re3es[ H sX"" #D$4%&6&TH BJG PROCESS FOR THE HEM HYDROGENATI ON OF DI NI TRI LES
TO AM NONI TRI LES The present invention relates to the hem hydrogenati on of
dinitriles to corresponding 5 am nonitriles. The hydrogelmmmwmm
dinitriles is generally carried out in order to prepare mmdeing
di am nes; thus, particularly, the hydroggnation of adi poni trdideges €sul ts in

hexanmet hyl enedi am ne, itself 10 being o of the two base conpounds for the
preparation of polyamn de-6,6. However, it nay prove necessary to prepare

not the di am ne e t se, for
exanpl e but notP Oex Q R ThE" &ﬁlv’b§§§§§é2§egg%§§§£3§E§§Epi§itr,|e to
am nocapronitrile, which |s capabL_ﬁgﬁ¥§¥§§§ﬂ%§ntly bei ng converted to
caprol actam the base compound fo =67 or directly to pol yam de-6.
Thus, Patent US 4 389 343 ?Egggg§e nFeRte68S$e22 LQr 1Lheydrogenation of

dinitrile to c~-amnonitri rogen I n anmoni a and aprotic sol vent

medi um in thﬁemﬁ%%@e%ta'aadblﬁ%@ﬁ@%lﬂ%@ RQ 2oRaeshoRdRRg . Patent US S
151 543 di scl oses a process

5 aminonitriles.

The hydrogenation of dinitriles is generally
carried out in order to prepare the corresponding
diamines; thus, particularly, the hydrogenation of
adiponitrile results in hexamethylenediamine, itself

10 being one of the two base compounds for the preparation
of polyamide-6,6.

However, it may prove necessary to prepare
not the diamine but the intermediate aminonitrile. This
is the case, for example but not limitingly, in the

15 hemihydrogenation of adiponitrile to aminocapronitrile,
which is capable of subsequently being converted to
caprolactam, the base compound for polyamide-6, or
directly to polyamide-6.

Thus, Patent US 4 389 348 discloses a process

20 for the hydrogenation of dinitrile to w-aminonitrile by
hydrogen in ammonia and aprotic solvent medium in the
presence of rhodium deposited on a basic support.

Patent US 5 151 543 discloses a process for
the partial hydrogenation of dinitriles to

25 aminonitriles in a solvent in molar excess of at least
2/1 with respect to the dinitrile, comprising liquid

ammonia or an alkanol comprising an inorganic base

N
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tthe partial hydrogenation of dinitriles to 25 amnonitriles in a solvent in

nol ar excess of at least 2/1 with respect to the dinitrile, conprising

| i quid ammoni a or an al kanol conprising an i norgani c base 2 which is
soluble in the said al kanol, in the presence of a catal yst of Raney cobalt
or nickel type. Patent US 5 981 790 relates to a process for the parti al
hydr ogenation of dinitriles to 5 amnonitriles in the presence of a

catal yst based on Raney nickel or Raney cobalt in the presence of at | east
0.50 by weight.of water.ipn.the_reaction . medium conprising the products to
be hydrogenaWéac%nastﬁSlﬁgaﬁoégngsgdSé&§p8§k&§93Thénc§b§IP§ Sf8CFsed in 10
conj unction Wt Thes i oces ke.it possible to
jointly prod§%ega§agﬁiﬁgﬁip?i?gxgkdgéﬁaﬁgnggeﬁgﬁkgglgy?&ély di fferent

ratios and with re'ati¥3k¥n9igg BrQgﬂcbb@”r%ﬁa?%épquHCb§oW%E%hf%%e

difficult to 15 separate. Studies are continually being carried out to

nmodify this EﬁEi?aEEiaidﬁ§dkB Ranthenl 8¢ Wonhircheasecbhe production of
amnonitrile at the expense o? that of diam ne and also to reduce the

formati onsof ahypraduet ses2@nThus, pPakenteARBl BCakican WO BRs64864 di scl oses
a process for the partial hydrogenation of a dinitrile for the production

of am noni trRhasyi Aitkelpbesiaaeyotobalydingehnat peeseatal vt atof a liquid
anmoni a sol vent or of an al kanol and of a conmpound 25 which nmakes it
possi bl e to ilepstveé.bthebgelwedphti bf whtelre ine&tiel aeakalcammeddiuty il es.
Provi sion has al so been nade for catalytic 3 systens based on ni ckel
doped with osemprigbne cheepredugtsetenbeat bydsogknased vadi ¢ime copper and

iron, in order to inprove the activity of the catalyst or its selectivity
for ani noni t FYPECERNAsedeEPEROENRe TafelFatady StindEsiusgll dnby- product s.

Such catalytic systems are disclosed in Patents FR 2 785 608 and US 5 801
286. 10" conjunction with a base.

These various processes make it possible to
jointly produce an aminonitrile and a diamine in
relatively different ratios and with relatively high
production of by-products which are difficult to

15 separate. Studies are continually being carried out to
modify this ratio in order in particular to increase
the production of aminonitrile at the expense of that
of diamine and also to reduce the formation of by-
products.

20 Thus, Patent Application WO 00/64862
discloses a process for the partial hydrogenation of a
dinitrile for the production of aminonitriles in the
presence of a hydrogenation catalyst, of a liquid
ammonia solvent or of an alkanol and of a compound

25 which makes it possible to improve the selectivity of
the reaction for aminonitriles.

Provision has also been made for catalytic



One of the objects of the present invention is to provide a process for the
preferential hydrogenation of a single nitrile functional group of a 10
dinitrile (referred to in the present text as hem hydrogenation), so as to
prepare predom nantly the corresponding am nonitrile and only to a m nor
extent the diamne, with mnimnal formati?n of by-products. Mre
specifically, the invention relates to a 15 process for the

hem hydrogenation of aliphatic dinitriles to corresponding amnonitriles
usi ng hydrogen and a._hydrogenat., on.cafal yst., This process is characterized
in that the MYG638n2ES6 g’é& ﬁ’llfgﬂelc?:%’%@é‘?t}ic%ﬁp% ey Hi%kel and a
dopi ng el enent . 2Q chasen .from rhodi um.,qr_i.ri dium__Accaordjng to another
charact eri st im(?t(?ﬁ teﬁgn}erw’esﬁt IS R tahq’erp@gctafllﬁti' ot REE iarﬂfier‘?tqio(fh cdh conpri se

i L | { : f_t.he Peri odi
Tabl o of t he ESente ReRRrhEE £y 23 e TUMAE SORoa: o ol oyed
Handbook of %qr@c&tik»itgﬁck&rhxéﬂﬁﬁmi@ﬂee@rz Q. aek 3B 200)e R Particul ar,

t he group conprising titanium chrom um iron, zirconium vanadi um

manganese,s DicHMinde stiaaliAldl By PHIRA LY A idurg1Rald adidiBndinhl um
haf nium bisnmuth and the rare earth netal elenents are preferred. The

catal yst of tdHedlRwesd iion readidis FRCQIGSS 6 ORPRT ,UsSid vyl @e or gold. In
a preferred enbodi nrent of the invention, a strong inorganic base deriving
froman alkali netal oOmEn cdfl kdld djeardsh afettdle @rearmmiinwdrs: iadded to t he
hydr ogenati on nmedi um However, when the hydrogenation 10 is carried out in
t he presence icf Ho quicdidterenirgoddss fiawridhd morgfErientiasle i s not
necessarily needed. According to another preferred characteristic of the
i nvention, thydosenatdwy dfogemdricde madinirhe dryvdtsenadatasroum of a
proportion of_ at |east 0.50 by 15 weight with respect to all of the liquid
conpoundst bf diFe t&dil® g@iaRreft &M e & resfitiortia®h 188 capabl e of bei ng
formed from the _q{yﬁé}rile t.0 tge hydr ogenat ed, and unconverted dinitrile, in
a proportion TR on &% &S RIFRAF & dpsstamidiait sothe 99. 50.
20 I'n anot her_ enbodi ment of t.hegﬁrtoc ss of,th r’£venti an, the reaction can
gl O

be carried ofi™ i the presénte 6l VEiE © I(:h as éﬁr%ﬁrco%q?n In this
case. the Prasgned-ofi Al Shi did iohinRll | AALAI 0T g/t paanati on

reaction can be carrie out I'n e presence of an~additive which

increases the selecti Vigdgogd %rpe%m'ﬂ%%iltléj,' &nd tihJashert Lo ddhat Qbtai ned
with the additive-free system descri bed above, 5
15 process for the hemihydrogenation of aliphatic
dinitriles to corresponding aminonitriles using
hydrogen and a hydrogenation catalyst. This process 1is
characterized in that the hydrogenation catalyst
comprises nickel or Raney nickel and a doping element
20 chosen from rhodium or iridium.

According to another characteristic of the
invention, the catalyst of the invention can comprise
one or more additional dopants chosen from Groups 3 to
12 of the Periodic Table of the Elements (according to

25 the TUPAC nomenclature employed in: Handbook of

Chemistry and Physics, 80th edition, 1999-2000). In

particular, the group comprising titanium, chromium,



whil e mai ntaining the overall selectivity for amnonitrile and diam ne at a
| evel at |east substantially equivalent to that obtained w thout the
additive. Such additives are disclosed in particular in 5 Patent
Application WD 00/ 64862. According to the invention, the doping el enent
rhodiumor iridiumis present in the caiijst, advant ageousl y, according to
an (Rh or Ir)/N ratio by weight of between 0.05 and 10~ and preferably
between 10 0. 1o and 5~. The anount of additional dopant other than rhodi um

or iridiumwhich the _catalyst _can conprise agenerally represents fromO~ to
50 by meightlgpnfhglﬁgp P*bfVFHSdﬁﬁgﬁeF9¥ﬁ§nﬁ%§'c §F§51Lis pr epar ed

according t 0 caRLaNt] onal BLOAS har {1l PLeRaLRlian of; St catalysts.
0 | e, ney n Ekeé de y

i
Thus, by way exanp i S are cCatalysts w used

i ndustrial |y high s hydr eaen@linoRnd0 theacNear EhaAH RNGRARS Byl kal i ne
attack on alumniumrich AL/N alloys conprising, if appropriate, other

netal s, genepgldreri@ieer med atas yvaePIH THY PRRIMLRYS cath@tcatal yst is
conposed of aggl onmerates of nickel crystallites with a high specific

surface amd ompirtilked coyped| &iqeree RN D0RyAfd.resi dual al um nium The
dopant can be added at various stages in the preparation of the catalyst:
during the preparati onlIef a preferred embodiment of the invention, a
strong inorganic base deriving from an alkali metal or
an alkaline earth metal or ammonium is added to the
hydrogenation medium. However, when the hydrogenation
10 is carried out in the presence of liquid ammonia, the
strong inorganic base is not necessarily needed.
According to another preferred characteristic
of the invention, the starting hydrogenation medium
comprises water in a proportion of at least 0.5% by
15 weight with respect to all of the liquid compounds of
the said medium, diamine and/or aminonitrile capable of
being formed from the dinitrile to be hydrogenated, and
unconverted dinitrile, in a proportion for the
combination of these three compounds at 80% to 99.5%.
20 In another embodiment of the process of the
invention, the reaction can be carried out in the
presence of a solvent, such as an alcohol. In this
case, the presence of water is not obligatory.
The hemihydrogenation reaction can be carried
25 out in the presence of an additive which increases the
selectivity for aminonitrile with respect to that

obtained with the additive-free system described above,



6 the alloy by nelting the various netals, during the activation of the
alloy by alkaline attack in the presence of Rh or Ir salt, or after
activation of the alloy (cf. Patents WO 95/17959 and WD 95/17960). 5 This
catal yst generally conprises an al um nium content, expressed by weight with
respect to the weight of the nickel, of less than or equal to 10~. The
catal yst of the invention can be enployed in various forns, such as grains,
granul es or powder. 10 The process of the invention makes it possible to

btain, f d . . ' f dinitril f h 70~,.
el cctivi ty FBFLArTRORFEFNLESoR Ty GUPEP LindR 660 AAkal Sver al | Sel ectivi Ly

f i itrgl . Lam . _ak 5 0 ..Th | i phati
or am nonl o200 9187103 8t QL8 g 1930080 8,0yfeche ol phal

dinitriles can rocess o e invention are nore

parti cul ar| y shgedhi bih | 3ol odeaREakof ORAY! BpthlneiCifrElut! g0 1 n whi ch

R represents a linear or” branched al kyl ene or al kenyl ene group having from

1 to 12 carbgpgatege. Yseni adphefieeabbyecmadaciblcihenppacessuabrt e
invention, of the dinitriles of formula (1) in which Rrepresents a |inear

or branched akkghengppadicaalohawbongo2%486em 2 to 6 carbon atonms. Mention
may in particular be made, as exanples of such dinitriles, of adiponitrile,
met hyl gl utaronitrile, athpkdtiag nonithel Levemliononithe Kepisgcci nonitrile,
glutaronitrile and their mxtures, in particular the m xtures of

adi ponitril eedrdeot ochodettybgl atradanit fisl prasehdar iof theethykbdysei,nonitril e
whi ch are capabl e of originating fromthe sanme process for the synthesis of
adi poni tri | eadvangpgepisdy t pecezdanghéreaR £RhCHZ) 2rWi/Ni e ttilke byonmonest ,
as this corresponds to the use of 10 adiponitrile (AdN) _in the present
process. TheW&i@EBigOofnbr§HRER Fade®i dngedfapry PER56sad 1yt PAtEEn netal or

alkal 1 e gar g, feLal; gy,

The amount of additional dopant other than
rhodium or iridium which the catalyst can comprise
generally represents from 0% to 5% by weight of the
weight of the nickel.

15 The catalyst is prepared according to
conventional methods for the preparation of metal
catalysts.

Thus, by way of example, Raney nickels are
catalysts widely used industrially for hydrogenation

20 reactions. They are prepared by alkaline attack on
aluminium-rich Al/Ni alloys comprising, if appropriate,
other metals, generally referred to as dopants or
promoters. The catalyst is composed of agglomerates of
nickel crystallites with a high specific surface and

25 with a variable concentration of residual aluminium.
The dopant can be added at various stages in the

preparation of the catalyst: during the preparation of



ammoni um hydr oxi des, carbonates and al koxides. It is preferably chosen from
al kali nmetal or ammoni um 15 hydroxi des, carbonates and al koxi des.
Preferably, the strong inorganic base enployed is chosen fromthe follow ng
conpounds: LiOH NaOH, KOH RbOH, CsOH, NH40H and their m xtures. In
practice, NaOH and KOH are generally used, 20 although RoOH and CsOH can
give very good results. The reaction nedi um has a conposition which varies
according to the type of inplenmentation of the process. vater is usually

present in th% rggg%yo%yhgeq%qp nth% %QIQ%B%P%@%hlgeS%-&q n equal to 200

by wei ght. Pre era con tof water e S eact lumis

bet veen 20 agd, 155 YIS WL oy By BIREAN L0 S SO e i qui d

constituents o tiron to or as a substitute for the
water, it isppsghble OthRPlr o d¢ ahikeagl Q¥R Rt helia3qloyenrts tggneral ly of

al cohol type The al cohols which are nore particularly suitable are, for
exanpl e, alloy (cf. Patents WO 95/17959 and WO 95/17960) .
5 This catalyst generally comprises an
aluminium content, expressed by weight with respect to
the weight of the nickel, of less than or equal to 10%.

The catalyst of the invention can be employed

in various forms, such as grains, granules or powder.
10 The process of the invention makes it

possible to obtain, for a degree of conversion of the

dinitrile of greater than 70%, a selectivity for

aminonitrile of greater than 55% and an overall

selectivity for aminonitrile and diamine of greater
15 than 90%.

The aliphatic dinitriles which can be
employed in the process of the invention are more
particularly the dinitriles of general formula (I):

NC-R-CN (I)
20 in which R represents a linear or branched alkylene or
alkenylene group having from 1 to 12 carbon atoms.

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

25 from 2 to 6 carbon atoms.
Mention may in particular be made, as

examples of such dinitriles, of adiponitrile,



met hanol , et hanol, propanol, isopropanol, butanol and the m xtures of the
sai d conpounds. Were it is enployed with water, the 10 al coholic sol vent
represents fromtwo to four parts by weight per one part by weight of water
and preferably three parts per one part of water. According to another
preferred characteristic of the invention, the starting hydrogenation
medi um 15 conpri ses di am ne which is coproduced by the hydrogenation. It
is, for exanple, hexanethyl enedi am ne when the dinitrile substrate is

adiponitrilen@%ﬁ%f&%ﬁkézéﬁirgffgi(gkﬁ%§¥¥$é§ﬁgﬁiL%%féfonditiOns of the -

am nonitril e and/ror- o € difami ne 1n € redaction nediumis

advant ageousl,y, fagiypen 35 and. 90,0y 16l Oty 1 {11, E80e0te L hedel ght of

t he conbi ned sol vent e sal reacti on nedi um and nore

preferably beiMeen 450 aNGHLH0 A eI Rk Bt o £ 2R3 ikK6h Oves Bé |

concentration of targeted amnonitrile and/or of the correspondi ng di am ne

and of the ungwsf ted gt yIdledrbdine Feadndpiesdi umis 9 generally
bet ween 85~ and 99~ by weight with respect to the conbination of the

liquids il used,idguddiensai th 1 8aciH idh Nt Wapaiblee refRcd 40 meeehingn can
conprise liquid or 5 dissolved anmonia. Generally, the anmonia represents
fromO~ to S5GErdy tee giEmefptdregeatdr arheretimthesus psfef erably from 0~ to
15~. The ampunt of alkali netal or alkaline earth

adiponitrile.

In practice, the case where R = (CHz)s4 will be
the commonest, as this corresponds to the use of

10 adiponitrile (AdN) in the present process.

The strong inorganic base is generally
composed of alkali metal or alkaline earth metal or
ammonium hydroxides, carbonates and alkoxides. It is
preferably chosen from alkali metal or ammonium

15 hydroxides, carbonates and alkoxides.

Preferably, the strong inorganic base
employed is chosen from the following compounds: LiOH,
NaOH, KOH, RbOH, CsOH, NH;OH and their mixtures.

In practice, NaOH and KOH are generally used,

20 although RbOH and CsOH can give very good results.

The reaction medium has a composition which
varies according to the type of implementation of the
process.

Water is usually present in the reaction

25 medium in an amount of less than or equal to 20% by

weight. Preferably, the content of water in the

reaction medium is between 2% and 15% by weight with



metal or ammoni um hydroxide in the reaction nedium 10 varies according to
the nature of the said reaction nedium Wen the reaction nmedi um conprises
only water, the reaction products and optionally ammonia or the diam ne, as
| iquid solvent medium the anount of 15 alkali netal or alkaline earth
nmet al hydroxi de is advantageously greates than or equal to 0.1 nol/kg of
catal yst, preferably between 0.1 nol and 2 nol/kg of catal yst and nore
preferably still between 0.2 and 1.0 nol/kg of catalyst. 20 The anount of

catal yst enployed can v very .w del.y. according.in rticular to.the -
met hod of Opgﬁ%ﬁ% 530%%dc Mgae&&&%lon C r%lﬁuc?r%%scho setﬁl.e T if the
dinitrile is_j r&til;_l%duced gradually into the reaction nedium the

catal yst/ di ntrile to be 25 hydrogenated ratio by weight will be nuch

hi gher than if all the#&@édiitli%r{ s oed fhgndihe Redqidig of the

reaction. By way of in ation, use may be nade of 10 0.5~ to 50~ by

wei ght of cataluist, Wil g $wRRA I dgricttiale Wl allad dihe digast i on medi um

and generally of 1~ to 35 According to a preferred enbodi nent of the 5
inventions t ke leainl yMeriet a116c @idlicored hafimy.e THe isSldoHdladuagidtt nto t he
hem hydr ogenati on nedium This preconditioning is advantageously carried
out accor di n@grteo ndree paodesildirdet asedtabl d kereynfidy iestzab e ,ench Pat ent
Application No. 00.02997. This process consists 10 briefly in mxing the
hydr ogenat i ometdteaiolst amhancd ,predateerati nedammpenaf, stutengl rordyani ¢ base
and a solvent in which the strong inorganic base is not very sol uble.
Accor di ng t o thee nimramesopt tthe madidimamawids ng the catal yst thus
conditioned is fed to the 15 hydrogenation_reactor, the hydrogenation
reaction being carried "Bfreaddorid RFRIPYak WisthIvatidigi ti¥hs and procedures
already disclosed in the literature. The selectivity for amnonitrile, at a
const ant kg O&P%\Fé%ls"ieﬁﬁ JFERGFE T t%q”é,t‘“ffé dggo% B3 5k cul ar on
the nature and.on .the content of .dopant. .on the anount. of ter,in the
reaction rredi“iﬁ‘hg@lé:n Ke Tt LPraerq-‘ofbyt ﬁ%lbqahste oaénd" R haéjdoapsre? |]‘F‘—’1rba]'[)|r 0. The
process of t i nventi i er. y r.ri out at a reaction tenperature
of less thanmg}f%%qfut;yl] ﬂt‘% %S%C,Fﬂpllrtefcgj?g{) t36/éjro'f | ess than or equal to 120C

and nore preferably stiddefqiRpsd habtHer P rd P Wnaradderistic

of the invention, the starting hydrogenation medium

15 comprises diamine which is coproduced by the
hydrogenation. It is, for example, hexamethylenediamine
when the dinitrile substrate is adiponitrile.

The mean concentration under continuous

conditions of the aminonitrile and/or of the diamine in

20 the reaction medium is advantageously between 35% and
99% by weight with respect to the weight of the
combined solvent included in the said reaction medium
and more preferably between 45% and 89% as weight by
weight.

25 The overall concentration of targeted
aminonitrile and/or of the corresponding diamine and of

the unconverted dinitrile in the reaction medium is



ILn practical terns, this tenperature is between anbient tenperature
(approxi mately 20C) and 100C. Prior to, simultaneously with or subsequent 5
to the heating, the reaction chanber is brought to the appropriate hydrogen
pressure, that is to say, in practice, between 1 bar (0.10 MPa) and 100 bar
(10 MPa) and preferably between 5 bar (0,5 MPa) and 50 bar ( 5 MPa ) . 10
The duration of the reaction can vary as a function of the reaction
conditions and of the catalyst. In a batchw se nethod of operation, it can

vary froma few mnutes to sev | _haqur 5 It .should be noted that a -
bor son oki 11 BEAPReLfE RekveRR’ BaE) ofao3raby yeiZRR MiERoa P e Bt ages of
t he process cor.di .t he i.n thon, .according t.o.the.operating

condi tions. $§8 ot egnégﬁﬁgtPgnég%hFé égve%ﬁ %nggolﬁngggéﬁéFion

(conti nuous QEaQ@HSHW%§8luhQ accordance with the invention relate to
conventional "technical arrangenments known per se. The invention is

[ 1ustrated by the exagpbes oikeBof AlsoWimobabhe ohgmbuinggenat bon of
adiponitrile 25 to 6-am nocapronitrile In these exanpl es, e follow ng
5 dissolved ammonia. Generally, the ammonia represents
from 0% to 50% by weight of the reaction medium and
preferably from 0% to 15%.

The amount of alkali metal or alkaline earth
metal or ammonium hydroxide in the reaction medium

10 wvaries according to the nature of the said reaction
medium.

When the reaction medium comprises only
water, the reaction products and optionally ammonia or
the diamine, as liquid solvent medium, the amount of

15 alkali metal or alkaline earth metal hydroxide is
advantageously greater than or equal to 0.1 mol/kg of
catalyst, preferably between 0.1 mol and 2 mol/kg of
catalyst and more preferably still between 0.2 and
1.0 mol/kg of catalyst.

20 The amount of catalyst employed can vary very
widely according in particular to the method of
operation adopted or the reaction conditions chosen.
Thus, if the dinitrile is introduced gradually into the
reaction medium, the catalyst/dinitrile to be

25 hydrogenated ratio by weight will be much higher than
if all the dinitrile is employed from the beginning of

the reaction. By way of indication, use may be made of



abbrevi ati ons may be used: 12 - AdN = adiponitrile - ACN =

am nocapronitrile - HVD = hexanet hyl enedi am ne - DC - degree of conversion
5 - CY - selectivity with respect to the converted starting substrate (in
this instance with respect to the AdN). COWARATI VE EXAMPLE 10 The

follow ng are charged to a 100 m stainless steel reactor equipped with a
stirrer of self-suction Rushton type, with nmeans for i ntroducing the
reactants and hydrogen and with a tenperature regul ation system 15 -

h hyl di_gm - 5. - KCH 0., | - Ni :
hexarl Iy engLane 3 gy B B0 o O TR RO
20 Aft havi h t j, L. i i ,
20 ALer Nevig AuCasiie s A0 M TL0ED B0 SIS AP i dip0en,

heated to 50G¢, 34,9 of adiponitrile are subsequently 25 introduced
i nstant aneously via a dropping funnel pressurized to 2.5 MPa by a pressure

reducer placed on a hyQrRgemiSiePRlyy aa?r%ﬂ@&edﬂ@nﬂddﬁérft takemas equal
13 to 0 at this point. The progress of the reaction is nonitored by the

consunpti 6N Qhviky@He@en thie (3t NY@odeN preRiingi tiktdd @Sty it tie reactor
bei ng kept constant at 2.5 MPa, and by the anal ysis by gas 5 chromatography
(G0) of a w tindradncediing coftHahtendagidraeiadivre maffiein .t himxi mum
am nocapronitrile yield is reached, the reaction is halted by halting the
stirring, cogresgpnidiciosacid ds mdktaurta gaaehstllye v adeiress surd Aqugprdiithglhe
following results are obtained: - duration of the reaction 33 mn - DC of
the AAN: 79. 60 the process disclosed in the unpublished French
Patent Application No. 00.02997. This process consists
10 briefly in mixing the hydrogenation catalyst with a
predetermined amount of strong inorganic base and a
solvent in which the strong inorganic base is not very
soluble. According to the invention, the medium
comprising the catalyst thus conditioned is fed to the
15 hydrogenation reactor, the hydrogenation reaction being
carried out according to the usual conditions and
procedures already disclosed in the literature.
The selectivity for aminonitrile, at a
constant degree of conversion of the dinitrile, depends
20 in particular on the nature and on the content of
dopant, on the amount of water in the reaction medium,
on the nature of the base and on the base/Ni ratio.
The process of the invention is generally
carried out at a reaction temperature of less than or
25 equal to 150°C, preferably of less than or equal to
120°C and more preferably still of less than or equal

to 100°C.



- CY for ACN. 70.1 - CY for HIm29.5 15 - CY for other products: 0.40
EXAMPLE 1: N doped with Rh The following are charged to a 100 ml stainless
steel reactor equipped with a stirrer of 20 self-suction Rushton type, with
means for introducing the reactants and hydrogen and with a tenperature
regul ati on system - hexanethylenedianlﬂg 24 g - water 5.3 g 25 - KOH 0. 66
nmmol - Raney Ni doped with 2.70 of Rh 1 g In this exanple, there is 0.5
nol KOH kg Ni. 14 After having purged the reactor mﬁth nitrogen and then

wi t h hydrogen, the pre sure i huste f enand the
. > ) c%%%%l efgl t%l %é% %I%%

reaction mxture is he PeBrFo deO are subsequently

i ntroduced iggk%g%ﬁngace v%%m% gaggggnq %%Q%%Hﬁ%§ bb%%g .5 MPa by

a pressure reducer rogen su a. The tlne is taken
as equal to Quabc thls poi nt. The progress of the reaction is 10 nonitored
by the consunptlon of hydrogen in the supply, the pressure in the reactor

bei ng kept constant at pgigrMd, @aRthull¥ahl@u@NY ¥aith Y GaH=Epmt ogr aphy
(&) of a withdrawn sanple of the reaction m xture. V~hen the opti mum

am nocapr gni kol k@eyhekbd ing,r edehedacthienl 2hagdeld AR bydugHed byHal ting
the stirring, cooling the reaction mxture and then depressurizing. The

fol |l ow ng reappireopaiiatebhydreden plwsatire) ahathd sr eactsagn 66 mn - DC of
the AdN practice, between 1 bar (0.10 MPa) and 100 bar (10 MPa)

and preferably between 5 bar (0.5 MPa) and 50 bar

(5 MPa) .

10 The duration of the reaction can vary as a
function of the reaction conditions and of the
catalyst.

In a batchwise method of operation, it can
vary from a few minutes to several hours.

15 It should be noted that a person skilled in
the art can vary the order of occurrence of the stages
of the process according to the invention, according to
the operating conditions.

The other conditions which govern the

20 hydrogenation (continuous or batchwise) in accordance
with the invention relate to conventional technical
arrangements known per se.

The invention is illustrated by the examples
which follow of the hemihydrogenation of adiponitrile

25 to 6-aminocapronitrile

In these examples, the following

abbreviations may be used:



83.30 20 - CY for ACN. 71.7 - CY for HS 280 - CY for other products: 0.3~
EXAMPLE 2: N doped with Ir 25 The following are charged to a 100 ni
stainless steel reactor equipped with a stirrer of self-suction Rushton
type, with nmeans for introducing 15 the reactants and hydrogen and with a
tenperature regul ati on system - hexaneigylenedianine 24 g - water 5 - KOH
5.3 g 0.13 nmol - Raney NI doped with 278~ of Ir 1.3 g In this exanple,
there is 0.2 nol KOH kg Ni. After having purged the reactor with nitrogen

and then with hydrogen, pr [ usted to 10 2 MPa of hydrogen
and the reaction m xture ?@ hegﬁiﬁ §5k§62g124 g of adiponitrile are

subsequently introduced tan roppi ng funnel pressurized
to 2.5 MPa by a pressurekggducéﬁgﬁ %§OM&%T§1Q hydrogen supply at 5 MPa.

The time is taken as equalpto QeghmbRh$1BAEAL anih@ Progress of the reaction
is nmonitored by the consunption of hydrogen in the supply, the pressure in

t he reactor being kept_ cgastanaegyeg éfNE@nv@legﬁ t he anal ysis by gas
chromat ography (GC) 20 of a withdrawn sanple of the reaction m xture. Wen

the optimgm ami nocaproni tyil e geekdtivitgaghed relpeceatti @he s hal ted by
halting the stirring, cooling the reaction m xture and then depressuri zing.
The fol |l owm ngohesnked arerohhg sebdbstrate (in this instance with

respect to the AdN).

COMPARATIVE EXAMPLE

10 The following are charged to a 100 ml
stainless steel reactor equipped with a stirrer of
self-suction Rushton type, with means for introducing
the reactants and hydrogen and with a temperature

regulation system:

15 - hexamethylenediamine 24 g
- water 5.3 g
- KOH 0.33 mmol
- Raney Ni (comprising 1.7% of Cr) 0.65 g
In this example, there is 0.5 mol KOH/kg Ni.
20 After having purged the reactor with nitrogen

and then with hydrogen, the pressure is adjusted to
2 MPa of hydrogen and the reaction mixture is heated to
50°cC.
24 g of adiponitrile are subsequently
25 introduced instantaneously via a dropping funnel
pressurized to 2.5 MPa by a pressure reducer placed on

a hydrogen supply at 5 MPa. The time is taken as equal



25 - duration of the reaction 72 min - DC of the ADN: 81.2 - CY for ACN
73.8 16 - CY for HNm 25.4 - CY for other products: 0.80 17 1. Process
for the hem hydrogenation of a dinitrile to corresponding amnonitrile in a
l.iquid nedium characterized in that the process is carried 5 out in the
presence of a nickel or Raney nickel ca%slyst conprising a doping el enent
fromrhodiumor iridium 2. Process according to Caim1l, characterized in
that the (Rh or Ir)/N ratio by weight 10 of the catal yst used is between

0. 050 and 102. ﬁ. Frgﬁess accgrdbﬂ% to ClaeimZEE aracteELzed.in that the
abovenent i on&d rafio By wBPHRt -i s bePRBEASGE12 ad 5 £S5 B odEss according

to either of i i.zed. .l t.th at al yst

conpri ses ongg%gkﬁgﬁé égd?ﬁgoﬁgpgg%%g%%§ %EOS@EQP%%%I%%TSH%UW] chrom um

i ron, i rconbyfoyanadiyph ymeAANEses sl SN cpbankalum: bUlRENIUD:

plati num palfadium niobium hafniumor the rare earth netal "el enents,
wth 20 the exg8Rhhenaef 2¢8PRAGR, ahlver Qhegahélyéispbﬁcg%% according to
Claim 4, characterized in that the anpount of additional dopant other than
rhodi um ok i ehdbrAatWhrabhi/heccat alfyat weeRBras@s skaplesest $herom 0% to 50 by
wei ght of the 25 weight of the nickel. 6. Process according to one of the
precedi ng cl geastiohamagtatezefhien that makimsmcaminedaprbfieut lien the
presence of a strong base.7. Process according to one ofains 1to 6,
characteri zegiehdt hat reachedappheedeacthedi nist hialleé esiubyt hatlesngf ther nul a
(I):5NCG-R-CN (1)in which Rrepresents a |inear or branchedal kyl enegroup
havi ng from $tisrirgcarbodiagotbeangpcsionapiyktarienead ¢hebr anched al kyl ene
radi cal havingfrom 1l to 6carbon atons.108. Process according to one

of O ai ms 1t 09PPrERENEEREFPzed in that the nean concentration ofdinitrile in
the reaction nediumlie bﬁtgﬁen_10~ and35~ as me%%ht by wei ght, when the
processi $%arri edout coRfi AQJaSHYE5EESBEEe 8L CaPOGPAFS 't 0 one of O ai ns

1to 8, characteri;e%gintthat it h% carriedout in thepresegge of Li OH, NaCH,
KOH, RbOH, CsOH or NEHOATIPRoPtnERF AREGFSE 10. Process acdoffdifng to one
of G aims 120to 9, _charagt eri.z@dy.n that the starting liquidreaction medi um
conpri ses water representing an anountof 1o to 20~ by wei ght Wi th respect
to thewei ght ofthe eqggrrg .ion nmedium 11. Process accorgiRg to

Cl ai nlO, 25characterized 1n that the concentrati on of water isbetween 1 and
15~ as wei ght by weirghtro@f pyivipe reacti onnmedi um 29.5%

15 - CY for other products: 0.4%

EXAMPLE 1: Ni doped with Rh

The following are charged to a 100 ml
stainless steel reactor equipped with a stirrer of
20 self-suction Rushton type, with means for introducing
the reactants and hydrogen and with a temperature

regulation system:

- hexamethylenediamine 24 g
- water 5.3 g
25 - KOH 0.66 mmol

- Raney Ni doped with 2.7% of Rh 1.3 g

In this example, there is 0.5 mol KOH/kg Ni.



19 12. Process according to one of Clainms 1 to 11, characterized in that
the reaction nmedi um conprises a solvent of al cohol type. 13. Process
according to Caim12, 5 characterized in that the al cohol is chosen from
met hanol , ethanol, propanol, isopropanol, butanol or the m xtures of the
sai d conpounds. 14. Process according to Lone of Clainms 1 to 13,
characterized in that the reaction nedi um conprises 10 diamne which is
coproduced by the hydrogenation. 15. Process according to Caim 14,
characterized in that t mean _cancentrat i under .continuous, condi tions of
the amnonitrile and/ oﬁhgg)tre’i ﬁ'é‘-’lvdl‘ina%pnuergf(':'nCi ?%ée FeatT Ton et Ui T 5% ween
350 and 99~ y]ﬂ%] it W ct Lght_ o he, i ned sol vent
i ncluded in ﬁhecpstal %&atcﬂﬂa{lhlrrgggé%}ﬁ’mtl’![éé.ﬁ%%o%&%mascc%drjt| ng&?gp% ai m 15,
characteri zed iypd hat i SN CGEHY MAdd O 4 RIRAPAL t1d e 2id og Of the
di am ne i s between 45~3}a&;% 0 89~ as wei ght by weight of the conbined
solvent in thgyaeaction nedium 17. Process according to one of Clainms 1 to
16, characterized in that the reaction nmedi um conprises |iquid or dissolved
ammonia. 5 24 g of adiponitrile are subsequently

introduced instantaneously via a dropping funnel
pressurized to 2.5 MPa by a pressure reducer placed on
a hydrogen supply at 5 MPa. The time is taken as equal
to 0 at this point. The progress of the reaction is

10 monitored by the consumption of hydrogen in the supply,
the pressure in the reactor being kept constant at
2.5 MPa, and by the analysis by gas chromatography (GC)
of a withdrawn sample of the reaction mixture. When the
optimum aminocapronitrile yield is reached, the

15 reaction is halted by halting the stirring, cooling the
reaction mixture and then depressurizing.

The following results are obtained:

- duration of the reaction 66 min

- DC of the AdN: 83.3%
20 - CY for ACN: 71.7%

- CY for HMD 28%

- CY for other products: 0.3%

EXAMPLE 2: Ni doped with Ir

25 The following are charged to a 100 ml
stainless steel reactor equipped with a stirrer of

self-suction Rushton type, with means for introducing



25 18. Process according to Claim1l17, characterized in that the amoni a
represents fromO0%to 500 by weight of the reaction nmedium 20 19.
Process according to one of Clains 6 to 18, characterized in that the
amount of alkali netal or alkaline earth netal hydroxide or amonia is
greater than or equal to 0.1 nol/kg of Sgt alyst. 5 20. Process according to
Claim 19, characterized in that the abovenenti oned anobunt of hydroxide is
between 0.1 and 2 nol/kg of catalyst. 21. Process according to Claim19 or
20, characterized in.that th bov nti_oned . unt. of 10 hydroxide is -
bet ween 0. 2 5?}5“ f.e@cr%P I?gagg %‘Xt gﬁ@ﬁep_ .wlg’?—' & & MRES A ge to one of
Clains 1 to ract e dnthat it is carried out at a tenperature of
| ess than or%eggblg %ﬁgﬁlggs%%glr'eferabl y of less than or equal to 120C 15
23. Process ac¢eidiednqepRei@hidedi M 1 to 22, ogharacterized in that it is
carried out under a hydrogen pressure of between 0.10 and 10 MrPa.

. Ah. AnY. AY. A_ALaAch A A A A .AAA.AAG6. A A As AsR4Bg; p T=y 8rD

~ytoj e [V]ca]ca] ca] ca] cRa] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] gahca] ca] ca U cta U c”a] cRal 0.13 mmol

- Raney Ni doped with 2.8% of Ir 1.3 g

In this example, there is 0.2 mol KOH/kg Ni.

After having purged the reactor with nitrogen
and then with hydrogen, the pressure is adjusted to

10 2 MPa of hydrogen and the reaction mixture is heated to
50°cC.

24 g of adiponitrile are subsequently
introduced instantaneously wvia a dropping funnel
pressurized to 2.5 MPa by a pressure reducer placed on

15 a hydrogen supply at 5 MPa. The time is taken as equal
to 0 at this point. The progress of the reaction is
monitored by the consumption of hydrogen in the supply,
the pressure in the reactor being kept constant at
2.5 MPa, and by the analysis by gas chromatography (GC)_

20 of a withdrawn sample of the reaction mixture. When the
optimum aminocapronitrile yield is reached, the
reaction is halted by halting the stirring, cooling the
reaction mixture and then depressurizing.

The following results are obtained:

25 - duration of the reaction 72 min

- DC of the AdN: 81.2%

- CY for ACN: 73.8%
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iridium.

2. Process according to Claim 1,

characterized in that the (Rh or Ir)/Ni ratio by weight
10 of the catalyst used is between 0.05% and 10%.

3. Process according to Claim 2,
characterized in that the abovementioned ratio by
weight is between 0.1% and 5%.

4, Process according to either of Claims 1

15 and 2, characterized in that the catalyst comprises one
or more additional dopants chosen from titanium,
chromium, iron, zirconium, wvanadium, manganese,
bismuth, tantalum, ruthenium, platinum, palladium,
niobium, hafnium or the rare earth metal elements, with

20 the exception of copper, silver or gold.

5. Process according to Claim 4,
characterized in that the amount of additional dopant
other than rhodium or iridium which the catalyst
comprises represents from 0% to 5% by weight of the

25 weight of the nickel.

6. Process according to one of the

preceding claims, characterized in that it is carried
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in which R represents a linear or branched alkylene
group having from 1 to 12 carbon atoms and preferably a
linear or branched alkylene radical having from 1 to 6
carbon atoms.

10 8. Process according to one of Claims 1
to 7, characterized in that the mean concentration of
dinitrile in the reaction medium lies between 10% and
45% as weight by weight, when the process is carried
out continuously.

15 9. Process according to one of Claims 1
to 8, characterized in that it is carried out in the
presence of LiOH, NaOH, KOH, RbOH, CsOH or NH40H or of
their mixtures.

10. Process according to one of Claims 1

20 to 9, characterized in that the starting liquid
reaction medium comprises water representing an amount
of 1% to 20% by weight with respect to the weight of
the total reaction medium.

11. Process according to Claim 10,

25 characterized in that the concentration of water is

between 1 and 15% as weight by weight of the reaction

medium.
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methanol, ethanol, propanol, isopropanol, butanol or

the mixtures of the said compounds.

14. Process according to one of Claims 1 to
13, characterized in that the reaction medium comprises

10 diamine which is coproduced by the hydrogenation.

15. Process according to Claim 14,
characterized in that the mean concentration under
continuous conditions of the aminonitrile and/or of the
diamine in the reaction medium is between 35% and 99%

15 by weight with respect to the weight of the combined
solvent included in the said reaction medium.

16. Process according to Claim 15,
characterized in that the mean concentration in
aminonitrile and/or of the diamine is between 45% and

20 89% as weight by weight of the combined solvent in the
reaction medium.

17. Process according to one of Claims 1 to
16, characterized in that the reaction medium comprises
liquid or dissolved ammonia.

25 18. Process according to Claim 17,
characterized in that the ammonia represents from 0% to

50% by weight of the reaction medium.
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