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PROCESS FOR HEM HYDROGENATI ON OF DI NI TRI LES TO

AM NONI TRI LES The present invention relates to the

hem hydrogeéenation of dinitriles to corresponding 5 aminonitriles.

The hydrogenatyw@nggyirds0striles is generahly carrimer oeRog foxs4er to
prepare the correspondi ng di am nes; thus, particularly, the

hydr ogenation of PROTWISEO FOR' HENIHVOROCENATTONTOF premegTagone, itsel f
one 10 of the two base conpounds for the preparation of pol yam de
6, 6. However, it ney SeImoNIEEIbEsfound necessary to
prepare not the diam ne but the internediate amnonitrile. This, for
exanple, is the case - arhhopgheedt inwventiontaelabesstonpheed thereby - of
t he hem hydr ogenati on of adiponitrile to am nocapronitrile, a
conpound capabhembhy8epggnatbenqetndinitohlest td torvespondimdprol actam a
base conpound for polyam de 6, or directly into polyamde 6. 20
Thus, US pétenﬁmlngegtslﬁeaescrlbes a process for hydrogenation of
dinitrile to onega-aminonitrjle, usi ng hydrogen in_ an aprotlc sol vent
medi um and annDnla Thﬁ Pﬁ@r39§§%ﬁ%9“o? rﬁbﬂ%ﬁﬁ%ﬂ%ﬁoé?t%ﬁnﬁﬁaé ¥asic
support.

atent 5 151 543 descri bes a g gcess for
Sarrial hydr ogBREFLEH GRtALR| PFAPESEooSERBALR ER n

_ ?| ESTFREP
a nolar excess Of aﬁeg?agﬁugélpggtggb a%fg, the hydrogenation of

i0g solvent in

adiponitrile produces hexamethylenediamine, itself one

10 of the two base compounds for the preparation of
polyaﬁide 6,6.

However, iﬁ may socmetimes be found necessarj
to prepare not the diamine but the intermediate
aminonitrile. This, for example, is the case - although

15 no limitation is implied thereby - of the
hemihydrogenation of adiponitrile to aminocapronitrile,
a compound capable of being subsequently converted into
caprolactam, a base compound for polyamide 6, or
directly into polyamide 6.

20 Thus, US patent 4 389 348 describes a process
for hydrogenation of dinitrile to omega-aminonitrile,
uging hydrogen in an aprotic solvent medium and ammonia
in the presence of rhodium deposited on a basic
support. .

25 US patent 5 151 543 describes a process fo?
partial hydrogenation of dinitriles to aminonitriles in
a solvent in a molar excess of at least 2/1 in relation

to the dinitrile, including liquid ammonia or an



to the dinitrile, including Iiquid ammonia or an WO 96/ 18603
2 PCT/ FRO5/ 01643 al kanol contai ning an inorgani c base
whi ch is sol uble in the said al kanol, in the presence of a catal yst
of t he Raney nickel or cobalt type. The present

i nvention deal syovi $6/1$€03 5 preferential hydrogenati on etTarroBgbesastrile
functional group of a dinitrile (called hem hydrogenation in this
text), so as toalk£nol ecélieaining orimsaralic e nanidh iisee sad ubdblenj or
product and the diam ne only as a mnor product. 10 Mor e
precisely, the imvehé¢i saidecalitarsol 0 in the pywasgrss 4o tdatalyst of

hem hydr ogenati on of aliphatic - dinitriles to the correspondi ng
aminonitriles, thehRamey nickelhiak cfobaiddr dpme.and in the presence of a

cat al yst chosen from Raney nickel, Raney cobalt, Raney nickel 15
conprising a dopi ng el enchee perreny rinventdan draks with the groups | Vb,
VIb, VIlb and VIII of the Periodic . Cassifjcation of the elenents, as
publ i shed i% t hereferentiglifaricegenein (e afinisitddaidd®ist, 5th
edition of 1970-1971) and zinc and Raney cobalt, comprising a 20

dopi ng el ement ERRSELCRAL FEPRP e‘l’ferﬁbrﬂ@’o‘?r’g]r%uﬁcfsa]i : VIb, VIIb and
VII1 of the Perjodjc é]assifipatipn f, t he el enents and zing, and of
a strong i nor gadhtRLBY ’é°genat"?fér’r’§/e'§”ﬁ Jif%H a19813® &° A5ERAR B th

metal , Ch@é@%&&gé&é?k&rhﬁiggﬁitrile as a major product and the
diamine only asz a minor product.

10 More precisely, the invention relates to a
proceas for the hemihydrogenation éf aliphatic
dinitriles to the corresponding aminonitriles, with the
aid of hydrogen and in the presence of a catalyst
chosen from Raney nickel, Raney cobalt, Raney nickel

15 comprising a doping element chosen from the elements of
groups IVb; VIb, VIIb and VIII of the Periodic
Clagsification of the elements, as published in the
Handbook of Chemistry and Physics (Weast, 5th edition
of 1970-1971) and zinc and Raney cobalt comprising a

20 deoping element chosen from the elements of groups 1IVb,
VIb, VIIb and VIII of the Periodic Classification of
the elements and zinc, and of a strong inorganic base
derived from an alkali or alkaline-earth ﬁetal,
characterized in that:

25 - the initial hydrogenation mixture comprises
water in a proportion of at least 0.5 % by weight
relative to the total of the liquid compounds of the

said mixture, the diamine and/or the aminonitrile which



25 | - the initial hydrogenation m xture conprises water in

a proportion of at least 0.5 % by wei ght relative to the total of the
| i qui d conpounds of the said m xture, the diam ne and/ or t he
amnonitrile which WD 96/ 18603 :
PCT/ FR95/ 01643 re liable to be forned fromthe dipitrile_t

hydr ogenat ed ar® tgrfe/%(}nverted dinitriléin a BS%(FFgﬁ/g?'Bgé %to
99.5 % for the comin t al t hese.t hree, Q ounds by wei ght
relative to t h&h%t éq%%(ﬁ hs, efqrr"i?& &= B'nre‘? n&do & 58 8%ni xture,

- the degree Obﬁrcf)rnv rsaltoer}i Und Q:%(dmlctphlvle%ted dltﬁ%?‘ll%ag.g > %

- and in that t processmaes e€to"oObtain a

| f 1Qgb 60, £%
selectivity for :%JEJ}POQ%E dr?l Lo Qrs ﬁe%.g f%h.-méﬂ Q;:lited] €233016Q¢

The degree of on ersion IS erably at |east 70

% these thAld on‘é' N, Hweﬁﬁh‘&h&%ﬁa@&%eb%ou%ﬁ@ Btal the

process of the invention are more parficularly t dinitriles of

general forgnul € Ithe 1iquid compounds of the said MexBueN, () in
whi ch R denotes a l|inear or branched al kyl ene or al kenyl ene group

containing from1l to 12 cardph gelg@e®e. of conversion of Phel @inliesiafk formula
(I') in which R denotes 20 a linear or branched al kyl ene radi cal
contai ning fromah reach 95 %
- and in that the said process makes it
poseible to obtain a selectivity for the aminonitfi;es
10 Dbeing aimed at of at least 60 %.
The degree of conversion of the dinitrile is
preferably at least 70 %.
The aliphatic dinitriles which may be used in

the process of the invention are more particularly the

15 dinitriles of general formula (I):
NC-R-CN (I)

in which R denotes a linear. or branched alkylene or
alkenylene group containing from 1 to 12 carbon atoms.
Dinitriles of formula (I) in which R denotes
20 a linear or branched alkylene radical containing from 1
to 6 carbon atoms are preferably used in Ehe process of
the invention.
Examples of such dinitriles which may be
mentioned are especially adiponitriz;:

25 methyiglutaronitrile, ethylsuccinonitrile

malononitrile, succinonitrile and glutarcnitrile and



to 6 carbon atons are preferably used in the process of t he

i nventi on. Exanpl es of such dinitriles which may be
mentioned are especially adiponitrile, 25 .nethylglutaronitrile,
et hyl succinonitrile mal ononitrile, succinonitrile and glutaronitrile

and \Q‘% 603 4 ,TPS;;/F 191643

m Xt ures theréﬁ?, é@%&# ally the m xt ur es? of adipoﬁ /i 352§§Fg§

met hyl gl utaronitrile and/ or t hyl i,aoni tai t are liable to
hlaot, @IS IS e

originate f r oAXtures sarr%’fp’r 0CESS esi s of adiponitrile. 5

[0 practice, the GASE Wl &l rod GAAIIT Aot 141 1 ang/oz the most

frequent one, because I'S correspon use of adiponitrile
(ADN) in the g :ﬂf&fﬁt : ﬁ(li"@ r j L L base
general ly congilr stsrguo'q-'r 0 aﬁ:klaﬁithr?ett aallreorha al it:f;e- earbﬁx{%étygfly&

hydroxi des, Ihe #idPUESEANEbAl iU Gfesild 6 MM A L£hosen
fromal kali nmetal hydroxi des, carbonates and al kanol at ee.

As a matteg of priority,zd gfka&itfﬁ& | 4108 QA& where Mase(eed ws1Thesen
fromthe follow ng conpounds: LiOH, 15 NaOH KOH, RbCH, CsOH and m xtures
t her eof . the most frddafdhtinshdSOherai s iinye komsdsgasipietd [the n
practice as a good perfornmance-price conprom se, al t hough RbOH and .
CsOH can gi ve uae wijcalliipesiitisle (ADN) in the prddent gqasigess i xture has a
conposition which

The strong inorganic base generally consists
of alkali metal or alkaline-earth metal hydroxides,

10 carbonates and alkanolates. It is preferably chosen
from alkali metal ﬁydroxides, carbonates and
alkanclates.

As a matter of priority, the strong inorganic
base used is chosen from the following compounds: LiOH,

15 NaOH, KOH, RbOH, CsOH and mixtures thereof.

NaOH and KOH are employed most frequently in
practice as a good performance-price compromise,
although RbOH and CsOH can give very good results.

The reaction mixture has a composition which

20 varies depending on the type of implementatiocn of the
process.

In fact, i1f the process is carried out
noncontinuously, as is the case especially.in the
laboratory embodiments or small intermittent

25 E?nufacture, the initial reaction mixture will become
gradually enriched in aminonitrile and, in a lesser
proportion, in diamine, while the dinitrile

concentration will be capable either of decreasing if



20 varies depending on the type of inplenentation of the process.
In fact, if the process is carried out nonconti nuously, as is the case
especially in the | aborat ory enbodi nents or small intermttent 25
manuf acture, the initial reaction mxture will becone gradual l'y
enriched in ang QoL b} and, in a |l esser proporti | LARIAR,
whi |l e the dinﬁ%?i?%}ibgssconcentration wi 'l be capable S?FKgggg{%gE%?easing
i f / 3 i Sy 3 g : PCY /01643

. 1 h . .
all or nost ofaﬁeggaﬁl%ggl%lfttrﬂl‘?es?}sdc_%?lgedl apf er_hec arge veryﬁ.bﬁ%gl nni ng of
the heni hydr ogggali BEgiRhiRE of thé HWBhIhyErdFdmldialy Honsdant if the

dinitrile is i ntToduced gradual 'y during the reaction. 5
On the other hagdaihinghPePLOLEEY | Sonstant CONMKY atimiiildigus! y, the
conposition of the reaction m xture | eaving the reactor reaches

val ues that arentroducé@tgrativellpyditingetifstteddtim of the reaction.
Water is generally present in a quantity 10 which is snaller than or
equal to 280 % The waterOn the ctiméeritamd, tif tlem@raress xiaure i s

pr €f erabl y between 2 %and 15 % by weight relative to the conbi ned
total - of cohduttgdi dopvimuoealni sthé cdmposd tion xafurthe reaction
The concentration of the amnonitrile aimed 15 at and/or of the
correspondi ng Wixkiine leavirgt e reactemoepachevaliues rthat jare he

reaction mxture is general | y between 85 % and 98 % by wei ght
relative to determined by the selectivities of the reaction.

Water is generally present in a quantity

10 which is emaller than or equal to 20 %. The water
content of the reaction mixturé is preferably between
2 % and 15 % by weight relative to the combined total
of the liquid constituents of the said mixture.

The concentraticn of the aminonitrile aimed

15 at and/or of the corresponding diamine and of the
unconverted dinitrile in the reaction mixture is
generally between 85 % and 98 % by weight relative to
the combined total of the liquids included in the said
reaction mixture.

20 In continuous operation of the process of the
invention the composition leaving the reactor will be
determined by the ratio of the respective selectivities
for aminonitrile and for diamine and by the rate of
introduction of the dinitrile,

25 The guantity of strong inorganic base is
advantageously greater than or equal to 0.1 mol)kg of
catalyst. It is preferably between 0.1 mol and 3 mol

prer kg of catalyst and still more preferably between



the conbined total of the liquids included in the said reaction

m xture. 20 ' I n continuous operation of the process of the

i nvention the conposition |eaving the reactor will be determ ned by
the ratio of the respective selectivities for amnonitrile and for

di am ne and b)&g g%r/olﬁ%ﬁjr)]];rgani . i ntroduction of the di BE&'?E‘hQSéOf?Léﬁ

The quantity base is advant ageousSly @greéafer "t han

or equal to O. t It is preferably between 0.1 nol
ol'piglr)ér&ggzo OI/kaq yog’? %ﬁéﬁéﬁt‘ l

and 3 nol cat nore preferably between

WO 96/18603 To dbtain an optinti/FeRTVdME43 for 0.2 and 2

nol / kg of catalyst. . . To obtain an optimim selectivity for
am noni trile tde) Sdd00eh I WA BRP &/ MY Yald @atalyst®adie nodified
according to the base used. Thus, with KOH, RbOH and CsOH, this ratio
will be still fBf e modifi®raddordingntd ZHeO bhde M¥ednerThig ,ofwitti al yst,
particularly of Raney nickel, whether doped or not. Wth NaCH and

Li OH, thi ssratker W RbOmearsd iddOHPDIthis raticewdnablbe fatdbl0mdred 1.5 nol per
kg of catalyst, 10 particularly of Raney nickel, whether doped or not.
The catal yst epmpeBemabin frdmn . dss Indy nipd per kg dhamaraliyddsl , a Raney
cobalt, a Raney nickel or a Raney cobalt conprising, besides the

ni ckel or the pubticulaxly of Raney mdgikhlal whpshhen idppest athaatet al renoved

fromthe
With NaOH and LiOH, this ratio will be still more

preferably from 0.2 to 1.5 mol per kg of catalyst,

10 particularly of Raney nickel, whether doped or not.

The catalyst employed in the process may be a
Raney nickel, a Raney cdbalt, a Raney nickel or a Raney
cobalt comprising, besides the nickel or the cobalt and
the residual quantities of the metal removed from the

15 original alloy during the preparation of the catalyst,
that is to say generally aluminium, one or several
other elements, often called dopants, such as, for
example, chromium, titanium, molybdenum, tungsten, iron
or zinc. Among these doping elements,.chromium,

20 titanium, iron and their mixtures are considered to be
the most advantageous ones. These dopants usually
represent from 0 % to 15 % and preferably from 0 % to
10 % by weight per weight of nickel or of éobalt.

When the catalyst contains a dopant such as

25 chromium or titanium, it is also advantageous to take
the strong base/dopant ratio'into accoungtmfhus, a
KOH/dopant ratio of 12 to 30 mol per kg of dopant and

an NaOH/dopant ratio of 12 to 50 mocl per kg of dopant



15 .original alloy during the preparation of the catalyst, that is to
say generally alum nium one or several ot her elenents, often called
dopants, such as, for exanple, chromum titanium nolybdenum
tungsten, iron or zinc. Among these doping elenents, chromum 20

titanium irorgwa\ryjs}_ﬁhthgés%:;mxtures are considered to be tPCfT/gn%g(}e/oo 0t315 %

advant ageous ones. dopants usually repr esen

and preferably, 9 10 % by wei ght per wei ght of nickel or of
cobal t. atd %&e/%%ryt%see%ht al yst contains a dopant such as 25

chrom umor titanium ityis QS0 HO) K AGLOUPyd© IEsh is usddGmay rONg

base/ dopant ratio into account. Thus, a KOH dopant ratio of" 12 to 30

mol per kg of HpRARteANdridely &8 dNodHconitedpdd taDiy 10f tth&Gndhoder kg
of dopant 1a'{{;\096/ 1%603 l§)é7 Y

PCT/ FRO5/ 01643 £ opex¥idi 6fieidbl s Usdsbted or of the readtiomjuantity of
catal yst which is used may vary very wdely as a function especially
of the metshod conditidnpeitdh carevoldeers. dTiopd edi Hrelog divel txebbd | on 5
conditions which are chosen. Thus, if the dinitrile is i ntroduced
gradual |y i nt dtwodwsed igradaad ly eintdiethe reacEightmisture ofthe
catalyst/dinitrile to be hydrogenat ed w Il be much higher than if all
the dinitrilevwsightedratio ofitcatalwat/{dinifriletaibe thydrogenared To gi ve
an 10 indication, from0.5 %to 50 % by weight of catalyst may be
enpl oyed rel atWile! (Re HReh AigheRi han off tal the dindlxils 45,4882, and in

nost cases froml1l %to 35 % , ) )
at the very beginning of the reaction. To give an

10 indication, from 0.5 % to 50 % by weight of catalyst
may bé employed relative to the total weight of the
reaction mixture, aﬁd in most cases from 1 % to 35 %,

With a given catalyst and with a given degree
of conversion of the dinitrile, the yield of

15 aminonitrile passes through a maximum that is
determined by the base/Ni or base/Co ratio chosen in
the rangeg of values indicated above.

The overall selectivity for aminonitrile is
improved by the increase in the value of the rate

20 constant of hydrogenation of the dinitrile to
aminonitrile and not by the decrease in the value of
the rate constant of hydrogenation of the aminonitrile
to diamine. It is essentially the rate conétant of the
firsﬁ of the two consecutive reactions that is affected

25 by the various parameters indicated above.

The process of the invention is generally
carried out at a reaction temperature which is lower

than or equal to 150°C, preferably lower than or equal



Wth a given catalyst and with a given degree of conversion of the
dinitrile, the yield of 15 amnonitrile passes through a maxi numthat is

determ ned by the base/Ni or base/Co ratio chosen in t he ranges of

val ues indi cated above. The overall selectivity for
amnonitrile i LRRproved by the incgease in the v { te 20
const ant of hj@?o%gﬁ%§kg§ of the dinitrilé to ani%g#?F%%Pé%gﬁ@%hot by

t he decrease i P%t ngvél %lgdg}‘ g,r:ni%]]é m+?gié§é§efm arbt_mg%. %rgg@pat i on of

the aminonitri essentral Iy the rate constant of

t he firsgaQhitRg §¥p-g0nsecutive reactions that is affected 25 by
the various paraneters | ndi cated above. The process of the
invention is generally 1n cofdFét&dc@iths AltlRis cashpOrat@rPeiature which is
| ower than or equal to 150[err]C, preferably |lower than or equal

WO 96/ 18603 between the amBient temperati¥d/ EfSFéifrately 26w)120[err] C
and, still nore preferably, |ower than or equal to 100[err]C

In concretp teand, 10bPe.tenperature is bet ween t he anbi ent

tenperature (approximately 20[err] O 5 and 100[err] C

Bef ore, simultaneously wBefiove, aéimultameously wibth iong, afther rideeti on vessel
I's brought to the appropriate hydrogen pressure, that is to say, in
practice, of bbeabdngl bhe feacbiapayesgel 109 hrought to the

appropriate hydrogen pressure, that is to say, in
practice, of between 1 bar (0.10 MPa) and 100 bar

10 (10 MPa) and preferably between 5 bar (0.5 MPa) and 50
bar (5 MPa). |

The reaction period can vary as a function of
the reaction conditions and of the catalyst.
In noncontinuous operation it may vary from a

15 few minutes to several hours.

In continuous operation, which is the
preferable industrial method for the process according
to the invention, the duration is obviously not a
tangible parameter.

20 It should be noted that, according to the
operating conditions, a person skilled in the art may
modify the chronoclogy of the stages of the process
according to the invention.

The other conditions which control the

25 hydrogenation (using a continuous or noncontinuous
method) in accordance with‘the invention, are related
to technical arrangements which are conventional and

known per se.



10 (10 MPa) and preferably between 5 bar (0.5 MPa) and 50 bar (5
MPa) . The reaction period can vary as a function of

the reaction conditions and of the catal yst. In

nonconti nuous operation it my vary froma 15 few m nutes to several

hour s. W}%&;?hconti nuous operation, which i E’CII'?%RP(?/P%&“

pref erabl e i ndfRt? od for the process according
i nvention, the duration t .8 ar, ter. 20
It should be noted that, *Igccorédn%#ﬂ%/o %'hch f°11°wo 1glr g‘{%%ln%t%on I'tions, a
person skill ed, ﬁ@eﬂ@fm@” may nodi fy the chronol ogy of the stages of
the process according to the invention. The ot her
condi ti ons which controlpffessPhow rAGEANH MY oS IndY e QRIS OF
noncont i nuous met hod) in accordance wth the invéntion, "aré rel ated
to technical amafug@ggné,saﬂ@,u@@ are conventional and known per se.
WD 96/ 18603 PCT/ FR95/ 01643
The exanpl®s which f0||OMLAmﬁU£trE&diﬁdﬁitrlle I nvention
The foll owi ng abbreviati ons nay be enpl oyed in these exanpl es: 5
- ADN = adiponitrile - ACN = aminocapXdditridm nocapronitrile
- HMD = hexanmet hyl enedi am ne

- HMD = hexamethylenediamine

- DC = degree of conversion

- CY selectivity based on the initial

10 gubstrate converted (based on ADN

in this case).

EXAMPLE 1
Into a 300-ml stainless steel reactor fitted
with stirring of the Rushtone Cavitator type, means for
15 introdﬁcing reactants and hydrogen and a temperature

control system, are chargedi

- adiponitrile . 95.1. g

- hexamethylenediamine %4.2 g

- water : 21.1 g
20 - KOH 0.056 g

Raney Ni (containing 1.7 % of Cr) 2.5 ¢g

In this example there is 0.4 mol KOH/kg
Raney Ni.
The reaction mixture is heated to 50°C—;££er
25 the reactor has been purged with nitrogen and then with

hydrogen; the pressure is then adjusted to 2 MPa at



- DC = degree of conversion - CY = selectivity. based on
the initial 10 substrate converted (based on ADN

in this case). EXAVPLE 1 ' Into a 300-m stainless
steel reactor fitted with stirring of the Rushtone Cavitator type,
means for 15yo ig¥EEeE Ng reactants andghydrogen and pcromresyiodeas
control system are charged: - adiponitrile

95.1 ¢ this -tdifperaiune Siedcibiifuous addition of hyHrdhdh.

- water 21.1 g 20 - KOH

0.056 g The prodiwmy di tHloonicotivh Hs/ B6ldfowad by udirg the

In this exanple there is 0.4 nol KOH kg Raney Ni-. The
reacti on m xt wenswngtexiredb i hysfoger @Qraf tagralyidiis Wyherapeant @hdms been
purged with nitrogen and then with hydr ogen; the pressure is then

adj usted to 2 dizematography (GC) Wi 36/see®)® of the reactiong

PCT/ FRO5/ 01643 this tenperature by continuous addition of hydrogen.
The progrdss Gixturecitrgnrihs driiimmeyigldisisngasnhed, th®nsunption of

hydrogen and anal ysi s by vapour phase . chromat ogr aphy (GCQ of a sanple
of the reacti gigaction is stopped by stopping the stirring an

cooling of the reaction mixture.

The following results are obtained:

- reaction time: 80 min
10 - DC of 2ADN: 83.5 %
- CY of ACN: ) 77.5 %

EXAMPLE 2
Example 1 is repeated in the same operating

15 conditionz with the following charges:

- adiponitrile _ 95.1 g

- hexamethylenediamine 85.4 g

- waterl 21.1 g

- ROH 0.113 g
20 - Raney Ni (containing 1.7 % of Cr) 2.5 g

In this example there is 0.8 mol KOH/kg

Raney Ni. -
The following results are obtained:
- reaction time: 80 min

25 - DC of ADN: - 81.9 %

- CY of ACN: 68.3 %



5 mxture. Wen the optinmnumyield is reached, the reaction is stopped
by stopping the stirring and cooling of the reaction m xture.

The follow ng results are obtained: - reaction tine:

80 mn 10 - DC of ADN: =~ 83.5 %

- CY of ACN. w0 96/18603 77.5 % 11 EXAMPLE 2 pCT/FR95/01643
Exanple 1 is repeated in the sanme operating 15 conditions with the
foll owi ng char EBXAMPLE 3 - adiponitrile 95.1
g - hexanet hyl enedi am ne 95.4 ¢

- water Example 1 iX dYeppated in the same opé@idting

0.113 g 20 - Raney Ni (containing 1.7 %of C) 2.5 ¢

In this exanpl ecenditeions OrBtpth&kKF9Idpwing cliges N . The
following results are obtained: - reaction tine:

80 nmin 25 - Dadtraprile 8279 49

- CY of ACN: 68.3 % WD 96/ 18603

11. 5 PCT/ FRO5/ 0 1keramethylenedimnyime 166.A@ple 1 is

repeated in the sane operating conditions with the follow ng charges:
- water 1%.4 g

- ROH 0.115 g

- Raney Ni (containing 1.7 % of Cr) 2.5 g

In this example there is 0.8 mol ROH/kg
10 Raney Ni.

The following results are obtained:

- reaction time: 20 min
- DC of ADN: 71.2 %
- CY of ACN: 77.0 %

15 EXAMPLE 4
Example 1 is repeated in the same operating

conditions with the following charges:

~ adiponitrile 142.4 g

- hexamethylenediamine 47.75 g
20 - water 21.1 g

- KOH - . 0.053 g

Raney Ni (containing 1.7 % of Cr) 2.5-9

In this example.- there is 0.4 mol ROH/kg
Raney Ni.

25 . The following results are cobtained:



- adiponitrile 27.4 ¢ 5 -

hexamet hyl enedi anmi ne 166.4 g - wat er

19.4 g - - KOH ' .0.115 ¢

- Raney NI (containing 1.7 %of C) 2.5 ¢ In this exanple
there is 0.8 nojo Kf3)k@e03l0 Raney Ni. 12 Bbe/FRbEpoL6a3
results are obtained: - reaction tine:

mn - DC ofrddtion time: 71. 23193 min

- CY of ACN: 77.0 % 15 EXAMPLE 4

Exanple 1 is repeated in 4 mc seffreADNxer at i ng condi ti ons 7&i.2h % he
foll ow ng charges: - adiponitrile

142. 4 ¢ -- ek aofetACN enedi am ne 7742. % g 20

- water 21.1 g - KOH

0.053 ¢ _ - Raney N (containing 1.7 %of C) 2.5 ¢

In this exanple-there is 0.4 nol KOH kg Raney Ni. 25 The
fol | owi ng resul BXAMELE dht aj ned: WD 96/ 18603 12

PCT/ FRO5/ 01643 . \
5 Example 1 is repeated in the same operating

conditions with the following charges:

- adiponitrile 95.1 g

- hexamethylenediamine 7.1 g

- water 21.1 g
10 - KOH ' _ 0.056 g

- Raney Ni (containing 2.4 % of Cr and

In this example there is 0.4 mol KOH/kg Raney

Ni and 16.7 mol KOH/kg Cr.

15 The following results are obtained:
- reaction time: 45 min
~ DC of ADN: 82.4 %
- CY of ACN: 74.3 %
EXAMPLE 6
20 Example 1 is repeated in the same operating

conditions with the following charges:

- adiponitrile 95.0 g
- hexamethylenediamine _ 97.3 g--—-------—---
- water _ 21.1 g

25 - KOH 0.056 g



- reaction tine: 103 mn - DC of ADN:

76.2 % - CY of ACN: 77.2 %
EXAMPLE 5 5 Exanple 1 is repeated in the same operating
conditions with the foll ow ng charges: - adiponitrile
95.1 ¢ wo 96/18603 hexanet hyl enedi am ng3 PCT/FRB5/ 00643
- water 21.1 g 10 - KOH
0.056 g - FRarey NN (comtaimingg .04 Yoo & zandl
1.3 % of Fe) 2.5¢g In this exanple
there is 0.4 nol KOH kg Rangy % of Fei and 16.7 nol KOH kg 255 g 15
The followi ng results are obtained: - reaction tinmne:
45 mn - DC of ADN: 82.4 %
- CY of ACN: i 74.3 % i EXAMPLE 6 20
Exanple 1 is repeated i % Hdigmmxanpdeatthare is 0 hmpk iKW/ ka (Brnewe
foll ow ng charges: - adiponitrile
95.0 g i and 13.3 mody RAHARS (S ani ne 97.3 g
- 21.1 25 - K
0.8@%65 5 The following resuf{s ;;e cbtained: oH

- reaction time: 85 min

- DC of ADN: 84.5 %

- CY of ACN: . 65.9 %

EXAMPLE 7

10 Into a 150-ml stainless steel reactor fitted
with magnetic stirring, means for introducing reactants

and hydrogen and a temperature control system, are

charged:
- adiponitrile 21.65 g
15 - hexamethylenediamine 21.65 g
- waterxr | 4.75 g
- NaOH 0.0372 g
- Raney Ni (containing 1.7 % of Cr) 0.58 g

In this example there is 1.6 mol NaOH/kg
20 Raney Ni. .
| The reaction mixture is heated to 50°C after
the reactor has been purged with nitrogen and then wiih
hydrogen; the prégga;e is then adjusted to 2 MPa at

this temperature by continuous addition of hydrogen.

25 The progress of the reaction is followed by using the



WO 96/ 18603

Raney N
2.5 ¢

Ni and 13.3 nol
obt ai ned:

13 PCT/ ER95/ 01643

(containing 3.0 % of Cr and 1.6 % of Fe)

- DC of ADN:

65.9 %

reactor fitted

reactants

char ged:

4.75 ¢

In this exanple there is 0.4 nol KOH kg Raney

KOH kg Cr. 5 The following results are

WO 96/18603 - reaction tinel4 PCT/FRE5 /01643

84.5 % - CY of ACN:

c&XApEidn ©f hydrogen and| ahalpsis(Obyl vapoun|pkasst eel

with magnetic stirring, neans for introducing

chzodahpgrepby 4@8) acfeapeampliecofobheoteagtiom are
- adiponitrile 21.65 g 15
- hexanet hyl endéktinrse When the optimum ypeldsig reached, the gter

0.0372 g

Na OH
- Raney N (coﬁFaFﬁﬁﬁg js7stpppedy by stoppinggthe stirring and I'n this

exanple there is 1.6 nol

NaOH kg 20 Raney N . The

reaction n?xtuFB°;§nﬁeafe&hForSGFéFP?C?éFFB?e' the reactor has been

purged with nitrogen and

adjusted to 2 MPa at

hydr ogen.

10

15

20

25

25

h t h th
thay folipuipg, searben, EonoPhRtReSEad ti on of

The progress_o thetugactlon S follomgg gynu3|ng t he

EXAMPLE 8

reactio:
- DC of ADN: 70 %
- CY of ACN: 62 %

Example 7 is repeated in the same operating

conditions with the following charges:

- adiponitrile 21.6 g

- hexamethylenediamine 21.8 g

- water | 4.75 g

- NaOH 0.0046 g
- Raney Ni (containing 1.7 % of Cr) 0.58 g

Raney Ni.

EXAMPLE S

In this example there is 0.2 mol NaOCH/kg

The following results are obtained:

- reaction time: 107 min
- DC of aADN: ' 76 %

- CY of ACN: 62 %

Example 7 is fepeated in the same operating



WD 96/ 18603 14 PCT/ FR95/ 01643 ‘consunpti on

of "hydrogen and anal ysis by vapour phase chromat ography (GC) of a
sanpl e of the reaction m xture. \When the optimumyield is reached, the
reaction is stopped by stopping the stirring and 5 cooling of the
reacti on m xt uwe.96/18603 The foll1%w ng resul t s POTY FRNS01SE3

- reaction tinmne: 90 mn - DC of ADN:

70 % conditiong€Ywbth Athk following charges62 % 10 EXAMPLE 8
Exanple 7 is repeated in the same operating conditions with the
fol | owi ng charges: - adiponitrilediponitrile 21.6 g 21.6
g 15 - hexanet hyl enedi am ne 21.8 -
wat er ~ hexamethylenediamine 75 g - %in4g

0. 0046 g - Raney Ni (containing 1.7 %of Cr) 0.58 ¢ 20
In this exanpl e there¥p&e8. 2 nol NaOH kg Raney Ni. 4.78 g

The followng results_are obtained: - reacti | jre:

107 nin S -"mabH D2 of " ADN: 76 % é;b&éi“b

- CY of ACN - Raney Ni (ggnggining 1.7 % of Cr) 0.58 g

In this example there is 0.4 mol NaOH/kg

Raney Ni.
10 The following resulte are obtained:
- reaction time: - 67 min
- DC of ADN: 80 %
- CY of ACN: .59 %
EXAMPLE 10
;5 Example 7 is repeated in the same operating

conditions with the follqwiﬂg charges:

- adiponitrile 21.6 g

- hexamethylenediamine 21.6 g

- water : 4.75 g
20 - NaOH 0.0187 g

Raney Ni (containing 1.7 % of Cr) 0.58 g

In this example there is 0.8 mol NaOH/kg
Raney Ni.
25 The following results are obtained:
- reaction time: 69 min

- DC of ADN: 75 %



EXAMPLE 9 ) Exanple 7 is repeated in the sane operating

WO 96/ 18603 15 PCT/ FR95/ 01643 condi tions
with the follow ng charges: - adiponitrile
21.6 g - hexanet hyl enedi am ne 21.7
- water WO 96/18603 %78 g 5 PCT/FRQﬁZQlG43
0.0094 ¢ - Raney Ni (containing 1.7 %of Cr) 0.58 ¢
In this exanple there is (CY olb|AGROH kg Raney N3 %10
The follow ng results are obtained: - reaction tine:
67 mn - DC of ADN: 80 % -
CY of ACN: 69 % EXAMPLE 10 15 Exanpl e
7 is repeat ed BFRAMBEE e operating conditions with the foll ow ng
char ges: - adj poni tri e, . 21. 6,
- hexanet hyl enedi ami ne Extanp 1% repeated in the same ‘?P%Tt'e’rrgg
4.75 g 20 . 0.0187 g
- Raney Ni (co%?réq‘ﬁ#:%‘ﬁ u}a.t;% otfheCrS°ll°wut9 5%}‘?9&8
5 - adiponitrile 21.65 g

- hexamethylenediamine 21.65 g

- water 4.75 g

- KOH 0.026 g

- Raney Ni (containing 3.6 % of Cr) 0.58 g

10 |

In this example there is 0.8 mol KOH/kg
Raney Ni.

The following results are obtained:

- reaction time: 51 min
15 - DC of ADN: 75 %

- CY of ACN: 67 %

EXAMPLE 12
Into a metal reactor fitted with stirring of
the cavitator type, means for introducing reactants and
20 hydrogen and with wvarious control systems there are

introduced with the following charges:

- adiponitrile 2856 kg
- hexamethylenediamine 1151 kg
- water o 588 kg
25 - KOH 0.83 kg

Raney Ni (containing 1.7 % of Cr) 37 kg



In this exanple there is 0.8 nol NaOH kg Raney Ni. 25

The following results are obtained: - - reaction tinmne:
69 mmn - DC of. ADN: 75% _ WO
96/ 18603 16 " PCT/ FRO5/ 01643 - CY
of ACN: WO 96/18603¥3% EXAMILE 11 ~ PCT/FR9S5[Bagpbe 7
IS repeated in the sane operating conditions with the foll ow ng
char ges: 5 - adiponitrile 21.65 g
- hexanet hyl enedi am ne 21.65 g - water
4.75 ¢ - KOH The operation is carried out in the 0.026 ¢
- Raney Ni (containing 3.6 %of Cr) 0.58 g 10 I n
this exanpl e t heorditions degcridi¢dk for Exampaimeyd.Ni . The
followi ng results are obtained: - reaction tine:
51 min 15 - The offcldgwing results are obtajimed:
- CY of ACN 67 % EXAMPLE 12 I nto
a metal reactor fitted wilHFeaTE¥hdige: 3h30
5 ~ DC of ADN: 86 %
~ CY of ACN: 64 %
EXAMPLE 13
Into a 150-ml1 stainless steel reactor fitted
with magnetic stirring, means for introducing reactants
10 and hydrogen and a temperature control system, are
charged:
- adiponitrile 6 g
- hexamethylenediamine 41.16 g
- water 0.84 g
15 - CsCH - 0.054 g
- Raney Ni (containing 12 % of Fe) 0.4 g
In this example there is 0.9 mol Cs0H/kg
Raney Ni.
The reaction mixture is heated to 80°C after
20 the reactor has been purged with nitrogen and then with
hydrogen; the pressure is then adjusted to 2.5 MPa at
this temperature by continuous addition of hydrogen.
The progress of the reaction is followed by using the
consumption of hydrogen and analysis by vapour phase
25 chromatography (GC) of a sample of the reaction



the cavitator type, neans for introducing reactants and 20 hydrogen and

wi th various control systens there are i ntroduced with the follow ng
charges: . - adiponitrile - 2856 kg
- hexanet hyl enedi am ne 1151 kg ' - water
588 kg 25 w0 96/18603 KOH 18 pCT/FRYS M 643
- Raney Ni (containing 1.7 %of C) 37 kg WO 96/ 18603
17 P FRIS D 4he optimum yield is Héad@iAtdd is carried
out in the conditions described for Exanple 1. The
foll ow ng resutésceién obé astsbed by stopping the dtffimy dnde:
3h30 5 - DC of ADN: 86% -
CY of ACN: cooling of the G¥daction midXAMPLE 13 Into a
150-m stainless steel reactor fitted wi th magnetic stirring, neans
for introduci ng react antThe 1follaewichd yrsuidrs caxe obteniesdit ure control
system are char ged: - adiponitrile
6 g 5 - hexaneacsiemdingd rie 5Qmirs g
- water 0.84 g 15 - CsOH
0.054 g = P& APNY containing 12 % of8%dy 0.4 g

- CY of ACN: 65 %

EXAMPLE 14

Example 13 is repeated in the same operating

10 "conditions with the following charges:

- adiponitrile 6 g

- hexamethylenediamine 37.8 g

- water 4.2 g

- CsOH 0.036 g
15 - Raney Ni (containing 1.5 % of Ti) 0.4 g

In this example there is 0.6 mcl CsOH/kg

Raney Ni.

The following results are obtained:

- reaction time: 20 min
20 - DC of ADN: 90 %

- CY of ACN: 60 %



In this exanple there is 0.9 nol CsOH kg Raney N .

The reaction mxture is heated to 80[err]C after 20 the reactor has been
purged with nitrogen and then with hydr ogen; the pressure is then
adjusted to 2.5 MPa at this tenperature by continuous addition of

hydr ogen. ‘,1'?1?@0/1 @#ss of the reactigyis followed %&ﬁ?h@@/hﬁ%%
ydr ogen

consunption of and anal ysis by vapour phase r omat ogr aphy
(GC) of a sanple of the reaction .ATMaNO 96/18603 18
PCT/ FR95/ 01643 m xture. Wen the opfl mumyield is reached, the

reaction is stopped by stoppi Nfrdd¥sstids itke &Mnihydrd‘gféﬂdtﬂgxpfoﬁ he
reacti on m xture. The followi ng results are obtained: 5

- reaction timdinitriles to tH¥ dbrresponding aminonitd#¥3 e, AL the
89 % - CY of ACN: 65 % EXAMPLE 14

Exanpl e 13 i s regeaifthydrdden san® peailsd ipxesdibe ollid icatalydsth t he
foll ow ng charges: - adiponitrile 6 g
- hexanet hyi enealicmemefrom Raney nidkeld Raney cobalt, Raney usitakel
4.2 ¢ - CsOH 0.036 ¢
comprising a doping element chosen from the elements of
groups IVb, VIb, VIIb and VIII of the Pericdic
Classification of the elements and zinc and Raney
cobalt comprising a doping element chosen from the
10 elements of groups IVb, VIb, VIIb and VIII of the
Periodic Classification of the elements and zine, and
of a strong inorganic base derived from an alkali or.
alkaline-earth metal, characterized in that:
- the initial hydrogenation mixture comprises
15 water in a proportion of at least 0.5 % by weight
relative to the total of the liquid compounds of the
said mixture, the diamine and/or the aminonitrile which
are liable to be formed from the dinitrile to be
hydrogenated and the unconverted dinitrile in a
20 proportion of 80 % to 99.5 % for the combined total of
these three compounds by weight relative to the total
of the liquid compounds of the said mixture,
. - the degree of conversion of the dinitrile
can-reach_95 %
25 - and in that the said process makes it
possible to obtain a selectivity for the aminonitriles

being aimed at of at least 60 %.

2. Process according to Claim 1,

L



15 - Raney NI (containing 1.5 %of Ti) 0.4 ¢

In"this exanple there is 0.6 nol CsOH kg Raney Ni
The followi ng results are obtained: - reaction tinme:
20 min 20 - DC of ADN: ' 90 %

- CY of ACN 60% VIO 96/ 18
T "BcH? 88731643 % - _%/ FRECANE 2
L process fghate:0edhByIsR0PRAL! Ofle Odegree of! ldvddffod Bf Nhe

corresponding amnonitr ard of hydrogen and In the
presence of a gahak¥slie iB atCDEg8P 76 04N Raney nickel, Raney cobalt, Raney

ni ckel conprising a doping elenent chosen fromthe el enents of

groups IVb, Vib, VIIb and VI|pbrotekfcad®bi@hg to eithdRsst faradmpm of the
el ements and zinc and Raney cobalt conprising a doping el enent chosen
fromthe 10 afBeppnthafhcgepiped! M, thad, thk |incrsanid Ibdie tie

Periodic C assification of the elenents and zinc, and of a strong

i nor gani ¢ basecHesexnefirbmoglikalil ketal ovr alkalbh&odariech asstdl net al ,
characterized in that: - the initial hydrogenation m xture
conprises 15 hydroridesa pavbonates aidaalkasslatesd @ad\prefepably
relative to the total of the liquid conpounds of the said m xture,

t he di ami ne an@itom ahkaiki mehalrhydremides, carbenates and to be forned

fromthe dinitrile to be
alkanoclates.

4, Process according to one of Claims 1 to
10 3, characterized in that the strong inorganic base used
is chosen from the following compoﬁnds: LiOH, NaOH,
ROH, RbOH, CsOH and mixtures thereof.
5. Process according to one of Claims 1 to
4, characterized in that the quantity of organic base
15 which is present in the reaction mixture is greater
than or eqﬁal to 0.1 mole per kilocgram of catalyst and
preferably between 0.1 and 3 moles per kilogram of
catalyst.
6. Process according to one of Claims 1 to
20 5, characterized in that the quantity of KOH, RbOH or
Cs0OE inorganic base present in the reaction mixture is
from 0.2 to 1.0 mol per kg of catalyst, particularly of
Raney nickel, whether doped or not.
7. Process according to one of Claims 1.to
25 5, characterized in that the quantity of NaOH or LiOH
inorganic base present iﬁ the reaction mixture iz from
0.2 to 1.5 mol per kg of catalyst, particularly of

Raney nickel, whether déped or not.
—

——

A



hydr ogenated and the unconverted dinitrile in a 20 proportion of 80 %to
99.5 % for the conbined total of t hese three conpounds by wei ght
relative to the total of the liquid conpounds of the said m xture,

- the degree of conversion of the dinitrile can reach 95 % 25 '

- and in that & ¢SAigk gar ocess nakes it possi bl e tg-ohtRbE /81643
selectivity fg$hthéqhninonitriles bg%ng ai ned at o? a? ?eaét 60 %

2. Process according tg C @yf¥ckss according t¥Woon® L36@daims 1 to
20 PCT/ FR95/ 01643 characterized in that the degree of

conversion of 7 henaractdiriizdd li® ithad! theaal ifBa¥ic dinitriles which
Process according to either of ains 1 and 2, characterized in that

the inorgani c s dd used in WS Prolcedd dfkahie TRivantdondlaltdl ithe earth

met al hydr oxi des, carbonates and al kanol ates and preferably

from al kal i neiiali dnidreaxicte genea=lofaranland I) : al kanol at es.

4, Process according to one of dains 1 to 10 3, characterized in that
the strong inorgani c base used is chosen fromthe foll ow ng
conmpounds: Li CH, NaCH, KOH, RbOH, CsOH and m xtures thereof.

5. Process according to one of d ai n8NQ-R-CN (I3, characterized in that
the quantity of organic base 15 which is present in the reaction m xture
is greater

in which R denotes a linear or branched alkylene or
alkenylene group containing from 1 to 12 carbon atoms
and preferably R denotes a linear or branched alkylene
radical containing from 1 to 6 carbon atoms.

10 9. Process according to one of Claims.1 to
8, characterized in that water.is present in the
reaction mixture in a quantity lower than or equal to
20 % and preferably betweenlz % and 15 % by weight
relative to the combined total of the liquid

15 constituents of the said mixture.

10. Process according to one of Claims 1 to
9, characterized in that the concentration of the
aminonitrile aimed at and/or of the corresponding
diamine and of the unconverted dinitrile in the

20 reaction mixture is between 85 % and 98 % by weight
relative to the combined -total of the liquids included
in the said reaction mixture.

11. Process according to one of Claims 1 to
10, characterized in that the catalyst employed is
25 chosen from a Raney nickel, a Raney ccbalt, a Raney

nickel or a Raney cobalt comprising one or several

A



than or equal to 0.1 nole per kilogramof catalyst and - preferably

between 0.1 and 3 nol es per kil ogram of cat al yst. 6.
Process accor.ding to one of Clains 1 to 20 5, characterized in that the
gquantity of KOH, RbOH or CsOH i norgani ¢ base present in the reaction

m xture is \Wﬁezgﬁzga%o% to 1.0 mol per kg of catal ¥st , Pg?g%kggl/@%hof

Raney ni ckel, oped or not. ceSs"accordi ng

toone of O aifhirbd Gopfihg etenthiled Ghith] 2 b lldn,! G AR,y Of NaCH

or LiOH i norgani e present 1n the reaction mxture 1s from

0.2 10 1.5 M0l At Hfhritfn C AhiHgkten DA Wralih of Raney ni ckel ,
whet her doped or %bt. 0 96/ 18603 21

PCT/ FR95/ 01643 12. Procedd FRTTAEUP MY Rhd @O a3meClraivs 1 to
7, characterized in that the aliphatic dinitriles which may be used

in the process 19f, dhardatIHized dre dHa: the catidliyist leldfyegidgy al formul a
(r): 5 NC- R-CN (r) in which R
denot es a Is neathoaenbrfaehed Rerdey eniekel compridilkendteieagrtowgnecont ai ni ng
from1l to 12 carbon atons and preferably R denotes a |linear or
branched al kyl @doping elemeshitc alhozmnt &invim ghizooniun,t ¢ iGagddson iatcanmnd 10

9. Process according to one of Cdains 1 to 8, characterized in that
wat er i s presemixtynese thereof.

13. Process according to one of Claims 1 to
12, characterized in that the catalyst employed is
10 chosen from a Raney nickel comprising from 0 % to 15 %
and preferably frém 0 % to 10 % of at least one doping
element by weight per weight of nickel.
14. Process according to one of Claims 1 to
13, characterized in that the catalyst contains a
15 dopant chosen from chromium or titanium and that a
KOH/dopant ratio of 12 to 30 mol per kg of dopant or an
NaOE/dopant ratio of 12 to 50 mol per kg of dopant.is
used. |
15. Process according to one of Claims 1 to
20 14, characterized in that the catalyst used represents
from 0.5 % to 50 % by weight relative to the total
-weight of the reaction mixture, and in most cases from
1% to 35 %..
16. Process_according to one of Claims 1 to
25 15, characterized in that it is carried out at a
reaction";;Q;erature which is lower than or egqual to
150°C, preferably lower than or equal to 120°C and,

still more preferably, lower than or equal to 100°C.

L




reaction mxture in a quantity |ower than or equal to 20 % and

preferably between 2 % and 15 % by wei ght relative to the conbi ned
total. of the liquid 15 constituents of the said m xture.
10. Process according to one of Clains-1to 9, characterized in that

t he concentratl n am nonitri ai red at an f
correspondi ng gg}ﬁégﬁ?ne and of the u 3e(;nverted di ni S:/rl l/g%sﬁt/bﬁes4320

reaction mxture is bet ween 85:-0@?9% %gco/ggyn%\e%%gé%%l%f éfi:‘gﬁé VE ¢ t he

conbi ned total of the |iquids Thnc reactiron m xture.

I Process acsgr din@rl0e0pe:8 thotiiBe 1the operadfon RV ARHELIE S N { hat

t he catal yst enploye chosen tfrom a ney nic ney cobalt, a
Raney ni ckel a Ohy@rEGORYpFekahte COFPELEIEEh O OF EEVES &Jma) and

WD 96/ 18603 ) PCT/ FRO5] 01643 ot her dopi ng
el ements such ﬁoocbaianwmnta) agh@preferabDy YHEBReEh 3 WSt €00, 5 INIY) Of

zi nc. 12. Process according to one of Clains 1 to 11,
characteriged andtbatbihe(satpayst enployed is 5 chosen from a Raney

ni ckel conprising at |east one dopi ng el ement chosen from chrom um
titanium iron and m xtures thereof. 13. Process
according to one of Clains 1 to 12, characterized in that the

catal yst enployed is 10 chosen froma Raney nickel conmprising from0O %
to 15 %

(O



ah_d preferably fromO %to 10 % of at |east one doping el enent by
wei ght per weight of nickel. : 14. Process according to one
of Clains 1 to 13, characterized in that the catalyst contains a 15

of 1

dopant chosen from chrom um or tlta?i u'(r]n Fr{uiimhgé%j%am%%t KOH dopant ratio

nol

to o
repr
wei g
16.

it
equa
stil
96/ 1
Proc
oper
MPa)
and

2 to 30 nol per kg of 'GbgSH? OGRS ofr ratio of 12 to 50

per kg of dOpasTERNATSONAL APPLICATIGNGRUBLISHED UNDER THE PATENT COOPERRHON TREAFC €€B accor di ng
ne of Clainms 1 to 20 1/!’ Chargr\f Aari72od 1in that +ha ~nt Al ot o ad

< LIy ~3 =~ | T Ir Clicat e ocauturyot UuotTu

P3Nt Fternational iteMclhs&ridatios® 50 % b%l ;uai(ghtlntereitmﬂwemtogtwmmbterot al  wo 96/18603
ht  of Lon mxture, and [i M MPsisy GASERidnd1PB1ication date: Y010 3B e 1
Drocéggpé%%gﬁﬁ%ﬁg to one of Caijns 1 ?o) 25 §1£éqﬂiﬁg?gkfefized in§%&§£§
5 carrred out at a reaction tefiperature which is | ower than or
319 Internatifoﬂa5Qﬁpiﬁ'cit}tlﬁ,nun‘lﬁé’rEf e palrhop/oh e el haguﬁae% mpuf‘alggtt%\ T:t:%gp& mblm\?% sagscu%R
re preferahly,. |ower than wal to OE P e L pT " sBS - PR
Bé%g ﬁtélr)-najonaq %Hn)é date23 ce(%r?{z. [ Eros/ B1éd3 LU, MC, NL, PT, SE).17.
P ordin opne..of Clains 1 to : h terized in that th
) Bak ) PGri®y.: publisfey Characterized in a €
at%??)n b h’&;@g‘i‘@ |te1%' Dekidiber {994 at.1asmydr (19|genu pr esstirtge Ofteripetovsd Senrch Remrt. (0. 10
and 100 bar (10 MPa) and preferably between 5 bar (0.5 MPa) 5 °
b0 bar (5 MPa).
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As printed
1 (54) Title: METHOD FOR PARTIALLY HYDROGENATING DINITRILES TO AMINONITRILES

(54) Titre: PROCEDE D'"HEMIHYDROGENATION DE DINITRILES EN AMINONITRILES
|(57) Abstract

A method for partially hydrogenating aliphatic dinitriles to the corresponding aminonitriles by means of hydrogen and in the presence
of a caralyst selected from a Raney nickel catalyst, a Raney cobalt catalyst, a Raney nickel catalyst comprising a doping element selected
from the elements in groups IVD, VIb, VIIb and VIII of the periodic table of the elements as published in the Handbook of Chemistry and
Physics (Weast, 5th edition, 1970-1971), and a Raney zinc and cobalt catalyst comprising a doping element selecied from the elements in
groups TVb, VIb, VIIb and VINI of the periodic table of the elements and zinc, and 8 strong inorganic base derived from an alkali metal or
alkaline-carth metal, wherein the starting hydrogenation medium comprises water in an amount of at least 0.5 wt.% based on all the liquid
compounds in the medium, diamine and/or aminonitrile capable of being formed from the dinitrile to be hydrogenated, and unconverted
dinitrile in an amount of 80-99.5 wt.% for all three compounds based on all the liquid compounds in the medium; the dinitrile conversion
rate is of up to 95 %; and said method ensbles a selectivity for the desired aminonitriles of at least 60 % to be achieved.

(57) Abrégé

La présente invention concerne I'hémihydrogénation de dinitriles en aminonitriles comespondants, Plus précisément 1'invention
conceme un procédé d’hémihydrogénation de dinitriles aliphatiques en aminonitriles correspondants, & I'aide d’hydrogne et en présence
d'un catalyseur choisi parmi le nickel de Raney, le cobalt de Raney, le nickel de Raney comportant un éiément dopant choisi parmi les
€léments des groupes Vb, Vb, VIIb et VIII de la classification périodique des éléments telle que publiée dans Handboock of Chemistry
and Physics (Weast, Stme édition de 1970-1971) et le zinc et Ie cobalt de Raney comportant un €lément dopant choisi parmi les éléments
des groupes TVb, VIb, VIDb et VIII de 1a classification périodique des €léments et le 2inc, et d'une base minérale forts dérivant d'un métal
alcalin ou alcalino-terreux, caractérisé en ce que: le milieu initial d*hydrogénation comporte de I'eau & raison d’au moins 0,5 % en poids
par rapport 2 Iz totalité des composés liquides dudit milieu, de la diamine et/cu de I'aminonitrile susceptibles de se former 2 partir du
dinitrile 3 hydrogéner ainsi que du dinitrile non transformé et 2 raison pour I’ensemble de ces trois composés de 80 % 2 99,5 % en poids
par rapport & la totalité des composés liquides dudit miliey; le taux de transformation du dinitrile peut atteindre 95 %: et en ce que ledit
procédé permet d’obtenir une sélectivité en aminonitriles visés d’au moins 60 %. !




