yst D,

t hus doped, .i - then rinsed wwth 10 ml of 3N sodi unhydroxi de sol uti.on
t hen of 2N sodlunlhydrOX|de sol ution, then ofag$msadim hydr oxi de

solution and finally 3 tipRocEds rﬂ-omfmtmmﬂﬁrxoﬁtorsnscmmmr OB Ol M
hydr oxi de sol uti on. . The catalyst D-has a &/N ratio by
wei ght of 1.5%  HYDROGENATION OF NIYTRILES TO AMINES AND-USE OF THIS
CLAI V5 1. Process for the preparation of catalysts for the

' : CATALYST IN HYDROGENATION

The present invention relates to the field of
the catalytic hydrogenation of nitriles to amines and,
. more particularly, of dinitriles such as . adiponitrile
(ADN) to diamines such as hexamethylenediamine (HMD)
More precisely, ‘the present invention relates
to a process fcr ths preparation of a catalyst for the
h&drogenation_of nitriles to aminés~of Raney nickel '
type doped with at least one additional metal clemcnt
selected from cclumns IVB, VB and VIB of ‘the periocic
classification. | |
o It is targeted at providing an'economic and
easy-to implement process which makes it ‘possible’ to
obtain catalysts which are both active and selective
with respect to nitriles and stable. .
.The process is characterized in that it
_consists in suspending ﬁaney.aickel'in a solution,
preferabli an acid solution, of the additional metal

element.
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hydpogenation of nitriles to am nes of Raney nickel type doped with at
| east qmg additional netal elenment selected 5 fromchrom umand titanium
charact’efized in that it consi sts in suspendi ng Raney nickel in an
acidic solution of the additional netal elenment= Z. Pr ocess
according to Claim1l, characterized in t hat the

el ement used is provided in the 10 oxide or-ZZrorga Eﬂm II Ili ,|organ| C
acid salt form 3. Process accordl n hay acteri zed
in that the additional netal el enent i | ded in the chI ori de

and/or oxide form TiCl[err] being particularly referre

4. Process accor di nb to Bﬁ?cﬁﬁﬁ SPrOtQFrrE’rfPPEa§1°np°% a%agé’ éﬁ 7&K ithe
that the operation | aci spgnsion 1S f owe ,
preferably with W Epggna% °?h81§§ﬁi§ %Bkgfuélﬁsl é’%l eraSaeS’t Iy cgtoepeml’?h

th ddit I f

opgi gnal I 3 bei Ing ?Bﬁ gheagnﬁSQSt one e%ﬁd \%’gg){%geo%sga tbe\g%l]ng e'(tg\/\%eéra]éﬂéa"s
an

characteri zed [ nf?ﬁgt F%gﬁ‘gope %g;l/" i ét%?{‘ %‘t%frlge% r1§.1 I]teﬁc#e?iltand

stored, pref erabEXEsigtg $h' Q'&Qgg?lﬁ‘ing %ine nlc(itel i %ﬁ%%l@@rébnﬁ:i&q
any one of d ai haract'eri zed in that the Raney nicke
suspended in a of thel HEHRiGhadl wetddt cQRmeddi tional netal elenent i S

2. -Process according to Claim 1, characterized in

that the additional metal element used is provided in the
10 oxide or inorganic acid salt or organic acid salt form.

3. Process acéording to Claim 2, characterized in
that the additional metal element is provided in the
chloride and/or oxide form, TiCl; being particularly
preferred.

i5 4, Process according to any one of Claims 1 to 3,
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

20 operations pptionally being repeated n times, n
advantageously being between 1 and 5.

5. Process according to any one of Claims 1 to 4,
characterized in that the doped Raney Ni catalyst is
collected and stored, preferably, in a strong base.

25 6. Process according to any one of Claims 1 to 5,
characterized in that the Raney nickel, suspended in a

solution of at least one additional metal element, is
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-23- " 'subjected to an alkaline |eaching treatment carried out at a
tenperature greater than or equal to roomtenperature, preferably

bet ween 50[err]C and 200[err] C and nore preferentiall n-
80[err]C and 120[err]C, this leaching optionally 5 bgmmnﬂlnluu"ﬂm\ﬂﬂnder
a hydrogen pressure of between 0.1 and 20 MPa, preférably*between*1 and
5 MPa and nore preferentially still betwe3+ 1.5 and 3 MrPa. 7.
Process according to any one of Clainms 1 to 6, characterized in that

t he anount of adsabjectédntbadn alkaliénenieacbdngniirensmeatccogy icgh@ut @ts
are chosen so that t he catal ysts obtai ned have_a doping agent/N. ratio
of bet ween OaStempersturer greakprythbanwesnegvadn§osuPoRy tegperature,
preferentially still between 1.2% and 3% by wei ght

I(r)]rtt_hte cat al y% | BraferagirabrENesn 595CR-PPPi PQQgFoaé‘ﬁ'i fexe &Ff&zfd:teé‘%r.o Syl'sn
at it consists in resort to.t Ra NL . I |

by the pr pc%’%élécbﬁﬂlfeﬁg Pbggn9%8né%81g %poegwnigegh}%%t %ﬁatonoablt]é). ned

ocess accor gl 1t Qod e Y TEHEE Hybogen pkbtdf R 0.
NC- R- CN

and(ﬁb MPa, preferably between 1 and 5 MPa and more
preferentially still between 1.5 and 3 MPa.
7. Process according to any one of Claims 1 to 6,
characterized in that the amount of additional metal
10 element used and the reaction conditions are chosen so that
the catalysts obtained have a doping agent/Ni ratio of
between 0.5% and 5%, preferably between 1% and 4% and more
preferentially still'between 1.2% and 3% by weight.
8. Process for the catalytic hydrogenation of
15 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 7.
9. Process according to Claim 8, characterized in
that use is made of nitrile substrate of formula (I):
20

NC-R-CN (I)

in which R represents a linear or branched alkylene or
alkenylené group having from 1 to 12 carbon atoms or a

25 substituted or unsubstituted arylene or aralkylene or
aralkenylene group,

and preferably a nitrile of the formula (I) in which R
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in which R represents a |inear or branched al kyl ene or al kenyl ene
group having from1 to 12 carbon atons or a 25 substiLQLQQ_QL____*ﬁ_aﬂd_—
unsubstituted aryl ene or aral kyl ene or ar al kenyl ene group,

przzelf er e )r/egr glsteLIt !seaor i tnggrfS; mtj)lr gn(clh)edi gl w: gEeRr adi C“mm”w!."””lmmﬂ 3
o agl eprze
5

to 6 carbon atons. 10. Process accot2iéng to Caifm9,

in that the nitrile substrate is chosen from adi ponitrile,

met hyl gl ut ar oni t repeesentyl suddineani or branmlesh@likylieng radical having
succinonitrile and glutaronitrile and their m xtures. 11. Process
according to anyfeem 8f to & eardopoat®ms. characterized in that the
concentration of nitrile substrate in the total, reaction nediumis set

at a value of 10 betW#fen FTOFERASaAFCRFHING Gt HAMS gINAHRF I RG0S

bet neen 0. 1% a1, 20% oe pil s T S B Al AT O

| east one of EhemL%L§Tgf%%£%% 1'#15%,léég§léﬁ§gin3§§%rile, malononitrile,
succinonitrile and glutaronitrile and their mixtures.

11. Process according to any one of Claims 8 to 10,
characterized in that the concentration of nitrile
substrate in the total reaction medium is set at a value of

10 between 0.001% and 30% weight for weight and preferably
between 0.1% and 20%.

12. Process according to any one of Claims 8 to 11,
characterized in that use is made of a base consisting of
at least one of the following compounds: LiOH, NaOH, KOH,

15 RbOH, CsOH.

13. Process according to any one of Claims 8 to 12,
characterized in that the liguid reaction medium comprises
water, preferably in an amount less than or equal to 20% by
weight of the total liquid reaction medium and, more

20 preferentially still, between 0.1% and 15% by weight.

14. Process according to any one of Claims 8 to 13,
characterized in that the liquid reaction medium contains
targeted amine.

15. Process according to Claim 14, characterized in

25 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
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15 RbOH, ' CsOH. 13. Process according to any oneof Clains 8 to 12,
characterized in that the liquid reaction nediumconprises - ‘water, '
preferably in an anount | ess than or equal to 20% by umﬂ'ﬂm]lﬂﬂ"mm"ﬂ
total liquid reaction nmediumand, nore 20 preferential | ylEe!

0.1% and 15% by wei ght. 14. Process according to any one' of® *
Clains 8 to 13, characterized in that t425-iquid reaction nmedi um

cont ai ns targeted am ne. 15. Process according to Claim 14,
characterized i reg@pettatot thetwejjghtdofinthe totait Lédudddreacs iome meiddiit
reaction mediumin a proportion of 50 to 99% and preferentiall¥’in a
proportion of 60 to 996s byPHesgas aFearding to any one of Claims 8 to 15,

- 25- respect to the weight of the total |iquid reaction,nedium,_,

16. Process accofieyacteriaggdosp that) Uessig pgdesof a &HEF§§F€ﬁ95&?q n
that use is made of,a liquid,reaction di um,conpr.i sing an al coho

and/ or an ani de. Megium °°mE7?Slpgo€Bs§lﬁ8BgﬁdFHgVP5ngPaPWﬁ * characterized

ol e o PESEE B phOBh  7 BRersoon s

met hanol , et hanol, pr ycdl s,
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

10 dimethylformamide and/or dimethylacetamide.

18. Process according to any one of Claims 8 to 15,
characterized in that the base is used in an amount greater
than or equal to 0.1 mol/kg of catalyst, preferably between
0.1 and 2.0 mol/kg of catalyst and, more preferentially

15 still, between 0.5 and 1.5 mol/kg of catalyst.

19. Process according to either of Claims 16 and 17,
characterized in that the base is used in an amount greater
than or equal to 0.05 mol/kg of catalyst, preferably
between 0.1 and 10.0 mol/kg and, more preferentially still,

20 between 1.0 and 8.0 mol/kg.

20. Process according to any one of Claims 8 to 19,
characterized in that the hydrogenation is carried out at a
temperature of the reaction medium which is less than or
equal to 150°C, preferably less than or equal to 120°C and;

25 more preferentially still, less than or equal to 100°C.




v

such as ethyl ene glycol and/or propylene glycol, polyols and their
m xtures and in that the amde is 10 di nethyl formam de and/ or

di met hyl acet am de. 18. Process according to any one of Clains 8
to 15, characterized in that the base is used in an anount greater

than or equal to 0.1 nol/kg of catal yst, preferably between 0.1 and 2.0
nol / kg of catal yst and, nore preferential+36-15 still, between 0.5 and 1.5
nol / kg of catal yst. 19. Process according to either of Clains 16
and 17, characterized in that the base is used in an anount greater
than or equal to 0.05 nol/kg of catal ystagprrAerably between 0.1 and
10. 0 nol / kg and, norgrgerEss e i Pk YPREPARATION OFt Ac€ATALISINEFOR CCHB| / kg. .
20, Process accordlng to any one of Clains 8 to 19, characterlzed in
thiat t he hydr ogenatEYDROGENATION JOBUNTTRIBES TO F ;

medi um which is | ess than or equal to 150[err]C oreferably | ess than
or' equal to 120[err]C and, 25 nGATEALYSE ; EENRAITION | ess t han or
equal to 100[err]C.

The present invention relates to the field of
the catalytic hydrogenation of niériles to amines and,
more particularly, of dinitriles such as adiponitrile
{ADN) ta diaﬁines such as hexamethylenediamine (HMD).

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

It is targeted at providing an economic and
easy-to-implement process which_makes it possible to
obtain catalysts which are both active and selective
with respect to nitriles and stable.

The process is characterized in that it
consists in suspending Raney nickel in a solution,
preferably an acid solution, of the additional metal

element.




