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(54) Titre : PROCEDE D‘HYDROGENKI}ON DE FONCTIONS NITRILES EN FOl\}C'I'IONS AMINES

(57) Abstract: The invention concers a method for bydrogenating nitrile functions into amine functions, More particularly, the
invention concerns a method for total or partial hydrogenation of dinitrile compounds into diamine or aminonitrile compounds.
The invention concems a method for hydrogenating nitrile functions into amine functions. using bydrogen and in the presence of
< a hydrogenation catalyst and a strong mineral base preferably derived from an alkaline or alkaline-earth meral. The invention is
characterised in that the method comprises a step which consists in conditioning the catalyst by mixing the hydrogenarion catalyst
v 3 Specific amount of strong mineral base and a solvent wherein the strong mineral base is hardly soluble. Szid soivent isan amine
E compound such as hexamethylene diamine in the case of hydrogenation of adiponitrile into HMD and/or aminocapronitrile.
tg (57) Abrégé : La présente invention concerne un procédé d'hydrogénation des fonctions nitriles en fonction amines. Elle conceme
:-_-. plus pa.nfimliércmmt un procédé d'bydrogénation totale ou partielle de composés dinitriles en composés diamines ou aminonitriles.
= L'invention se sapporte 3 un procédé d"hydrogénation de fonctions nitriles en fonctions amines, 2 "aide d'hydrogéne 1 en présence
d'un camlyseur d'hydrogénation et d'une base minérale fonte dérivant de préférence d"un métal alcalin ou alcaline-terreux. Selon
Iinvention. Je procédé comprend une érape de conditionnement du caialyseur consistant 3 mélanger le catalyseur d"hydrogénation,
3 une quantité determinée de base minérale fone et un solvant dans jequed fa base minérale forie est peu soluble. Ce solvant est un
composé amine comme I"hexaméthyléne diamine dans le cas de 1"hydrogénation de " adiponitrile en HMD et/ou aminocapronitrile.




METHOD FOR HYDROGENAﬂ NG NI TRI LE FUNCTI O\IS | NTO AM NE FU 6}1\#’% PR
present invention relates to a'process. for the hydrogenapl%h 0 ewﬁ%te,
functional groups to 5 am ne functional group. It relates nore '
particularly to a process for the conplete or..partial hydrogenation of

dinitrile conrpo di ami ne or am nonjtril e conpounds. Hydrogenati-on

of dinitril es%%ﬁgl%ficorrespondi ng di a;l)i nes is a proc@%’%ﬂﬂ&%" been .
used for a long tine, in particular hydrogenation of adiponitrile to
hexanet hyl enedi ami ne, omETEOD! Per hAdROCERAEIIE M TRILE NEUNUT@BREAL | On Of
pol yanm-de-6,6. An increasing interest has becone apparent in 15 recent

years in the hydrogenation (al so sONEL i NESEk FBWATIONS heni hydr ogenati on) of

aliphatic dinitriles toTh%m' nonitril.es arti.cul ar the hydrogenation of

“adi ponitrile to 6-ani nocapr ﬁﬁ%ﬁﬁqte,uf‘;é%rlht?jtc%gr%]ﬁtﬁegr EiF EAFST via
Caprol actan | acool Yoot Z TS PRGN fon ARh ol aaes

process for the selec ydrogenation

correspondgn.gaﬁ%goehhgitli%alatgro%% 150C and under a pressure of greater
than atnospheric pressure, in-the presence of a solvent in a 25 nol ar

excess of at least 2/1 Wit BeN@SRECINQ thE-+ ;LAY €0 fahgf%é!'e\é.%”%or
conprising liquid ammonia or an alcohol” wth 1 to”™4 carbOn atons and an
i nor gani ¢ basen8 Seﬁbeﬁhéroioﬁértial hydrogenation of dinitrile
compounds_ to diamine or aminonitrile compounds.
Hydrogenation of ainitriles to the
10 corresponding diamines is a process which has been used
for a long time, in particular hydrogenation of
adiponitrile to hexamethylenediamine, one of the base
materials in the preparation of polyamide-6,6.
An increasing interest has become apparent in
15 recent years in the hydrogenation (also sometimes known
as hemihydrogenation) of aliphatic dinitriles to
aminonitriles, in particular the hydrogenation of
adinnitfilé'to 6—aminocépronitrile,“resulting either
directly or via caprolactam in polyamide-6.
20 Thus, Patent US-2-5 151 543 discloses a
_process for the selective hydrogenation of aliphatic
dinitriles to the corresponding aminonitriles, at
25-150°C and under a pressure of greater than
atmospheric pressure, in the presence of a solvent in a
25 molar excess of at least 2/1 with respect to the
dinitrile, the solvent comprisinglliQuid ammonia or an

alcohol with 1 to 4 carbon atoms and an inorganic base



2 which is soluble in said alcohol, in the presence of a Raney catal yst,
the aminonitrile obtained being recovered as main productSentamber2004

WO- A- 93/ 16034 di scl oses a process for .5 the preparation of
6- am nocapronitrile by hydrogenation of adiponitrilJ.e in the presence of an
I norgani c base, of a transition netal conplex, the transiti-on nmetal ' being
of ).ow yval ency and chosen from chrom um tungsten, cobalt and iron, and of
Raney ni ckel -as. 10 catal yst, under hydrogen pressure and at a tenperature
of 50C to 90C. Patent-WO A-96/18603 discloses the heni hydrogenation of
al i phatic di mttich ¢s. 561lublien@Ai t;aﬁkiealbbhbldrQﬁeﬂhénpkaéeﬁaéssgcg of a
catal yst 15 based- on optionally doped Raney cobalt or nickel and of a
strong .i nor g&aneybaséalyhe, sthet angnbydregteabbeaisedi b AGNPri si ng wat er,
am nonitrile and/or diam ne which are capable of being forned and
unconvert ed. gefPvered. as20aph| prhdsethydr ogenati on processes result in, the
desired am nonitrile and are presented as being able to be enployed ’
continuously in an i ndB8tenal Weranb3/HoWRdedisthessel achroceésesiand the
yields of .25 these g%ocesses have to be inproved-to,render them nore
conpet i tive. “BeSBpERRBRF19P08L 6-aminocapronitrile by hydrogenation
' ' of adiponitrile in the presence of an inorganic base, |
of a transition metal complex, the transition metal |
being of low valency and chosen from‘chromium;
tungsten, cobalt and iron, ané of Raney nickel_aé.
10 catalyst, under hydrogen pressure and at a temperature
of 50°C to 9gecC.. 7
' Patent WO-A-96/18603 discloses the
hemihydrogenation of aliphatic dinitriles to
‘aminonitriles by hydrogen-in the presence of a catalyst
15 based on optionally doped Raney cobalt or nickel and of
a strong inorganic base, the starting hydrogenation
medium comprising water, aminonitrile and/or diamine
which ‘are capable of being formed and unconverted
dinitrile.
20 o All these hydrogenation processes result in.
"the desired‘amindnitrile and are presented as being -
able to be employed continuously in an'induS£ria1
plant.
HoWever, the selectivitieé and the yields of

.25 these processes have to be improved to render them more

competitive.



3 One of the ainms of the present inventionis to provide a.process for the
‘hydrogenation of nitrite functional groups in the pre;eﬁb%ﬂ%@mbﬂﬁﬁpélyst
exhi biting an inproved yield and an inproved 5 selectivity. In one aspect -
of the invention there is provided a process for the hydrogenation of _
nitrile functional groups to  amne functional groups using hydrogen in the
presence of a hydrogenation catalyst and of a strong inorganic base N
deriving froman al kali ngetal or alkalirfe earth 10 netal, characterized in
that it conprises a stage.of 15 20 conditioning the catalyst which consists
in mxing the catalyst; th edet erm ned anmount of strong inorganic base
to be associated with bﬂ@ Eﬁ?s?lmﬁtﬁfatEGIQEﬁFePﬁ WAVERT1PRelstrong

oo 2 T AR o T I8t O L0t un
i si : .h ed d i |y, nt . e
comr 5119 L BeaEtmaunel,be +f)PhpcenaLet.andcoptLonal iy o sl vent | Th

term " hydrogenation cat I's un S . ticulbalrtand25
advant ageous Lyt t ( Rane c r Raney cobalt, -25
m xed oXidesE&F%EEEQﬁ%dgﬁtg#%f?2E§P¥g%%ure,aa§Ad¥§%¥%g%§aln W97/ 10052, but
al so suppertgdigBtal:seyin particular metals from Goup VIII of the

Peri odi ¢ Tabl e 8 Septenber 2004 .

In one aspect of the invention there is provided a
process for the hydrogenation of nitrile functional groups to
amine functional groups using hydrogen in the presence of a
hydrogenation catalyst and of a strong inorganic base

deriving from an alkali metal or alkaline earth

10  metal, characterized in that it comprises a stage of
conditioning the catalyst which consists in mixing the
catalyst, the predetermined amount of strong inorganic base
to be associated with the catalyst with a solvent in -which
the strong inorganic base is not very soluble, said mixture
comprising the conditioneéd catalyst being fed into the
hydrogenation reaction medium comprising the compound to be

15
hydrogenated and optionally a solvent.

20

The term “hydrogenation cataiyst” is
understbbd to'mean,'in‘particular_and,adﬁantageoﬁsly,
' Raney metals,'such as Raney nickei or Raney cobalt,
25 miked oxideé with a?hydroﬁa;cite struétﬁre; as
disclosed in.W097/lodS2; but alsdisubborted'metAIS, in

particular metals from Group VIII of the Periodic Table



4 of the El enents, such as nickel, cobalt, rutheniumor rhodium deposited.
on a support, which 'is generally a netal- oxide or acti8/8empaabecl0o4 | n-
the case of Raney netals, their instability on contact with the air
requires the use.of a I|qU|d storage medium This liquid nediumis-
general ly water. One enbodi ment may be the sol vent lused exhibits a good
affinity for the storage liquid, generally water, thus 10 making it .
possi bl e to obtain phase separation and fornatlon of a phase conprising
the strong inorganic base at a high concentration. A preferred enbodi nent,

be th ded 1 or a dium before the
ggélt?on gfsgﬁgegglggnt ? CI %é@%Ckgl?ﬁ%q%?%%f E%PQE9i¥@ O%hi ch do
not require %H@dﬁﬁﬁseﬂéﬁbgit@ds6ﬁr§g§%#§6&% cﬂﬁ%ﬁrﬁe%ﬁ¥?%thlle and

advant'ageous to add water to the m xt e ter

bet ween-t he Set¥ENbxAE. or tH€: SHOr Qgr-dbatii d or water" shoul d be under st ood
as neaning that these conpounds are soluble i.-n one .another. Likew se, the

term"not very sol ubl efn usigdl ddse 25 A tRdd 285 t hg sl ubility of ' the
strong inorgani’c base in the solvent should be interpreted as meani ng a 8
Septenber520¢mstab111ty on contact with the air requires the use of

' a 11qu1d storage medium. Thls llquld medium is

generally water.

One embodiment may be the solvent used exhibits‘a

_ good affinity for the storage liguid, generally water, thus

_ 10 making it possible to obtain phase separation and formation
of a phase comprising the strong inorganic base at a high
concentration. . A preferred embodiment, may be the strong
inorganic base added to said storage medium before the

addition of the solvent.

15
In the case of the other catalysts, which do
not requi;e the presence of a etorage'liquid, it may be
‘worthwhile and advantageeus to add water to the |
mixture. .

20 The term “affinity betweenfthe solvent and-
the storage 1iquia Qf water"-should_be understood as
meaning ehat'theee comﬁounds arelseluble in ene
'another.

| ‘leewise the term “not very soluble" used to
25 characterlze the solublllty of the strong 1norgan1c |

base in the solvent should be 1nterpreted as meaning a



10 15 solubility of less than 3% by weight of said base in the pure
solvent. Yet another enbodi ment may be the order of addi&$epterobenlng4
conponents or the mixture may be inmaterial. Still another embodi nent nmay
relate to the process, whereby the presence of the solvent results in a
phase separation of the strong inorganic base or of a concentrated
~solution of strong inorganic-base, formng a second |liquid phase
conprising all or essentially all of th anmount of base added. to the

m xture, this said phase may conprise of the strong-base belng and '

_remaining in n e.cat al, e fir phase’ belhg
“formed by tt$d1 oivé% a%d&%%% gkgp ag PVQWF&éi%dO ﬁP&ﬂa % A& sol vent
- of the base, g b@gelggﬁg%nhs added in the formof a solution in a
_sol vent:, such as water refore, the catalyst particles cone i nto

contact with a concentrated solution of strong 20 inorgani c base, allow ng
the catalyst to be conditioned by attachment or adsorption of the nolecul es
of strong base at the surface of said catal yst. The use of a catalyst

" conprising nol ecul es of strong base at its surface nakes it possible to
carry 2.5 out a hydrogenation with an inproved yield and selectivity.

- which are reflected in particular by a 8 Septenber 2004 decrease in the
~inpurities formed, as id$et||amethmred embodiment may be the order of

addition of the components or the mixture may be immaterial.
Still another embodiment may relate to the
process, whereby the presence of the solvent resolts in a
phase separation of the 'strong inorganic base or of a
10 concentrated solution of strong inorganic base, forming a
second liquid phase comprising all or essentially all of the
amount of base added to the mixture, this said phase may
comprise of the strong base being and remaining in intimate
contact with the catalyst, the first phase being formed by
the solvent and the storage liquid and optionally the solvent
15 of the base, if the latter is added in the form of a solution
in a solvent, such as water.

- Therefore, the catalyst partlcles come into
contact w1th a concentrated solutlon of strong
20 inorganic base, allowing the catalyst to be conditioned
by attachment or adsoerion of the molecules of strong
base at the surface of-said catalyst - ‘
The use of a catalyst comprls1ng molecules of
strong base at 1ts surface makes it p0551ble to carry
25 out a hydrogenatlon w1th an 1mproved yield and

select1v1ty,which are reflected in particular by a



. the .exanpl es - given bel ow. The. hydrogenatlon catal yst can advant ageously
conprise, in addition to the catal ytic met aI a dopi ng EB%EPFéWEh%f%Q%sen
fromthe elements fromGoups Ib, Ilb, Vb, Vib, VIIb and VI1I "of . the
Periodi c Table of the .Elenents, as publ i shed i n the Handbook of Cheni stry
and ~ Physics (\Wast, . 5t h edition of 1970 1971) and. alumi num present in
particular in Raney netals..10 The termy Raney rret al" is understood -as -
.meaning in particular 'Ra,ney ni ckel-. 6Raney cobalt. The strong inorganic’

A bases which ... are-suitable. for .the | nvent |'on" 'are aI kaI i .metal or alkaline
earth met al L.de Al 5 CsOH, and
their mxt ur(@é@&g@gg igt% gm@%é?égg %‘rﬁﬂ m*énfas ' Pﬁ&rafl'ﬁf}uFB st or age

medi um f or tlggeRgQg)ﬁpggrsablygnpfagigﬁabl y ‘water. Stl I I anot her enbodi ment -
may relate to the anmpbunt

the -catalyst .may be b@héeﬁ9d90éeﬁﬁtléﬁdc§9amﬁ£tp@énkQd@gntg A2'S
ul'ti mate anmount of base is deterni-ned for- eac cat al yst another

“preferred enbespeest, t ba aHa0BYohase thHBYcheadgded machhe §08dbiigni ng
stage in the formof a concentrated soluti-on or in the pure fornt 25 .8 .

SeptenberSZO@&ement chosen from the elements from Groups Ib, ITb,

The -

IVb VIb VITb and VIII of the Perlodlc Table of the
'_Elements, as publlshed in the Handbook -of Chemlstry and
Phys:.cs (Weast, 5th edition of 1970 ~1971), and. '
,‘alumlnum present 1n part1Cu1ar 1n Raney metals
10 - The term “Raney metal” 1s understood asr
:meanlng in partlcular Raney nlckel or Raney cobalt“
The strong 1norgan1c bases whlch are sultable
'.. fOr fheﬂinventloneare alkail_metal or alkallne earth
metal hydroxides, for example Lion,_ NaOH, .KOH, RbOH,

15 CsOH, and their mixtures.

Another preferred embodiment may be the
liguid storage medium for the Raney metal is preferably
water.

Still another embodiment may relate to the amount

-'éd of strong base added in the stage of conditioning the

catalyst may be between 0.1 mol and 50 mol per kg of
catalyst. The ultimate amount of base is determined for each
catalyst. .
Yet another preferred embodiment the strong base
may be added in the conditioning stage in the form of a
concentrated solution or in the pure form
25

strong base added in the stage of cond|t|0n| ng . "



7 Furt her nor

solubility of water or of the
‘desired | evel

€, the anpunt of solvent added depends on. the- degree of
storage liquid in this somwanmemmm&zmo4the
of concentration in the phase conprising the strong '5 base.

Advant ageously, the ratio by weight of the solvent to the water (or

storage liquid) will be at least equal to 1, preferably greater than or

equal to 2.

exanpl e) for

, Still another enbodi nent, the solvent may be 10 chosen from
t he conmpounds which may have an affinity (solubilizing ability, for

wat er or the storage l'iquid for the Raney metal and which,

contrast, do not have

f t | ub b f th t
i nor gani ¢ base. The coﬁgﬁ e%gbr%s(#ﬁéhsﬁBﬁP %oﬁg}ﬁghg éﬁ@ g;se ?nsthgng:

R o oA ek S e, A T

the water or

solubi ity ofcbhggba iarmeﬁﬁﬁpso?%eﬁ@sanah %f{%bae&@#gat 1egd St

“ anot her pref

- preferably apg. éaheenega£f§ﬂ0£ﬂlesetﬁhaaétceabeie

“reaction, or
carried ogt
t he sol vent

'shoul d advant age

rrent t vent may advant ageous

liquid ammoni a, in the case where ﬁe hydr ogenatton is

be~"an am ne,

ggbghéhgtpggéogenatlon

i'n

and

bhBed hbGsheag 50@§T?nlﬁhéﬁﬁéﬂﬂb B el §nbesausget he choice of
ous

y not all ow new substances
solvent to the water (or storage liquid) will be &t

‘least equal to 1, preferably greater than or equal to

>y

-10

15

20

Still another embodiment, the solvent may be
chosen from the compounds which may have an affinity
{solubilizing ability, for example) for water or the

storage liquid for the Raney metal and which, in

contrast, do not have an affinity {(low solubilizing
ability) for the streng inorganic base. The concept of
1nsolub111ty of the strong base in the solvent or more
speC1f1cally in the liquid phase formed by the solvent -
and the water or the storage liquid should be
understeéd'as-meaning a low selubility of the base, -for
example_of less than 1% by weight. -

Still another preferred embodiment the

solvent may advantageously be an amine, preferably an

amine corresponding to that obtained by the

hydrogenation reaction, ox liguid ammonia, in the case

' where the hydrogenation is carried ont:in a liquid

25

ammonia medium. This is because the choice of the

- solvent should advantageously not allow new substances

to be introduced into the hydrogenation medium and thus



to be introduced into the hydrogenati on nmedi um and thus 8 Septenber 2004 8
shoul d nmake- possi bl e easy and i nexpensi ve separation and Sgutéerobel 1004 _
recycling processes which are thus .not very penalizing for the process from-
a technical and econom cal. viewpoint. The stage of_ conditioning the
catalyst can be. ‘carried out under an inert atnosphere, optionally. under a
hydrogen atnosphere or under hydrogen prgessure. The process of the
invention applies nore particularly to.'.the hydrogenation of dinitriles,
such’ 10 as adiponitrile, to dianines, such as hexanethyl enedi ani ne (HVD),

or to the pashballdhmdkagpaagileneOéagﬁnaﬁadiﬁgﬁﬁéﬁisweOéeé’éféﬂ' es, such
as adiponitrile, to amnonitrile, -such as am nocapronittile. e latter

reaction i s padtoptiankyl}Sradyedingeptscéoset MhiBRULAST kg Of o4 act am
such as. 8-caprol actam obtained by cyclizing hydrolysis of the
am noni tril eve@nepenblyzindi Soherhdyprogesat foomrgacédomids Hafried out in
the presence of water, which represents 20. between 0.1 and 20% by wei ght
of the reactfepneBatam voewpeint he presence of another compound, for '
exanple liquid ammonia, the concentration of this conpound advantageously
bei ng | es8 than 50% byThei grgefof frondiben g ngtk umtyst can be
' carried out under an inert atmosphe;e, optionally under
a hydrogen atmosphere or undef hydrogen preSéure.
_Thé process pf the invention applies more
) part%culérly toﬂthe hydrogenation of dinitriles, such

10 as adiponiﬁrile; to diamines, such as o
hexamethylenediaming (HMD), or to thé partial
'hydrogenation or hemihYdrogenatidn of dinitriles, such
és adiponitrile, to aminonitrile, such és

- aminocapronitrile. The latter reaction is'particularly'

15 advantageous for the manufacture of lactam; such as
g-caprolactam, obtained by cyclizing hydrolysis of the
amiﬁonitrilé.

Generally, this hemihydrogenation reaction-is
qérfied out in the presence of water, which repreéents

20  between 0.1 and 20% by weight of the reaction medium,
orlin'the presence of another compound, for example
liquid ammonia, the concentration of this compound
édvantageousiy being less than 50%‘by:weight of the
reaction médium.

25 Thus, in a,specific embodiment of a
hemihydrogénation, the staiting h&drégenation medium

comprises water in 'a proportion of at least 0.5%‘by



Thus, in a specific enbodi nent of a hem hydrogenation, the starting

hydr ogenati on nmedi um . conprises water in a proportion of 83eptealér 2D08% by 8
Sept enber 2004 9 weight with respect to all the-liquid compounds of the
reacti on medium The nedium al so conprises one or nore diam nes and/or
amnonitriles, capable of being formed fromthe dinitrile by hydrogenation
wi t h ‘hydrogen, and 5 unconverted dinitwile.in a proportion, for the

conbi nation-of these three conpounds, of 80%to 99.5% by weight with
respect to the conbined |iquid conpounds of. '"the. reaction nedium The

al i phati c di wetghtewitvhi sbspastbec 401 eapboyeguid EBRpOLREESSE Ofnt he
invention are nore particularly the . dinitriles of ‘general fornﬁ?a (1):

NC- - R- CN (1) reaatiwn che@®ivepr Esentsdiuhi AB66 O6mpPr 2868 eshe dbKYhene or

al kenyl ene group having froml to 12 carbon atons. 15 Use is preferably
made, . i n t hedppwiees ndfoe anivemiiovihlesnf dipiblelef oéifieratmed 1) in
which R represents a.linear or branched al kyl ene radical having from2 to
6 carbon at ofEOmMERE | Sheyile Markydueeendiei omde] tlashy@ogemnmes of such
dinitriles, of. adiponitrjle, nethyl glutaronitrile, ethylsuccinonitrile,
nalonqnitgiI%FC%EE%¥H%%i@¥W4%£l%ﬁLRQUQHHEQRqﬁi%QRLtfﬂﬂrthﬁxtures, in

articular the .mixtures o di ponitril e and/ or_ of .
P : - ‘combination og éke e three compounds, of 80% to 99.5%

by weight with respéct to the combined liquid compbunds
' ofﬁthe.reaqtion_medium; ' | '
| _ Thé aliphatic dipitriles which‘can be
~10 7employed-in the process of the-invention are more
- particularly the dinitrileS'of general forﬁula:(I):
o Nc-h—_cm (1) |
-in which R repreéent; a linear or branched‘alkylene or
alkenylene'group having from‘l to 12 carbon atoms.
i5 Use is préferably made, in the process of the
invention, of dinitriles df' formula (I) in which R
represents a_linear or bfanched alkylene radical having
from 2 to 6 carbon atoﬁs,_
) Mention ' may in particulaf be 'ﬁmde, as
20 examples of ‘such dinitriles, of adiponitrile, methyl-
glﬁtaronitrile, ethylsuqcinbnitrilé, 'malononi£ri1e,
  succinonitri1e, giutafonifrile and their ndxﬁures, in
: particular the mixtures' of adiponitrile and/or of
'methylglutaroﬁitrile ~ and/or of .ethylsuccinonitrile
25 which can originate frdﬁ. éhe same process for the

synthesis of adiponitrile.



met hyl giutaronitrile . and/or of .ethylsuccinonitrile 25 which can
originate fromthe sane process for the synthesis of adig®ept¢mbdre2008

‘Sept enber 2004 10 In practice, the case where R = (CH2)4 will be the nost
frequent as this. corresponds to the use of adiponitrile (ADN) in the
present process. It is also.possible, in the process of the 5 invention,
to "add ,a strong base to the hydrogenati@n reaction nmedi um which is
identical to or different from that used for the conditioning of the
catalyst. -This strong, base is generally an alkali nmetal or alkaline earth

met al hydroxi de, carbonatpraccit&oxige. cadd %héréeﬁck'Q&HHPdMHﬁhhﬁﬁaa
conposi tion varying according to the type of. |nplenentat|on of the
process. ThtBei sndsgcalisequerit t bs ptloLesdryeorided coUlcHRat ghWi 38 as is
in. particular the case in tests on the |aboratory scale or for

smal'| -scal e ﬁ@m@%ﬁmlﬁg(m tin dilse phesettarpiogeseacti on medi um wil |
gradually grow richer in aminonitrile and, to a | esser extent, in diamne,
whereas the concentrat¥onisf alise t ppeibiea, dirt hthe deameass, bof ahle or nost
of said dgnltrlle js charged fromthe beginning of-the hem hydrogenati on,
or 20 can rdﬁﬁ?P?%ﬁ%ﬂl%8IF@§N@téﬁF°qg baseditel t the | bydgogienatddnced

gradual ly during the reacti .ln contrast, if the process is carried out
cont i nuousl V%€ ?éﬁ? é;?%: t+9Hn1denEheat et pEndifferent from

that gsed for the conditioning of the catalyst. This
strong base is generally'en alkali metal or alkaline
earth metal hydroxide,'carbonate or alkoxide.' .
10 | The reaction medium has a composition varying
aécording to the type of implementation of the process.

This is:because, if the process is carrled
-out batéhwiée} as is in partlcular the case in tests on
the laboratory scale or for snwll—scale-nmnufacturlng

15 trials, the starting reaction medium will gradually

rgrow richer in aminoﬁitrile and, to a lesser extent, in

diamine, whereas the concentraﬁion of dinitrile -ean

either decrease, if all or most of said dinitrile is

' eharged.fromtthe beginning ofrthe_hemihydrogenation, or

20 can remain relatively constant, if the dinitrile. is
introduced gradually during the reaction.

_In‘eontraet, if the process is carried out
ebntiﬁuously, the average composifion ef the feacﬁion
medlum reaches values predetermlned by the degree of

25 conver51on and the select1v1t1es of the reaction.
Water is usually present in an amount of less

than or equal to 20%. The water content of the reaction



medi um reaches val ues predeterm ned by the degree of 25 conversion and the
selectivities of. the reaction. Water is usually present 83epemberdid of
less than or equal to 20% The water content of the reaction 8 Septenber
2004 11 nmediumis preferably between 0.5% and 15% by wei ght wth .respect
to the combined liquid constituents of said nedium The concentration of
the targeted amno nitrile and/or of theqcorresponding diamne and of the
unconverted dinitrile in the reaction rredl umis .generally between 85% and
98% by wei ght with respect to the conbined |iquids included. i n sa| d

reaction rredm@ﬁhuiﬁhel§ab%b)f%§:§b§§edbéf‘wé&hs ohe hé{ﬂﬁogﬁ?t

g& )y ocess
can' be‘a Raney nickel or a Raney cobalt conprising, in additio “ t he

ni ckel or theichbatéspact the tB&i dushbar@nts Lfid h@oﬁgggkugﬁﬁgve&from :
the. starting alloy during the preparation of the catalyst at 1's to say .
general |y alasidumpdinm.or nore other 15 elenents, often known as doping
el enents, such as, for exanple, chromum titanium nolybdenum copper,
tungst’en, iron or zi ncTh@npagnteeseaddphngoél emdiet s, tarefut@d UmiGRRPer,
titanium: iron and their mixtures are regarded as the nost advant ageous.

These dopPngh2brélenandéonsesl Inhe epresespondingedjanine t kndesgecthe 0 the

~wei ght of nickel or of cobalt, fromO0%to 15%and preferably from0%to
10% _unconverted dinitrile in the reaction medium is

.gene:ally between 85% and 98% by'weight with respect to
the combined liquids included in said reaction medium.
| The catalysts ‘used in this hem;hydrogenatlon
10 process can’ be a Raney nlckel Oor a Raney cobalt
comprising, in addition_to the nickel'or the cobalt-and
the residual amcuntsi of the metal temcved.-frcm the
_‘startlng alloy durlng the preparatlon of the catalyst
| that is to say generally aluminum, one or more other
15 ele@ents, often known as doping elements, such as, for
example, chromium,'_ titanium, molybdenuﬁ, ' copper,
tungsten, iron or =zinc. Among these doping elements,
chromium, copper,_titenium,:iroh and their mixtures are’
regarded as‘ the ﬁost advantageots; These doping
20 Velements usually represent by weight w1th respect to
the weight of n1cke1 or of cobalt, from 0% to 15% and
pteferably from 0% to 10%.
| Use mayi also advantaceously; be‘ made of a
catalyst -based on ruthenium deposited on a support
-'_'25s coﬁposed of acetylene black. This catalyst can also
comprise ‘dopihg' metal elements‘Aincluded in the 1list

mentioned for the Raney metals.



Use may al so advant ageously be nade of a catal yst .based on ruthenium
deposited on a support 25 conposed of acetyl ene black. THi Sepdemben2004can
al so conprise doping netal elenents included in.the list rmentioné&d for
the Raney netals. 8 Septenber 2004. 12 The anpunt of catal yst enpl oyed can
vary very widely according in particular to the nature of the catalyst and
the nmethod of operation adopted or 'the reaction conditions chosen. By way
of indication, use 5 may be nade of .0.%&“0 50% by wei ght of catal yst,
expressed as weight of netal with respect to the total weight of .the

reaction medi um and gengr ghbyingf o:lf%cgc&g&?éoaé;'%l\@: | E)cna'nt eTherg‘E%szf of

the invention is generally 10 carrie

| ess than' owigeuyaladcoAdiy Qhefﬁéﬁpi&lupéfl 835 ‘L-E@Bépé[ﬁlﬁaé‘%ft o%elz-oc and

nore preferably still of less than- or equal to 1 n concre terns,

this tenperatatelyst knmdetheemariib@niort eAPeratubs R MBLelyhL00) and
100C. Prior to, sinultaneously with or subsequent to the heating, the '

reacti on- chuebetios omddht ons tdleosappr Bpr valye S¥dRaaeRaRLBsSUNRe that is
to say, in 20 practice, between 1 bar.(0.10 MPa) and 100 bar (10 MPa) and
preferabl § b@@weé?ﬁ S5made (0f5 MPH) +toanslos0 yar weight of cataiyst_,'
' ' _expressed as weight of metal with respect to the total
weight of the reaction medium, ana generaily of 1% to
35% by weight. ’
| The process of the invention is generally
10 anrried out at a reéctiondtemperature of lessrthan‘qr-
equal 'to i5Q0¢°c¢, preferably' of less than or equal té
120°C and more'ﬁtefefébly étill of less than or equal
to 100°C. | |
In "~ concrete  terms, this tempefature is
15 betwéen‘ ambient temperature (approximatel} 20°C) and
100°C. | | |
Prior to, simultaneoﬁsly' with or subseguent
to the heating, the'reaction-chamber is brought to the
appropriate hydrogen pressure, that' is to say, 'in'.
20f ﬁrac;ice, between 1 bar (0.10 MPa) éhd 100 bar (10 MPa)
andr preferably - between .S'bérrrkO.S MPa),.and 50 bar
(5 MPa) . o |
The other conditions which govefn the
_ ﬁydfogenation (continuéus"or  bétchwiée) in ‘accordance
25 with the invention ‘relate to cdnventional' technicai

arrangements which are known per se.



(5 MPa). The other conditions which govern the hydrogenation (continuous
or batchwi se) in "accordance 25 with the invention rel at & $epigobersiOdonal
techni cal arrangenents which are known per se. 8 Septenber 2004 13
Furthernore, these conditions can be nodified in order to nodify the
degree of conversion of the dinitrile to diam ne according to. whether a
high selectivity for aminonitrile is degired or conversely conplete
hydrogenatlon of the-dinitriles to diamnes is desired. The follow ng

exanples -given. solely by way of "i ndicatipn, illustrate: the i nvention. In
these exanpl es, the fohbOMhdBnoAd, AbREEY] ébh&ﬁ!élgﬁ‘é ke ? dl%?'éd
adi ponitrile -  ACN = an1nocapron|trlle - = exanetﬁy ened amne - DC =

degree of canvebsides (& bynowei Bt thed @égﬁé‘ep% t Ebhgeganyar tef) tﬁg
selectivity with respect to the converted starting substrate of

compound  AGM.I(MDACN cnormmiamyﬁ& odtebndiingl t Bo r GhReBErt 0at heihat al
anount ‘of ADN converted). 20 EXAVPLE 1 0.806 g of potassium hydroxide, in
sol ution selectivity for aminonitrile is desired or conversely :
5 complete hydrogenation of the dinitriles to diamines is
~ desired. |
The followihg examples, g:l.ven solely by way
- of .indication, 1llustrate the invention.

In these . ‘ examples, the following

10 abbreviations may be used:

- ADN =" adiponitrile’
- ACN = - aminocapronitrile
- HMD = hexamethylenediamine

- bC = degree of conversion (% -by weight
15 -of_ adiponitrile converted)

- YD = selectivj.ty with respect to the
converted starting 'substrate' (mol% of compoundr
ACN (YDacy) or. HMD (m@) obta:med with respect to the
total amount of ADN converted) . |

20 EXAMPLE 1

0.806 g -'o_f potassium  hydroxide, in solution
-iIi 4.-2 g of Vwater, is mn.xed WJ_th '37. 8 g of hexa- o
methylened1am1ne in a stlrred reactor

- The mixture is kept stirred at 80°C. a two-

25 phase system is formed. The organic phase, comprising -

the HMD, is a.nalyzed to determine the water content and



in 4.2 g of water, is mxed with 37.8 g of hexa- nethylenediamne in a
stirred reactor. The mixture is kept stirred at 80C. A t#SePembRIFE04yst em
is formed. The organi c phase, conprising the HVD, is analyzed to determ ne
the water content and 8 Septenber 2004 14 potassiuni. ; hydroxi de content.
The results are as follows: Water content:.8.2% by wei ght Pot assi um

hydr oxi de concentration: 0.0287% by 5 m@ught The aqueous. phase is 'thus an
apprOX|nater 50 % by wei ght potassi um hydroxide sol ution. The amount of
pot assi um hydr oxi de -present in the organi c phase represents--1.5% of the
anount of - 1@otpetism urhihychoxdsle ebacend. Bl eseduapd 3 @éanp%g 1lis
repeated-by mxing 252 -g of. HS,' 126 g of ethanol and 5.76 g of sodi um
hydr oxi de i nfoddbusizon in 42 g of water. 15:Analysis of the organic phase
obtai ned after stirring shows that it conprises 7.16% by wei ght of water
and 0. 3252% of sodi um Wpdrtxcdetelhi:s8ra@suby whoghtt hat approxinmately 25%
of the. sodium hydroxide charged is found in the organic 20 phase, which
conpri ses ‘a sol vent ofPPﬁéS§é§muhNdW@Gndﬁ|@@pqamuaatlemhaNDMZ87% by

5 weight
The aqueous phase is 'thus an.‘approxiﬁately~
' 50% by'weight‘potassium hjdroxide solution.
_ The amount of potassium hydrox1de present in
_ 'the organlc phase represents- 1.5% of the amount of
10  potassium- hydrox1de charged.

'Examples 2 and 3

Example 1 is repeated by mixing 252 .g of HMD
126 g of ethanol and 5.76 g of sodium hydroxide in
Vsolution in 42 g of water.

15 Analysis of the organic phase obtained after
stirring shows that it comprises 7.16% by weight of
water and 0.3252% of sodium hydroxide. |

- This result shows that approx1mately 25% of
the sodlum hydrox1de charged is found in the organlc

20 phase, ~which comprlses a _solvent of the- sodlum
hydroxide, namely ethanol. | |

Similar teste, withoet-'etheﬁell but 'ueing

378@; of HMD insteed of 252 g, makee’it peesibie'te
- obtain .a concentration of sodium hydroxide in the . -
25 organic phase of 020496%. In this.example, 3.6% of the

sodium hydroxide charged is Found in the organic-pﬁasel



Simlar tests, wthout ethanol but using 378 g of H12D instead of 252 g,
makes-it possible to obtain a concentration of. sodi um 3/&emembe 2004t he.-
.25 organi ¢ phase of 0.0496% In this exanple, 3.6% of the sodi um hydroxide
charged "is--found-in the organic phase. 8 Septenmber 2004 15.. Exanple
Anal ogously to Exanple 1., '20-g of. Raney nickel, present in 18 g of
water, are mxed with 180 9g of . hexanpshylenedlan1ne and 0.89.6 g of 5
pota55|un1hydrOX|de in solution in 4.23 g of water. The mxture is stirred
at 80C. Analysis of the HVD based organic phase shows that it conprises
.10. 2% by weEghtpbé dater and 0.0123% by wei ght of potassium hydroxi de.
The ‘anmount of 10 potassi um hydroxide. present ;.in the organic phase .
represents 2. 8% of theApalagsushyhydooxEgemphar ged. - 90. 3% Ry . we of the
pot assi um hydroxi de charged is thus in direct contact with the cafalyst.
Exanpl e 5 15099bel, of PFREENE2 tnof 1&g erofandvaiek g afre Ramieyedi ekeh doped
with 1. 5@6by me ht of chrom um are charged to a. stirred reactor. 0.462 n
of a 388-g/1+8Po¥ a8si unf hy heramrt ol enediamime added i n loBdeér ot 0 elftain a-

KOH Ni raglo of ‘0.5 no hJéY‘F'-g The m xture is, .20 kept stirred at a
t enper at ure BPt %%%3“”"? %%‘3? 8 splubienuited - B?dgogénwpr—essumheat 25

bar. - mlxture is stirred at 8g°cC.
7 Ana1y51s -of the HMD-~ based organic phase shows
‘that it comprises 10.2% by weight of water and 0.0123%
by weight of potassium hydroxide. The amount of

10 potassium hydroxide present',in' the organlc phaee
represents 2.8% of the pota551unl hydrox1de charged
97.2% by welght of the pota351um hydrox1de charged is
thus in direct contact with the catalyst.

Example 5 _ '

15 240 g of MMD, 52 g of water and 6.4 g of
Raney nickel doped with 1.5% by weight of chromium are
charged to a stirred reactor.- 0.462 ml of a 388 g/1

' potassium hydroxide solntion arer added in order to .
~obtain a KOH/Ni ratio of 0.5 mol/kg. The mixture is~

20 kept stirred atra temperature of 50°C. The reactor.is
~placed under hydrogen pressure at 25 bar. S

' 40 g ‘of adiponitrile are added.-to'nthe
,.reactor' After reactlng for 50 mlnutes, the medlum.ls"
cooled and analyzed by gas chromatography to determlne

25 the total degree of conversion (DC) of the adlponltrlle'

(ADN), 'the selectivity (YDaew) oFf _the reaction for



40 g of adiponitrile are added. to ..the reactor. After reacting for .50
mnutes., the nediumis cooled and anal yzed by gas chr ondt3rpterpbgr 2004
determne 25 the total ~degree of conversion (DC) 'of the adiponitrile
.(ADN), the selectivity (YDACN) -of the reaction for 8 Septenber 2004 16
am nocapronitri-le (ACN) and the Poln concentration of the nmedium This
pol ar ogr aphi ¢ nunber represents in parigcular the concentration of imne
conpounds in the medium It is . determi ned by pol arography and is _
expressed in noles of inine functional group per tonne 10 of sanple to be
quanti ti ati vehyndeapronnedilBegizari)of ag@nweissi pe1of c@g&e@g@atl%% 8(9f
Selectivity for ACN (YDAc): 68.3% Poln.in not/t: 21 Conpar ative Exanple 6 _

Exanpl e 5 wash ?e@@@l‘éﬂj but with addition of the potassium hydr oxi de
simul taneously with the . adiponitrile. The anpbunts added are identical. 15

The resul ts obtained aFeifis feplaneoramyree ofumbenver sepnesénfAON (R0 :
81.1% Sel ect|V|tg ior ACN (YDAQ): 69.7% Poln in nol/t: 76 This result.
clearly showR2F HECR agcphgqungentratlon of imine compounds in the '

5 medium. .It is . determined by polarography and is
expressed in nmles of imine functlonal group per tonne
of sample to be quantltlatlvely determined.

'_Degree of .conversion of ADN (DC):_83{8%
_ Selectivity for ACN {(YDaoy): 68.3%
10 : - foln in mol/t: 21

Comparative Example 6

" Example 5 was repeated but w1th addltlon of
 the pota351um. hydrox1de 51multaneously' with the
adiponltrlle,‘Theramounts added are identical.

15 The results obtained are as follows:
| Degree.of conversion of ADN (DC): 81.1%
‘Selectivity for ACN (YDaw): 69.7%
'Poln in mol/t: 76
| -.This result clearly shows the effect of the
.f20 stage of condltlonlng the catalyst on .the purity of the
product obtalned

- Example 7 and Comparative Example 8

A catalyst based-on ruthenium doped with 1%
by welght of iron on an acetylene black support sold
25 under the - name Y 70, is obtalned by the following

process:



20 stage of conditioning the catalyst on-the purity of the product

obtai ned. Exanple 7 and Conparative Exanple 8 A catal yst &3epember 200¢heni um
doped with 1% by weight of iron on an acetylene black support, sold 25
under the name Y 70, is obtained by the following process: 8 Septenber 2004
17 2D g of Y70 acetyl ene black, sold by SN2A, are charged to 800 m , of

wat er. The. suspension is heat ed to-90Cpith stirring. 1.8 g.of Na2CC8 in a-
total of .70 ml of water are added. After a period of 1 hour, 5 a solution
of 2..16 g of RuCl3 hydrate in. 1.20 ml of water is added. After 1 hour, a

solutlon of 1 g of FeChB gh&ﬁahydmﬂétégyféﬁ@tghagk'ﬂgéddog N IS run
"After a further hour, the nmediumis allowed to cool ¥O tenﬁerature

of 40C. Aftearéi | tharged, .tde 800 aklySiof Swagshed wheh éué @?@é i o '
wat er at 40C. The catalyst is dried in an oven for 1 hour at . 120&' 21 3 g
of catal yst heatedt &Pn88°CBwibhesthertagt, 1.8 gsodr NagcoN an Ouerfor  15.
10 hours at 80C under reduced pressure. 2.4 g of catalyst prepared
accor di ng t 0 hélamdy@fpmetess ave sadded! hbter angefigdofoflGNHRRtdssi um

hydrOX|de are added
5 a solution of 2. 16 g of RuCl; hydrate in 120 ml of water

is added. After 1 hour, a solutlon of 1 g of FeCl;
hexahydrate in a total of 70 ml of water is run in.
After a further hour, the medium is allowed to cool to
a temperature of 405C._
10 After'filtration,_the catalyst is washed with
"4 times 200 ml of water at 40°C. |
The - catalyst is drledrln an oven for 1 hour
at 120°c, -21.3 g of catalyst are obtalned
| Before the test, it is dried in an oven for
15 lO hours at 80°C under reduced pressure. 2.4-g7 of
catalyst prepared according to the above-process; 4.8 g
. of water and 5 g of 15N potassium hydroxide areradded
to 36 g of HMD. |
| ‘ The me&ium is mixed at a temperature'of'80°c
29 -and placed under a hydrogenrpressare of 2.5 MPa. 36 g
of adiponitrile are,added‘to tﬁis medium.
'iAfter reaction, the medlum is analyzed

The follow1ng results are obtalned

f,reactlon tlme:' . 105 min
25 - DC of the ADN: 673

- YI)Alcn 75%

- Poln : g 35 mol/t



to 36 g of HVD. The nediumis mxed at a tenperature of 80C 20 and pl aced
under a hydrogen pressure of. 2.5 MPa. 36 of adiponitri [&Septemberdi®4t o
this medium After reaction, the mediumis analyzed. The follow ng results
are obtained: - reaction tine: . 105 mn 25 - DC of,.the ADN: 67% - YDACW
75% g - Poln 35 nol/t 8 Septenber 2004 18 A test using the .procedure of
Conparative Exanple 6 and the nmasses apg products used in the above
Exanple 7, in, particular the same catalyst, gave the follow ng results:
reaction time: 110.mn. DC of thée ADN: -68.5 % YDACN 73% - Poln 92 nol/t
5 8 Septenber 2004 WO A1/66541 d&r@CT/tﬁg)lbgg@gauggAI(B@ Compbd Y 0gkss for
t he hydrogenatl on of

.Example 6 and the masses and products-used in the above

_Exampler7, in particular the same catalyst, gave the

following resultér

5 '+ - reaction time: .110.min
- DC of the ADN: . 68.5 %
- Yow . 73%
- Poln 92 mol/t



nitrile functional groups.to am ne functional groups, using hydrogen in
the presence of a hydrogenation 5 catalyst and of a strorfgSéemenberd®4base
deriving from an alkali netal or alkaline earth netal, characterized in
that it conprises a stage of conditioning the catal.yst: which consists in
m xi ng the catal yst, the predetermned anount of strong inorganic base to
be 10 associ WPe@lvbbhlihe catal yst withla sol vent in waceprrbDEo6EEPNO

i norgani c base .is not very soluble, said mxture conprising the

" conditioned catalyst being fed into the hydrogenation reaction nedi um
conpri.sing the conpound to be hydrogenaties and optionally a solvent. 15 2.
The process as clained in claim1, characterized in that the hydrogenation
catalyst is chosen frointheAgproapessniost thg bffdRageyavtdal 6§ netals from
Goup VIII of the Periodic Table of the Elenments deposited on a support,
and m xed oxPHEEIHft Funobienaldeveabei te amiuet fwect Bondhegpowsess as _
claimed in claim?2, _characterized in that the Raney netal is Raney nickel
or Raney cobBftD9shYSHRopR oteskhaspreaened o &l ydrogenst idrar act eri zed in

~that the petal rom Goup_VIII are chosen fromthe group consisting of
ni ckel , ‘¢ ba???a%yﬁgp?%‘gb&f B0DUT DT r LRPEFARIT PR S HYRl imng Herauppor t

bei ng chosen, {r om . Bt al, oxides, active charcoal or agetyl ene bl acks.
in that it comprises a stage of conditioning the
catélyst wh;ch.consiSts in mixing the catalyst, the
predetermined amount of stréng inorQanic bése to be
10 'asspciated with-the catalyst with a solvent in which
the strong inorganic base‘is noﬁ very soluble, said
. mixture cémpriSing the qon&itidned catélyst.being féd
“into the hydrogenation reaction medium comprising‘the
compound to be hydrogenated and optionally a solvent.
15 2. The process as claimed in claim 1,
characterized in that the hydfogenatioh catalyst is
chosén from the group consisting-of Raney metals,
metals from Group VIII of the Periodic Table of the
Elements deposited on a support, and mixed oxides with
- 20 a hydrotalcite structure.
| 3. The process as claimed in claim 2,
charactefized in that the Raney metal is Ranéy nickel
or Raney cobalt.
4, The process as claimed in élaim 2,
25 characterized in that the metals from Group VIII aré

chosen from the group consisting of nickel, cobalt,



5. The process as clainmed in one of the preceding clains, characterized in
that, when a liquid known as a storage |iquid is associ at&Semeimnbet20@4use of
the catalyst, in particular a catalyst based on Raney netal, the
abovenenti oned sol vent and said storage liquid.. ar.e soluble in one

anot her, the strong inorganic base not being very soluble in-.the solution
of the 10 solvent and of the.storage ligaid. 6..- The process as clained in
one of the -preceding-clains, characterized in that the m xture for
conditioning the catal yst conprises water. 7. The. process as clainmed in
claimb5 or 6ruthsninarasferhedduiny thet supberti Begnki 8Hb8chOErghor age of

t he .hydrogenation catalyst. 8. The process as clainmed in one of the
precedi ng cl BFka] @ﬁaﬁaéteaCZeUE|qhahabalhersabeeplems bRa&RgPOUNd
conpr|3|ng .one or nore.amne functional 20 groups or liquid anmonia. 9. The
process’ as claimed in ehai nffBe pPrhaeastasicbainedt mtondesfotvent is an

am ne conpound formed by the hydrogenation. reaction or is identical to a
conmpound f orRBEA By EAeC ﬁ?ﬂ@%geﬂ%ﬁ¥%ﬁt?§%%¢dcﬁﬂ Py0. witre rbomssd as '
cl ai mred |§ of the recedi ng. claing, characterized in that the strong

i nor gani ¢ baSe°T3 %%Ia%dgtf%r?%% f’rﬁ‘ﬁ’r‘a heRtirtote sehilenthe 280021

storage of the, R@Q@Xl}'@t al 11?e£>e(a)rr§1éu aradéjléal.tgqygsft t]:?aes.ed on Ra.ney
metal the abovementloned solvent ‘and sald storage
liquid are soluble-ln one another, the strong inorganic
. base not being. very soluble in- the solutlon of the
10 solvent and of the .storage llquld
‘6.-‘ The process as claimed in one of the
fpreoeding-claims, oharacterized in that-the_mixture for
-conditioning the catalyst compfiees water.
7. The process as claimed in claim-S or 6,
15 characterized in that water is a liquid for storage of
_the hydrogenation catalyst. |
8. The process as claimed in one of the
precedlng clalms characterlzed in that the solvent is
a compound comprising one or more amine functional
.20 groups or liquid ammonia.
| 9. The process as claimed in claim 8,
hcharacterlzed in that the solvent is an amine compound -
_,formed by the hydrogenatlon reactlon or is 1dent1cal to
~a compound formed by the hydrogenation reaction. |
25 .-.. 10. ' The process as claimed in one of the,
preceding claims, characterized in that the strong

inorganic base is added to the liquid medium for



solvent.' 11. The process as clainmed in one of the preceding. clains,
characterized in that the stage of conditioning the cat zﬂg@ﬁtembgmqu ed
‘'out under an inert atnosphere. 12. The process as clained in one of clains
1 to-10, characterized in that the stage of conditjoning the catalyst i-s
carried out under a 10 hydrogen atnosphere or hydrogen pressure. 13. The
process as clainmed in one of the preceging clainms, characterized in that
it consists in hydrogenating a dinitrile to an amnonitrile and/or to

di am nes. 15 14. The process as clained in claim 13, characterized in that
the dinitriletosagdi ponihei Renapdmetaltbafoté. tEONSHSI iR HydFQgenating
adi ponitrile to am nocapronitrile and/ or hexanet hyl enedi am ne. 15.. The
process as cf@aivedtin either of 20 clains 13 and 14, characterized in-'that
the solvent is hexanethylenedlanlne 16. The process.as clainmed in one of
the preceding clains,ltharBiee eproeess nas hataimed rit iandyof netss of the
solvent to the liquid nediumfor storage of .25 the catalyst or the water
in 'the ni xtEﬁ"éc‘?%n%o‘ﬁ%ﬁ%m%mW%%t%mm@'slnH’shdi HleasttagpadlEto 1. 8

Septenber 2004 gZ 17... The: process_as clainmed in one of the
tlonlng the catalyst 1is carried out under an inert

atmosphere.

12, The pfocess as claiméd in one of claims
1 to 10, characterized in that the stage of
conditioning the catalyst is carried out under a

10 hydrogen atmospﬁere br hydrogen pressure.

13.: The ?rccess as claimed in one of the
prededing claims, characterized in fhat-it,consists.in
hydrogenating a dinitrile to an aminonitrile aﬁd/ér to
diamines.

15 ._ i14. The process as claimed in claim 13,
'characterlzed in that the dlnltrlle is adlponltrlle and
in that it censists in hydrogenatlng adiponitrile to
amlnocapronltrlle and/or hexamethylenedlamlne

15. The process as clalmed 1n elther of

20 claims'13‘and 14, characterized in'that the solvent is'
hexamethylenediamine. |

16. :The process as claimed inrone of thé

‘, preceding claims, characterizéd in fhat the ratio:ﬁy
mass of the solvent to the liquid medium for stofage of

25 the catalyst or the water in the mixture for

conditioning the catalyst is at least equal to 1.



precedi ng clains, characterized in that the concentration of catalyst in
the conditioning mxture 1is |less than or equal to 30% by Sestgrhber 2009r essed
as 5 weight of netal. 18. The process as clainmed in one of the preceding
clainms, characterized in that the catal yst conprises doping el enents. 19.
The process as clained in claim 18, 10 characterized in that the Raney
metal is Raney nickel, the doping el eneZ or el enents being chosen from
the elenents fromGoup Ib, lib, IVb, VIb, VIIb and VIII of the Periodic
Tabl e of the Elenents. 20. The process as clained in claim18, 15
characterized in that the Raffdie mtadess Farehaiduihlin orheofdgitg el enent
or elenments being chosen fromthe group consisting of the elenents from
Groups |b, 11BRTEIHNNY P2 NAY b KRFAAHGT IS R Betdtodite Tabl e of -t he

El ement s. . . s
' concentration of catalyst in the conditioning mixture

is less than or equal to 30% by weight, expressed as
5 weight of metal.

18. The process as claimed in one of the
preceding claims, characterized in that the catalyst
comprises doping elements.

18. The process as claimed in claim.18,

10 characterized in that the Raney metal is Raney nickel,
the doping element or elements being chosen from the
elements from Group Ib, IIb, IVb, VIb, VIIb and VIII of
the Periodic Table of the Elements.

~20. The process as claimed in claim 18,

15 characterized in that the Raney metal is Raney cobalt,
the doping element or elements being chosen from the
group consisting of the elements from Groups Ib, IIb,
IVb, VIb, VIIb and VIII of the Periodic Tabie of . the

Elements.



