Title: METHOD FOR HYDROGENATI NG NITRILE',FUNCTLCNS | NTO AMN
Abstract: The invention concerns a nethod for-hydrogenating
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functions into anmine functions. Mre particularly, the invention concerns

a method for total or partial hydrogenation of .dinitrile conpounds into

di amine or amiygnidyjd&£phpounds. The invention concerns a method for <

hydrogenating nitril unctions into am ne ﬁunbtiohs, usi

the presence of a hydrogenation catalyst and a strong mineral base
preferably derived fromerrabkedr nErpROCRNKENG ermait.s NediRi@bns The i nventi on

i:s characterised in that the nmethod comprises a step which consists in
condi-tioning the catal yst by nixinﬁw¥ égﬁyﬁ
aimunt of strong ninera&h'ase and .a solvent wherein the strong m neral
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It relates more particularly to a pfocess for
the complete or partial hydrogenation of dinitrile
compounds_ to diamine or aminonitrile compounds.

Hydrogenation of ainitriles to the
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
recent years in the hydrogenation (also sometimes known
as hemihydrogenation) of aliphatic dinitriles to

aminonitriles, in particular the hydrogenation of

adinnitrilé'to 6—aminocapronitrile,“resulting either

directly or via caprolactam in polyamide-6.

Thus, Patent US-A-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
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



| NTO AM NE FUNCTI ONS The present invention relates to a process for the
hydrogenation of nitrite functional groups to 5 amne ffheenteonber #04up. It

rel ates nore particularly to a process for the conplete or parti al

hydr ogenation of dinitrile -conpounds_ to diamine or. aminonitrile

conpounds. -Hydrogenation of dinitriles to the 10 corresponding diamnes is

a process which has been used  for a long tine, in particular hydrogenation

of adiponitrile to hexanethyl enedi am ne, one of the base mterials in the

preparation of polyam de-6,6. An increasing interest has becone apparent in

15 recent yeahschnisheolyblegenakhdd 6aksBoI9Mehi FBS KPEWANCBSof &

hem hydrogenation) of aliphatic dinitriles to ammnonitriles, 1 n particular

t he hydr ogen®eney chtadgsponthei bmihonbtatisochpaghktikbkengr esul ting either

directly or via caprolactamin polyam de-6. 20 Thus, Patent US-A-5 151 543

di scl oses a. rprevesedf s mhénspreduicte hydrogenation of aliphatic '

dinitriles to the corresEonding amnonitriles, at 25-150C and under a

pressure of greater thBAteBEnWSphePBélpPadsdieclonesha presesserof a

sol vent i aﬁég nol ar excess of at least 2/1 with respect to the

t

dinitrile, sBFGBAT2ELAPr PEi Agamipardraenrbirdlerbunhydteptmitivt h 1 to 4

- carbon atons_and_an i norganic¢ bgge 8 Septenber 2004 2 which is soluble in
sai d al cohol iﬁd?ﬂganEggﬁc%noF § presence of an inorganic base,

of a-transition metal complex, the transition metal
being of low valency and chosén from‘chromium;
tungsten, cobalt and iron, ané of Raney nickel_aé.
'10 catalyst, ﬁnder hydrogen pressure and at a temperature
of 50°C to 90°cC.. 7
| Patent WO-A-96/18603 discibsés the
hemihyd;ogenétiéﬁ of aliphatic dinitriles to
‘aminonitriles by hyarogen-in the presence of a catalysg
15 based on optiocnally doped Raney cobalt or nickel and'of.
a strong inorganic base, thé starting hydrogenation
medium comprising water, aminonitrile and/or diamine
which are capable of being formed and unconverted
dinitrile. | | |
.20 o All these hydrogenation procésses resuit in .
"the desired‘aminénitrile and are presented as being :
able to be employéd cohtinuously in an'induS£ria1
plant. | o
HoWever, the selectivitieé and the yields of
- 25 theée processes ﬁavé to be impfoved to render them.more

competitive.



Raney catal yst, the am nonitritle obtained belng recovered as main product.
,Pate%t VK)A393/16034 discl oses a process for .5 the prepfabentembercio04

‘6-ami nocapronitrile by hydrogenation of adiponltrlle in the presence of an
i norgani c base, of a transition netal conplex, the transition nmetal being
of ).ow val ency and chosen from chrom um tungsten, 'cobalt and iron, and of
Raney nickel -as. 10 catal yst, under hydrogen pressure and at a tenperat ure
of 50C to 90C. Patent-WO A-96/ 18603 di s@ oses the hen1hydrogenat|on of
aliphatic dinitriles to . anlnonltrlles by hydrogen in the presence of a
catal yst 15.based on 08t|on ed Rane cobalt or nickel and of a
strong inorgani c base, ¥£fie® tE Flﬁgmﬁyaﬁoﬁ RaPF BRCREJLBHPEGABR] §8ng wat er,
am nonitrile_and/or.di an ne ich_are ggle of being forned and

unconverted dPnPEPYEEe a23rﬁfﬁs?h£85 b@ﬁ%??BﬂEFi c@gsEéZFé%glédin, the'
n a
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yi el ds of .23.4b8S€iR o§§s§@§rgg%§e O?P§ éﬁ@rggeg?é rg&der t hem nor e

conpetltlve 8 Septe he ai 6 e pr esent i nvention is
to provide aspieeessifpr the hydrogenation of nitrite

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 n1cke1 or Raney cobalt
:25 mlxed ox1des with a hydrotalc1te structure as
disclosed in W097/10052, but also supported met%ls, in

particular metals from Group VIII of the Periodic Table



functional- groups in the presence of a catalyst exhibiting an inproved .
yield and an inmproved 5 selectivity. In one aspect of tHeSeptemhen 2004t her e
is-provided a -process for the hydrogenation of nitrile functional groups
to amne functional groups using hydrogen in the presence of a :

hydr ogenation catal yst and of a strong inorganic base deriving froman

al kali metal or alkaline earth 10 netal,, characterized in that it
conprises a stage of 15 20 .conditioning the catalyst which consists in
mxing the catalyst, the predet erm ned amount .of strong'inorganic base to

oe assoct i cdenil Efengstel St LD 8 SRLYT o i e ot o

i norgani c base I's not very ‘50 sal

condi'tioned grbaiymt & %@5 %ydro%&ﬁ%?yydr g@thE%%ﬁgg gﬁlggﬁ{un1

conpri’'si ng.the conpoun ed” and optT1o The

tern1"hydrogﬂ@aalo@xgﬁéa&ys&cti§eu@g@f§5£pg to mean, in particular and
advantageously' Raney netal-s, such as Raney -nickel .or Raney cobalt, -25

m xed oxides wth a hyrh oflgd CédSe SEFf ULdnke métsa i Schased i n W97/10052, but
al so supported netals, in particular metals from Goup VIII of the

Peri odi ¢ Fables@alschitenten A@dadk afi tHeH RN e qBiltedl aghdli gkl o cobal t,
rutheni umor rhodium deposited on a support; .which IS generally a

met al- oxi de @rlmid/esmmgﬂ)amedlum ThlS liquid medium is

generally water.

One embodiment may be the solvent used éxhibits‘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 étorage'liquid, it may be
‘worthwhile and advantageéus to add water to the |
mixturé. .

20 The term vaffinity betweénfthe solvent and-
the storage 1iquia or water"-should_be understood as
meaning phat'these comﬁounds arélsqluble in éne
'another.

| ‘leéwise 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



In the case of Raney netals, their instability on contact with the air
requires the use ofy a I|qU|d storage nedium This |iqui @ $erdemberi2004
general |y water. One enbodi nent may be the sol vent used exhibits a good
affinity for the storage liquid, generally water, thus 10 neking it -
possible to obtain phase separation and formation of a phase conprising
the strong inorganic base at -a high concentration. A preferred enbodi ment,
'nay be the strong inorganic base added to said storage medi um before the
addi tion of the solvent. 15 In-the case of the other: catalysts whi ch.do

rthwhile andi
L anedulr e HRaSEICE On BaStREAISs! YU chi T DS Yol !

- bet ween-t he lv &2 e storage liquid or water" should be under st ood
.as neani ng t%%f ?%éseggéﬁggunds are soluble in one another. Likew se, the

term"not very soluble" used to 25 characterize the solubility of' the
strong i norganic base in the solvent should be |nterpreted as neaning a 8
‘Septenber 2004 10 15 sol ubility of less than 3% by weight of said base in
“the pure solvent. Yet another enbodi ment nmay be the order of
5 _
Yet another 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 resnlts in a
phase separation of the 'strong inorganic base or of a
iO 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
- of the base, if the latter is added in the form of a solution
15 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 compr1s1ng molecules ofr
strong base at 1ts surface makes it p0551b1e to carry
25 out a hydrogenatlon w1th an 1mproved yield and

select1v1ty,which are reflected in particular by a



addi t.ion of the conponents or the mixture may be immaterial. Still another
enbodi ment may relate to the process, whereby the preserfc@eniemberc2094| vent
results in a phase separation of the strong-i norgani c base or- of a
concentrated solution of strong inorganic base, -formng a ~second |iqguid
phase conprising all or essentially all of the anount of base added. to .’
the mxture, this said phase nay conprise of the strong base being-and
.remaining in intimate ‘contact with the-catal yst, the first phase being -
formed by the solvent and the. storage. liqui'd and optionally the sol vent
of the base, 4. latter i LD ar f.a sqQkution -in.a .
solvent,fsucﬁk%%%%gfeig'?hgrggggg?g%hg.%g?g%géph%aﬁgréﬁggsg5ﬁ§eﬁnFB-
contact with c ' t | 4tk @3 of strong 20 i norgani c base,. all ow ng
fhe catalyst o BecRBAEe Bixed phol; _ "o

of strong. base at t heTﬁerhﬁaeogénéeignpaa%z%t EBE-Hél@aHEagéSEE yst
conprising nol ecul es of strong base at-its surface makes It possibfe to-
‘carry 2.5 oubmprhydy; 0ganatiaenivht Boathe npaeyedtytehdrand sehgsihyity.
which are reflected in particular by a8 Septenber 2004 decrease Tn the
inpuritie$ felemdntashbsehl Fushrshedel@mentbefeaRnpté6psgiMenthgl ow. The

. hydr ogenation catal yst can advantageously .conprise, in addition to the

~ catal ytic nefdb, ¥idopVigb andéléhEhtofhidsenPérboiibteTabeaest sthie om G oups
Ib, I1b, IVb,-"Vib, VIIb and Vilt 'of. the Periodic Table of the .El enents,
. as publ i shedElaments Hanghpekl bshehein sthy Baedbook of Chemistry and :

Physics (Weast, 5th edition of 1970-1971), and

,‘alﬁminum, presént ig paf;iéulaf ig RaneyAmeEals;
10 - The térm “Ranéy métal”.is understood as
.meaning in ﬁafticular Raney nickel. or Raﬁey‘C6béltﬂ
| The strong_ihérganic'bases-whigh”ére-suitable_
- for fhéﬂinvention are.alka¥i_metal.or alkaiine earth
metal hydroxides, for example LiOH, NaOH,.KOH, RbOH,

15 CsOH, and their mixtures.

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

Still another embodiment may relate to thé 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

It Toned by attachnment or adsorption of the nolecul es ,:



Physics (Weast,. 5th edition of 1970-1971)', and. alum num present in
particular in Raney netals. 10 The tern1"Raney metal " i s 8uehtsmAba@bods

. meaning in particular Raney nickel. or Raney cobalt. The strong inorganic
bases which .. are-suitable. for the invention are alkali.netal. or al kaline
earth -netal hydroxides, for exanple Li.OH NaOH, -KOH RbOH, 15 CsOH, and

their mxtures. '20 Another preferred enpodi nent may be the Iliquid storage

medi um for the Raney netal is. preferabl water. Still another enbodi ment
may relate to the anount of strong base added in the stage of conditioning

th talyst be bet 0.1 - and_50 f lyst. Th

; ulfing?eaaﬁgungagf EasEnfgﬁgﬁ?gfﬁ?ggggpﬁwogﬂgnof g%&V%Q? aéégégngfher ©

Dtage i n t helPBEiEEr ok Ehg a8irearEE SBTYPronty Of nERE poF o obhE 2578
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- degree of so B ? ty o mater of ﬁ storage lirquidin tﬁ }vent and

~on the desirgg. 1:8Mélent9£t£&90§ﬂt£ﬁé'19ﬂaé9 &Bsp?béﬁﬁgceﬂgrgéwg the strong
~'5 base. Advantageously, the ratio by wei ght vent t t he water
(OV.Storage_bhgéLdAthhfaééo@ély, the ratio by weight of the
solvent to the water (or Storége-liduid) will be at
‘least equal to 1, preferably greeter than or equal to
.2- : ) .
Still another embodiment; the solvent may be
210 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

15 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. -

20 Still another preferred embodiment the

solvent may advantageously be an amine, preferably an

amine corresponding to that obtained by the
hydrogenaﬁion reaction, ox liguid ammonia, in the case
' where the hydrogenation is carried oﬁt: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



| east equal to 1, preferably greater than or equal to 2. Still another
enbodi ment, the solvent may be 10 chosen fromthe conpodiieptethbart?20Gdy have
an affinity (solubilizing ability, for exanple) for water or the storage -
liquid for the Raney netal and which, in contrast, do not have an affinity
(low.solubilizing ability) for the strong inorganic base. The concept of

15 insolubility of the strong base in the solvent or. nore specifically in
the Iiquid phase forned by the solvent and the water or the storage |iquid
shoul d be understood as-neaning a | ow solubility of the base —for .exanpl e

of 1 ess thanshéuby mﬁkghposgﬂbftleasﬁn9ﬁdein8kﬁ5ﬁsigg §Q§§ the

sol vent may advant ageously be an am ne, preferably an ne correspondlng

to that obtaandédopyibhalbydregetdihgnoreassses, whichi ke doRpaonia, in the
case where the hydrogenation is carried out in a liquid 25 amoni a

medi um Thi svésybpenasbzihe £owidee agprodessofvemt a shechth @y ati@geousl y not
al  ow new substances to be introduced into the hydrogenation medi um and

t hus 8 Sept efperombodl gviembintmake- possi bl e easy and i nexpensive '
separation and optionally recycling processes which are thus not very
penal i zi n§ for the proegsstagmm el ek tining Sronmiaatst dawpei nt. The

st.age. of condltlonéng t he catalyst can be
carried out under an inert atmosphere, optlonally under

a hydrogen atmosphere or under hydrogen pressure
The process of the 1nventlon applles more
) partlcularly to. the hydrogenation of dlnltrlles such
10 as adlponltrlle to diamines, such as 7
hexamethylenediamine (HMD), or to the partial
'hydrogenation or hemihYdrogenation of dinitrrles, such
as adiponitrile, to aminonitrile, such as
- aminocapronitrile. The latter reaction is'particularly'
15 advantageous for the manufacture of lactam; such as
g-caprolactam, obtained by cyclizing hydrolysis of the
aminonitrile.
Generally, this hemihydrogenation reaction-is
carried out in the presence of water, which represents
20  between 0.1 and 20% by weight of the reaction medium,
or in the presence of another compound, for example
llquld ammonia, the concentration of this compound
advantageously being less than 50% by welght of the
reaction medium
25 Thus, in a specific embodiment of a
hemihydrogenation, the starting hydrogenation medium

comprises water in a proportion of at least 0.5% by



carried out under an inert atnosphere, optionally. under a hydrogen

at nosphere or under hydrogen pressure. -The process of t [8Septerebdrn2004
applies nore particularly to.'.the hydrogenation of dinitriles, such 10 as
adi ponitrile, to diamnes, such as hexanethyl enedianm ne (HVD), or to the
partial hydrogenation or hem hydrogenation of dinitriles, such -as .

adi ponitrile, to amnonitrile, such as gam nocapronitrile. The latter
reaction is-particularly 15 advantageous for the nmanufacture of |actam
such as 8-caprol actam obtained by cyclizing hydrolysis of the :

am nani tril ewefgheralitly, rébpechbesd hydr ogﬂaali@aiaeagﬁ%%&g Ofaé}rl%ed out in.
the presence of water, which represents - 20. between 0.1 and 20% by wei ght
of the reactreachidiunpdbumi nThé hee@i @s ealeo Ofo@POL HEE SREPEH NFw-d OF S
exanple liquid amonia, the concentration of this conpound advantageously
bei ng. | ess t AaamE096 byndbdyhamhon hierilenct capaikdi ofn b@nd hEGrméd a
speci fic enbodi nent of a hemni hydrogenation, the starting hydrogenation
medi um . conpfFeBsthat@ini rbleriapdivdreoenataion eabth nbdsdyers, Sapl ember
20049 vvehght with respect fo all the-liquid conpounds of the reaction
medi um TRe WREPRVFEFRY Tohbrises Whex drornetien arfomsthnd/ or

O CRomSERaPl & o PRI (GBS SIS Ui dge S, B [pyfr ogenation
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 haviné 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.



5 unconverted dinitrile in a proportion, for the conmbination of these three
conmpounds, of 80%to 99.5% by weight with respect to the Sspidahbad004qui d
conpounds of. 'the. reaction nmedium The aliphatic dinitriles which can be
10 enpl oyed in the process of the invention are nore particularly the
dinitriles of general formula (1): NG--RCN (1) .in which Rrepresents a
l'inear qr branched. ‘al kyl ene or al kenylgme group having from| to 12 carbon
atons. 15 Use is preferably made, in the process of the invention, of
dinitriles of formula (1) in which Rrepresents a.linear or br anched

al kyl ene radi cal havi ngn prast2cép 6hearhse #haps. R'\/Em(tﬁ?),{“%é_l' 1N n
particular be made, ‘as 20 exanples of such dinitriles |pon|tr|Ie
met hyl gl ut atbhai moiste, fEedllq{élsth@anOﬁhiﬁl lovrredpoh@y tEbl @hesSUsEENYH tril e,
glutaronitrile and their mxtures, in particular the m xtures of
adi poni tri | eadHRP®E t o LeretaBNgiin ahmiprésent mrotess of

.ethyl succinonitrile 25 which can originate fromthe sanme process for the
synt hesis of adl poni t 1% eisg a5t enbesibDO4 1M | bher autdaess the ease where

(CH2) be, the nost_frequent as this corresponds to the use of

adi poni t rgl elIE‘AGEﬁ’\Elc?prv t ke @%eﬁt Strsesssbase it® athe pyssioglaatinnt he

rocess of - th nventl on, "add strong base to the hydrogenati on
p react:.on mecilum wh:r.ch :95 fdentlcagl to or dlffergnt ??rom

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

This is--because, if the process is carrled
-out batehwis'e-, as is in part:l.cular the case in tests on
the laboratory scale or for small—scale -manufactu-rlng

15 trials, the starting reaction medium will gradually
rgrow richer in a.minoﬁitrile and, to a lesser extent, in
diamine, whereas the concen‘traf.ion of dinitrile can
either decrease, if all or most of said dinitrile is
' eharged ..from“'the beginning of.-the_ hemihydrogenation, or

20 can remain relatively constant, if the dinitri'le. is
introduced gradually during the reaction.

_.In‘-contraet, if the process is carried out
eentiﬁuously, the average composifion ef the r.eac.tion
medlum reaches values predetermlned by the degree of

25 conversn.on and the selectlv:Lt:Les of the reaction.

Water is usually present in an amount of less

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



reaction nmediumwhich is identical to or different from that used for the
conditioning of the catalyst. This strong, base is generdbdpjeraberdiORdl i
netal or alkaline earth nmetal hydroxide, carbonate or al koxide.' 10 The
reaction nedium has a conposition varying according to the type of

I npl ementation of the process. This is because, if the process is carried
.out -batchwise, as is in. particular thejcase in tests on the |aboratory
scale or for small-scale manufacturing 15 trials, the starting reaction
mediumwi || gradually grow richer in amnonitrile and, to a |esser extent, .

in dian ne, meleurasid hpregeeanh LathoRyoin diglids | LesCatg e her decr ease,
if all or nost of said dinitrile'is chargeg]fromtﬁe%begi n iﬁ"éeloq-‘i he
hemi-hydr ogenat thn, respe@: can I €HBi rbcﬁr&bﬁiéd’eh&iq‘&i@t%ﬁstﬂu%ﬂﬁ dipitri-le
is .introduced gradually during the reaction. In contrast, I the pr ocess
is carried oseidcoetinmously, the average conposition of the reaction
medi-um reaches val ues predeterm-ned by the degree of 25 conversion and the
sel ectiivities of. the Feacttoncetretibs ustal lthepr asanfetdd ammmynt of
| ess than or equal to 20% The water content of the reaction 8 Septenber
2004 11 nedi Batraipr apdrasl pibdihee eror Sspemdtiid Y6 bymive ghhd Wift khe espect
~to the conbined Iiquid constituents of said medium The concentration of
the target ed"BAPRBERFEA| |- dinAdrateof ime &ber estremtiian di meiliemand sof t he
generally between 85% and 98% by weight with respect to -
the combi_ne,d liquids included in said reaction medium.
The catal’yéts ‘used in this herruihydrogenation
10 process can’ be a Raney nickel Oor a Raney cobalt
comprising, in addition to the nickel or the cobalt and
the residual amounts - of the métal removed - from the
. starting alloy during the preparation of the ‘catalyst,
that is to say generall_y aluminum, one or more other
15 elerpents, often known as doping elements, such as, for
example, chromium, titanium, molybdenufn, ' copper,
tungsten, iron or =zinc. Among these doping eléments,
chromium, copper, titanium, . i_roh and their mixtures are’
regarded as the most advantageots.. These doping
20 elements usually represeht', by weight .with respect to
the weight of nickel or of cobalt, from 0% to 15% and
preferably from 0% to 10%.
' Use may '7 also advantageously: be made of a
ca.talyst -based on ruthenium deposited on a support
25 composed of acetylene black. This catalyst can also

comprise doping metal elements included 'in the 1list

mentioned for the Raney metals.



unconverted dinitrile in the reaction nmediumis .generally between 85% and
98% by weight with respect to the conbined |i-quids incl fdeeptember30§4
reaction nedium The catalysts used in this hem hydrogenation 10 process
can' be a Raney nickel or a Raney cobalt conprising, in addition to the

ni ckel. or the cobalt and - the residual anmounts of the netal rempved from
the  starting alloy during the preparatygn of the catalyst, that is to say
general I'y alumi num one or nore other 15 el ements, often known as dopi ng
el ements, such as, for exanple, chirom um titaniun1 nol ybdenum copper,

tungsten, iron or zinc e t chrom u

titanium: iron and thg?é”%ﬁ%%?eg%a%%@aﬂ gar gé}igﬁ%et% = Ihst I&iv‘é?ﬁ%ggeous

These dopi ngw2Betermricraisipl kv 1SREESEM ay DY L ght L d c3pr Gndo the
era

wei ght of nickel or of cobalt, from0%to 15%and pre V% to-

10%  Use maycatabdyedvanidgenus!yetigodBde ObparsatshyHac d gn gyt heni um
deposited on a support 25 conposed of acet y?ene bl ack. This cat alyst can -

al so  conpri seadbpong corilt ienenmarticsémc| Biedrdy dheihstariBat i Qued for
t he Raney metals. 8 Septenber 2004 12 - The anobunt of catal yst enployed can

vary verySwiseyy kecoediengofn (it i tol a50%0 yhewedihite of tdaigatal yst and
t he nmet hod of operatl on adopted or the - reaction conditions chosen. By way -
of indicati-of¥PX8es&dnay peighge off makaElLwLE0Yebyene] gbt thie aaitallyst,

weight of the reaction medium, and generally 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 egqual
to 100°C. | |
In "~ concrete  terms, this tempefature is
15  between 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 practlce between 1 bar (0 10 MPa) éhd 100 bar (10 MPa)
and preferably ' between 5 bar (0.5 MPa),.and 50 bar
(5 MPa) . | |
The other conditions whlch govefn the
_ ﬁydfogenation (contlnuous or batchw1se) in ‘accordance
25 with the invention ‘relate to conventional' technicai

arrangements which are known per se.



expressed as weight of netal with respect to the total weight of the
reaction nedium and generally of 1% to 35% by: weight. 8Secemberdif@ds of
the invention is generally 10 carried out at a reaction tenperature of

| ess than' or equal to 150C, preferably of |ess than or equal to 120C and
more preferably still of less than- or equal to 10.0C. In concrete terns,
this tenperature is 15 between anbi ent13enperature (approxi mately 20C) and
100C. Prior to, sinultaneously with or subsequent to the heating, the
reaction- -chanber is brought to the appropriate hydrogen pressure, that is
to say, in 20 practi cegubataegir-d b . y d 0 har . ) and
preferably between 5 bar (0.5 Nﬁiﬁ ?ﬁgﬁ% %gngg?lo?g ﬁég). ﬁgg%%ﬁgga :
condi tions win clorgierer ot heodifdr egenalié@heéCUY i agg%gsgbnbaggh\g?j%e)_ in
"accordance 25 with the invention relate to conventional technica '

ar r angenment sdishitohi I e taowdigeinse. a8cSepingheto20QhetBekur khergghe, these
conditions can be nodified in order to nmodify the degree of conversion of
the dinitriselectidtidy nforc coridiong thoi lenhis helesd ridyhor s ebaebk ity for
amnonitrile is desired or conversely conplete .hydrogenation of the
dinitriles tmRkaindydrogenatian. of the dinitriles to diamines is

~ desired.
The fqllowihg examples;‘ :given' solely by way
A of.ind:_‘.rcati.orn, _iliustrate the inventionm. E
In these ‘ é;.camples, the following

10 abbreviations may be uSéd:

- ADN =" adiponitrile’

~ ACN = aminocapronifrile

- HMD = hexameth'ylehediaﬁnine

- bC = dégree of conversion (% -by we_igh£

15 -of_ adiponitrile converted)

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

20 EXAMPLE 1

0.806 g -'o_f potassium  hydroxide, in solution
:Ln 4.-2 g of Vwater, is mixéd with ‘37.8t'_:;' of he#ca:— o
methylenediamine in a stirred 'i:eactorl. -

- The mixture is kepﬁl stirréd at 80°C. a two-

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

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



The foll ow ng exanples, given solely by way of indicatipn, illustrate the
dinvention. In these exanples, ‘the following 10 abbreV|aﬁﬁ%ﬂﬁﬁﬂﬁﬁVﬂ@@4used
- ADN adi ponitrile - ACN = am nocapronitrile - HND = hexanet hyl enedi anm ne -
DC = degree of conversion (% by weight 15 of adiponitrile converted) YD =
selectivity with respect to the converted starting substrate (nold of
conpound ACN (YDAcN) or HVD (YD) obtanaed with- respect- to the tota
anount of - ADN converted). 20 EXAMPLE-1 0.806 g of potassium hydroxide, in
solution in 4.2 g of water, is mxed with 37.8 g of hexa- nethyl enedi am ne.
in a stirredpotastdum T}‘hycﬂnro(ﬁme [ &oheghtstl rped abe8QCsA LWR 25, phase
system.is fornmed. The organic phase, conprising the HVD, is analyzed to
determ ne t héoldpws:content - and 8 Septenber -2004 14 potassiunm ;hydroxide
content. The results are as follows: Water content:.8.2% by ,we.j ght
Pot assi um hydr oxi de coWeértr abnéento. 628%%39yw51gh'tght The aqueous phase is
"thus an apprOX|nater 50 % by wei ght pot assi um hydr oxi de sol ution.

Potassium hydroxide- concentratlon 0.0287% 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



The anmount of potassium hydroxide present in the organic phase
represents--1.5% of the anmount of 10._potassiun}hydroxidkSewwnmmn2004
‘Exanples 2 and 3 Exanple 1 is repeated by nmixing 252 -g of. H'S,' 126 g of
ethanol and 5.76 g of sodium hydroxide in solution.in 42 g.of water. 15
Anal ysis of the organic phase obtained after stlrrlng shows that it
conprises 7.16% by wei ght of water andi$.3252% of sodi um hydroxi de. This
resul t shows that approxi mately 25% of the, sodium hydroxide charged is"
found in the organic 20 phase, which conprises a solvent of the sodi um
hydr oxi de, nBremplet hanol . Sinmilar tests, w t hout ethanol but using - 378 g
of H12D instead of 252 g, makes-it. p055|ble to obtain a concentration.of.
sodi um hydr.oxi de i n t hanal@goust@ni cophasempfeO. 0496%0 bn 1oH S rRXRRP! €,
3.6% of the sodlun1hydrOX|de charged 'is--found-in the organic phase. 8
Sept ember 20B4cksl, S&éﬁ%@@tAnmogb&sgy oD Erampte hre' &ﬁa@d)f wikaney

ni ckel , present in. g of water, are mxed with 180.9g of.

hexanethylen%%?a%1ﬂe af O-QEK%m%FhﬁlQﬁ§ﬂﬁ§manun layrdt oxi0d@%ien gsol wtEi on i n-
4.23 g of water  The pixture is stirred at 80C. Analysis of the HVD- based

organic.p a§%°%%%%tumt %?r?¥1@%nbﬁl§@§Ut19n2@@b9 RélghpfowamaterThad

0,
0. 0123/0 mlxture is stirred at g0¢eC,

7 Analys::.s -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 :|.n the organlc phase
represents 2.8% of the potass:.um hydrox:.de charged
97.2% by we:.ght of the potassnum 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
potass':_'Lum hydroxide solﬁtion arer added in order to
~obtain a KOH/Ni ratio of 0.5 mol/kg. The mixture is~

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

' 40 g of adiponitr.ile are added - to"‘_uth-e
, .reactor' After reactlng for 50 m:Lnutes, 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



by wei ght of potassium hydroxide. The anmount of 10 potassi um hydroxi de.
present ;.in the organic phase represents 2.8% of the pdt3eptérnbenid@doxi de
charged. 97.2% by wei ght of the potassium hydroxide charged is thus in -
direct contact with the catalyst. Exanple 5 15 240. g of HVD, 52 g of water
and 6.4 g of Raney nickel doped wth 1.5% by wei ght of chrom um are
charged to. a. stirred reactor. 0.462 mief a 388-g/l potassium hydroxide
solution-are added in order to obtain a KOH/ N ratio of 0.5 nol/kg. The
m xture is, .20 kept stirred at a tenperature of 50C. The reactor is

pl aced under ahydpogpnopiesilice @CN5 8aAd. 4 gpOin adicRRRnalte & egadded..
to ..the reactor. After reacting for .50 mnutes., the nediumis cool ed
and anal yzedthg Badiemr omat ogr aphy to deternmine 25 the total degree of
conversion (DC) 'of the .adiponitrile .(ADN), the selectivity (YDACN) -of
the reaction for 8 SepfehBer DORKdGraphitocapuoticrr i | eepAEBEnasd the Poln
concentration of, tﬂe medi um Thi s pol arographi ¢ nunber represents in
particul ar tReFEHRLERT 1 AfRof B antinad iesnunimine chaponedsunn Ithe s .

deternineg Qﬁ golarog&gphy and_is expressed in noles of imne functional
group per >t oNRe- 40" of Tsandi%e  tHF 1RF e | that | Pelgrasraphyne@ndDegrece of

conversion o » ... 83. 80 ..
: éxﬁggﬁééénin nmﬁes of imine functional group per tonme

of sample‘tn be quantitiatinely 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 nith addition of
. the potaséium_ hydfoxide simulnaneonsly' with tne
adiponitrile,‘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 gtage of conditioning the catalyst on .the purity of the
product anained.

- Example 7 and Comparative Example 8

A catalyst based-on ruthenium 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:



Sel ectivity for ACN (YDAc): 68.3% Poln in not/t: 21 Conparative Exanple 6
Exanple 5 was repeated but with addition of the potassi urf bspiemhedr004

sinul taneously with the -adiponitrile. The anpbunts added are identical. 15
The results obtained are as follows: Degree of conversion of ADN. (DC):
81.1% Selectivity for ACN (YDAQ): 69.7% Poln in nol/t: 76 This result
clearly shows the effect of the 20 staggyof conditioning the catalyst 7
on-the purity of the product obtained. Exanple 7 and Conparative Exanple 8
A catalyst based on ruthenium dopéd with 1% by weight of iron on an

acetyl-ene bl ack supporfp golgk 2§79ndefeteeand1¥c%0, g;,&l@bg:@,i rg@%(ppy the
fol l'owi ng process: 8 Septenber 2004 17 2D g of Y70 acetyl ene bl ack,’ sol d by

SN2A, are chargedchargéd nto, (foONaRlEr ofTheatesPenEEONshSpbgai &y tiq 90C

with stirring. 1.8 g.of Na2CO3 in a total of .70 nml of water are added.
After a perigﬁabédlthoaﬂ?CSWatholsuﬁ.hrmmngf. 2.816 efoflaRuGlIihydradgsi n. 1. 20
m of water is added. After 1 hour, a solution of 1 g of Fed 3 hexahydrate
in a total Q?f760nmlopﬁmﬁ§§eﬂfﬁHQNﬁddEd- After a period of 1 hour;
5 a solution of 2ﬁ16'g of RuCl; hydrate in_120 ml of‘water
",is added. Afterr‘lrhour, ‘a solution of 1 g of FeCl,
.hexahydrate in a total of 70 ﬁi of water is run in.
After a further hour, the medium is allowed to cool to
a temperature of 405C._‘ | |
10 After'filtfation,_the catalyst is washed with
"4 times 200 mi of water at 40°C. |
The;cgtalyst.is dried in an oven for 1 hour
‘at 120°C. -21.3 g of cétalysf aré obtained?
| Befo;e-the teét, it is.driéd in an oven for
15 iO 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 hydrogenrpressﬁre of 2.5 MPa. 36 g
of adiponitrile aré,added‘to tﬁis medium.
'iAfter reaction,‘thé medium is aﬁalyzéd.

The following results'are-obtainéd:

f,réaction-time:' . 105 min
25 - DC of the ADN: 673

- YI)Alcn 75%

- Poln : g 35 mol/t



After a further hour, the nediumis allowed to cool to 10 tenperature of
40C. After filtration,.the catalyst is washed with 4 ti mésSgember 2004nat er
at 40C. The catalyst is dried in an oven for 1 hour at 120C. -21.3 g of
catalyst are obtained. Before the test, it is dried.in an oven for 15. 10
hours at 80C under reduced pressure. 2.4 g of <catalyst prepared according
to the above process, 4.8 g of water and 5 g of 15N potassi um hydroxi de
are added to 36 g of HVD. The nediumis m xed at a tenperature of 80C 20
and -pl aced under a hydrogen pressure of. 2.5 MPa. 36 of adiponitrile are
added to this nedium Aftessteatdimn, thke pedisfuirs a@gl aradi&re

fol |l owi-ng results are obtained: - reaction tinme: . 105 mn 5 - DC of the
ADN:" -67% - BR&GNE560 gnd Ehbnmassealbhdspﬁeﬁmeﬁhetuﬁﬁpénl&hﬁ drite USi Ng

t he procedure of Conparative Exanple 6 and the nasses -and products used in
the above Eiaapbke7,7.i ninpparitdaidar hehs asemeatad tesltystgavgatrBe tHeol | owi ng

results:. = o
following results:

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



reaction tinme: 110.mn. DC of the ADN. -68.5 % YDACN 73% - Poln 92 nol/t

5 8 September 2004 WO 01/66511 19 PCT/ FR01/ 00687 CLAI M5 iﬂSGMEmbgﬁﬁﬁg for

the hydrogenation of nitrile functional groups to am ne functional groups,

using hydrogen in the presence of a hydrogenation 5 catalyst and of a

strong inorgani c base deriving from an alkali netal or alkaline earth

met al , char a¥PePLZ€651ln that it conprides a stage of poPdrkbopobesd he

catal yst which consists in nmxing the catalyst, the predeterm ned anount

- of strong inorganic base to be 10 associated with the catalyst with a

solvent in which the strong inorganiCLhmg® is not very soluble, said

m xture conprising the conditioned catalyst being fed into'the: ‘

hydr ogenation reactionlredi dnproapsssfog the hpénpgemat i 6n bes hydr ogenat ed

and optionally a solvent. 15 2. The process as clai-nmed in claiml,

char act eri zeB PRl tRafubfbiepal ogepers oho camihg stunst towskngfewps t he group
consisting of Raney netals, - netals fromGoup VI1l of the Periodic Table
of the El enBitRYdRpIEPeRA bR Bheuppesencanet nt Xeridoogerstivth 20 a

' ructure. 3. _The process as clainmed in claim 2,
hydrOtalcétecgéafyst and of a sE&ong inorganic base deriving from

an’'alkali metal or alkaline earth metal, characferized
in that it comprises a stage of conditioning the
catélyst wﬁ;ch.consiSts in mixing the catalyst, the
predetermined amount of stréng inorQanic bése to be
10 'asspéiated with-the catalyst with a solvent in which
thé strong inorganic base‘is nof very soluble, said
- mixture cémpriSing the qon&itidned catélyst.being fed
“into the hydrogenation reaction medium comprising the A
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 qxides 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,



characterized in that the Raney netal is Raney nickel or Raney cobalt. 4.
The process as clained in claim2, 25 characterized in t/&Sejtabec2@ds from

Goup VIII are chosen fromthe group consisting of nickel, cobalt, 8
Sept enber 2004 20 rut henium and rhodium the suppor.t being chosen from
met al oxi des, active charcoal or acetylene blacks.. 5. The process as
clained.in one of the preceding clains2ocharacterized in that, when a
liquid known as a storage liquid is associated with the use of the
catalyst, in particular a catalyst based on Raney netal, the .
abovenent i onsdthehiunt anddrhaiidust othgestphotrd. befh§ §BbHBheriHmone .
anot her, the strong inorganic base not being very soluble in-.the solution
of the 10 somﬁéﬁi angdes. t hetiver agertogli dr ScetyTbre pbDaers. as cl aimed in
one of the. -preceding:clains, characterized in that the mxture for :
conditioni ng the catal yst cBAprPsecesntas.claimde. iprocesst ashel ai med in
claim5 or 6 15dcharacterized in that water is a liquid for storage of
e hydroge tata =8, C hen omel 1 e
the hydrogenBt FORILEL af4R1MS . Chivea gk eebzed ain ctha tredilien cnel ifuid
precedingSCIﬁﬁgs characterized in that the solvent is a conpound
conpri sing oneCdr Rre BNPTRIF uhtErbRatsS AP IR Giped Wi thydihe ammm@. 9.0 The
process as clal | |l aim 8, ,characterized in that the solvent is an
o ne Conpou%@én@gtéf&éi,-1p.paft1cu ar a catalyst based on Raney
-_metal, the abovementioned solvent and said storage
liquid are soluble in one another, the strong inorganic
base not being very soluble in.the solution of the
10 solvent and of the .storage liquid.

6. ° The process as claimed in one of the
fpregeding-claims, qharacterized in that-the mixture for
-conditioning the catalyst compfises water.

7. The. process as .claimed in claim 5 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
preceding claims, characterized 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,
Tcharacterized in that the solvent.is an amine compound -
_,fo;med,by the hydrogenation reéctibn or is identical to
~a compound formed by the hydrogenation reaction. |

25 . 10.  The brocess as claimed in one of the

preceding claims, characterized in that the strong

inorganic base is added to the liquid medium for



formed by the hydrogenation. reaction or is identical to a conpound forned
by the hydrogenation reaction. 25 10. The process as cl aig®shtémib&pmoal t he
‘preceding clains, characterized in that the strong i norgani c base is added
to the liquid mediumfor 8 Septenber 2004 21 storage of the Raney

nmet al -before the addition of the solvent.' 11. The process as clained in
one of the preceding. clainms, characterized in-that the stage of y
conditioning the catalyst. is carried out under an inert atnosphere. '12.
The process as clained in:one of clains 1 to-10, characterized in that the
stage of condtoragengftihbechRantyshetslchberbed oné addefidn 4 fydrogen

at nosphere or hydrogen pressure. 13. The process as clained in one of the
precedi ng cl 8Phkgentharacterized in that it consists in hydrogenating a
dinitrile to an aminonitrile and/or to diamnes. 15 14. The process as
claimed in claim13, tharatherpredesn ahatlaireedliim tond eof stiagli ponitrile
and in that it. c¢onsists in hydrogenating adiponitrile to

ani nocapr oni PY$FeAERQ/ oF 2 Hexanthand ebexil zed et URt Tite mopsofas cl ai med
in either.of 20.clains 13 and 14, characterized in 'that the solvent is

hexamet hy? enS &hi FPIAE th Cataless ks @i ind qut omslasf arheinert

atmosphere.
12, The pfocess as claiméd in one of claims
1 to.10, ph@raqterized 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 '_ 14. The précess as claimed in claim 13,
characterized in that the-dinitriie is adipbnitrile and
in that it censists in hydrogenating adiponitgile to
aminocabronitrile and/dr héxamethylenediamine.

15. The process as claimed inreithér 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 ratio by nmass of the sol vent
to the liquid nmedium for storage of .25 the catal yst or t&feplerhiesr 2004' t he
m xture for conditioning the catalyst is at |east equal-to 1. 8 Septenber
2004 22 17. The process as clained in one of the preceding clains,
characterized in that the concentration of catalyst in the conditioning
mxture .is less than or equal to 30% by 4%i ght, expressed as 5 weight of
nmetal. 18. The process as claimed in one of the preceding clains,
characterized in that the catalyst conprises doping elenents. 19. The
process as claimed in cligi-m e reeaacersAdneh tthang ief Rdey netal s
Raney nickel, the doping el enment or el enents being chgosen fromthe

el enents fromPREGHRFIE Fiaims vighanastanyagdid iliat dihe t he Periodic Tabl e

of the Elenents. 20.. The process as clained.in claijmJ18,, 15 characteri zed
T vy X0 Wi L Lt LBy e et L AR

PELNO coser, LONAe Ao, SIURYIR Al sl aten s drong aps 10
' 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.





