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: autres abrevhgiried out in order to prepare the corresponding
diamines; thus, particularly, the hydrogenation of
adiponitrile results in hexamethylenediamine, itself

10 being cne of the two base combounds 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
ﬁaprolactam, the base compound for polyamide-6, or
directly to polyamide-6.

' Thus, Patent US 4 389 348.disclosés a process
20. for thé hydrogenation of dinitrile to ®w-aminonitrile by
hydrogen in ammonia and aprotic solvent medium in the
"présence of rhodium deposited on a basic supﬁort.

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




tions, se referer aux "Notes explicatives relatives aux codes et

abrevi ations"fgurant au debut de chaque nurnero ordinaire de |a Gazette du
PCT. (57) Abregb : La pnesente invention concerne 1' h6pghydrogfpation de
dinitriles en aminonitriles correspondants. Elle concerne plus
particulierement ]J'utilisation d un catal yseur 4 base de N ckel de Raney
avec du rhodiumet/ou de 1'iridium 19 Becenber 20051 METHOD FOR THE

HEM HYDROGENATI ON OF DINI TRILES I N ORDER TO FORM AM NONI TRI LES The present
invention relates to the hem hydrogenation of dinitriles to correspondi ng
5 aminoni tri{Rsch The HYUHODENAh| ORe Ofa dhNhikhh6S, | SnOERE M byensdr ried out
in order to prepare the corresponding diam nes; thus, particularly, the
hydrogenat i 0pf 04 catdhDesttsfl RaiepUtdBalh bexanekbyl epsdi amine, itself 10
bei ng one of 'the two base conpounds for the preparation of polyam de-6,6.
However, it may prove bPecessany 3 oo pr epad erabitéberdi anphnecdsd fdhe ‘
intermediate amnonitrile. This is the case, for exanple but not
limtingly, thetperibshenydyodyegenadn ont ofimtipbhesride to

am nocapronitrile, .which is capable of subsequently being converted to
capr ol act amamheonhsel bespoundh¢ apr potyeri @f-$6, caraly$t dutsgd tan

pol yam de-6. Thus, Patent US 4 389 348 discl oses a process 20 for the

hydr ogenat i oRERPY dihFEe | @F tRpReY -eeRabhi 17 i the Wressmrogeh 4th amoni a and
aprotic solvent mediumin the Lq?gence of . rhadi um deposited on a basic

e.p
support.. Pat®Rstd 529 5y iRl ghls o SEREST phdcRR Fepction medium

comprising the products to be hydrogenated and the

hydrogenated compounds. The catalyst is used in
10 conjunction with a base. |
These wvarious 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 ocut to
modify this ratio in order in pérticular'to increase
the production of aminonitrile at the expeﬁse of that
of diamine and also to reduce the formation of by-
- products. |
26 .  Thus, Patent Application WO 00)64862
| diécloses a process for the partial hydrogenation of a
dinitrile for the préduction of aminonitrileé'in the
présence of a hydrogenation catalyst, of a ligquid
ammonia solvent or of an alkanol and of a coﬁpound.
25 which makes it possible to improve the selectivity of
.the reaction for aminonitriles.

Provision has also been made for catalytic



the 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
li-quid ammonia or an al kanol conprising an inorganic bage, 19, L @gnber 2005
2 which is soluble in the said al kanol, in the presence of & ¢ca al yst of
Raney cobalt or nickel type. Patent US 5 981 790 relates to a process for
the partial hydrogenation of dinitriles'sto 5 amnonitriles in the presence
of a catal yst based on Raney nickel or Raney cobalt in the presence of at

| east 0.5% by weight of water in the reaction medium conprising the
products to besbgfisopepatiednangdckbe abypdaogennt efdecoppaundsotide catal yst
is used in 10 conjunction with a base. These various processes nake it
possi bl e to mpoabt kyependacesanhant nobtanile, andppedi aniingrom, 1wl atively
different ratios and with relatively high production of by-products which
~are di fficul brerlboseprrate. tistuacesvare cbnthauaktylpet ngrcarsied out to
modify this ratio in order in particular to increase the production of
aminoni tril esalechevekpehor ahinpritvildi ani he dadreapse therkelek the
formati on_of by products. 20 Thus, Patent Application WO 00/ 64862

di scl oses”a PEoeBS8sSiBRPLRLYaP¥PRLCHT dr DgeRatrbalvEia syswems 3% for the
production of. anm nonitriles in the resence of a hydrogenation catal yst,
of a liquid déﬁ%%ﬂFﬁdsﬁPvBﬁFe%FsOFRaﬁ LPkahoP and %¥ 2 %%%ﬁﬁﬂ%d

' 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
| hemihydrogenation), so as to prepare predominantly the
corresponding aminonitiile and only to a minor extent
the diamine, with minimal formation of by-products.

More specifically, the invention relates to a

15 process for the hemihydrogenation of aliphatic
dinitriles to corresponding aminonitriles using
hydrogen and a hydrogenation catalyst. This process is
charagterized'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 cétalyst of the invention can comprise
one oxr more additional dopants chosen from GroupslB to
12 of the Périodic Table of the Elements (accofding to

25 the IUPAC nomenclature'employedjin: Handbook of
Chemistry and Phyéics, 80th edition, 1999—2000). In

particular, the group.cdmprising titanium, chromium,



25 which nmakes it possible to inprove the selectivity of the reaction for
am nonitriles. Provision has al so been nade for catalytic 19 Decenber 2005
3 systens based on nickel doped with one or nore other lgﬁ&ghxf&ﬁgents,
such as titanium copper and iron, in order to inprove the activity of the
catalyst or its selectivity for amnonitrile or to decrease the |evel 5 of
undesi rabl e by-products. Such catal ytic systens are disclosed in Patents
FR 2 785 608 and US 5 801 286. One of the objects of the present invention
is to provide a process for the preferential hydrogenation of a single
nitrite functi-epal -grewrigh, avahBadun,t Hahgaheeker bednliehi N the present’
text as hem hydrogenation), so as to prepare predom nantly the

corr espondi ngagianam,t Fultkeatdmonby atdnamyl panledtant ntbeidnam ne, with

m nimal formation of by-products. More specifically, the invention relates
to a 15 probtessiifuor, bhembém bpdr ohenatireneatrthl mphali eledentsrates to
corresponding am nonitriles using hydrogen and a hydrogenati on catal yst.
Thi s processprsichaedct hiezedthAyeshabft hbehyorvegenani oansatal yst  conpri ses
ni ckel or Raney nickel and a doping element 20 chosen from rhodi um or
iridium ﬂcc@ﬁﬁ@ﬁgsﬁocﬁﬁéﬁﬁerSéEHﬁécﬁéﬁV@Fi@Oéﬂ-the i nvention, the
catalyst of the invention can conprise _one or nore additional dopants
chosen from G oups 3 té® #2P5PIERESPePMBafd™eabl 8T oFREntN EPRIEARS @

(according t9,25 Lhe, | UPAC, nofeng! aLute, SiPLoyed L, Hapdbook. of .

an alkaline earth metél.or ammonium is added to the
hydrogenation medium. However, when the hydrogenation
- 10 is carried out in the presence of liguid ammonia, the
strong inorganic base is not hnecessarily 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 bf
being formed from the dinitrile to be hydrogenated, and
unconverted dinitrile, in. a.proportion for the
. .combination of these ﬁhree compounds at 80% to 99.5%.
20 - o | In another embédiment of the process of the
"invention, the reaction can be carried out in the
presence of a solvent, such as an alcbhbl. In this
case, the.presence'of water is notAobligatory.
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,




Chem stry and Physics, 80th edition, 1999-2000). In particular, the group.
conprising titanium chronmium 19 Decenber 2005 4 iron, zirconium

vanadi um nmanganese, bisnuth, tantalum ruthenium plaﬁh&%ghmgﬁbgadiunl

ni obium hafnium bismuth and the rare earth netal elements are
.preferred. The catal yst of the invention-cannot 5 conprise copper, silver
and/or gold. in a preferred enbodinent &f the invention, a strong

i norgani ¢ base deriving froman alkali netal or an alkaline earth netal or
ammonium i s added to the hydrogenation nmedium However, when the

hydr ogenat i or/htQ d maGateiednguthienoikeapleseneetofrikiyqibd ammoni a, the
strong inorgani c base is not necessarily needed. According to another
~preferred chardcieariitstile ahdt Heéamiventicon, 1ekeistar Leagthydr ogenati on.

medi um conprises water in a proportion of at |least 0.5%by 15 weight with
respect to alsubsftamhigalilgueducvapeatdsocotheheobindngddwiihhodianiiae and/ or
am nonitrile capable of being formed fromthe dinitrile to be

hydr ogenat ed 2d8vid ivenc 6nvlr addigimesr pre, diachosefr 8poPREBRCROAT L e

conbi nati on of these three conpounds at 80%to 99.5% 20 in another

enbodi mentd offatkEtpAEREd§26LORhEC OPnGAAPEen, the reaction can be carried
out in the presence of a sglvent, sgch as an.alcohpol. .in . this case, the

presence of water is nBECBBhATHEt 5Py FRFhETKERFAGBr 0GBRafPBA™Ir eacti on can be

carried 25 out intthﬁ gresence.otdan addi tive which Lﬂcreagef t@e
sel ectivity PO SMnSRPEFITCOT Wit hAFEE AR PG ERg 10 the catalyst,

advantageously, according to an {(Rh or Ir)/Ni ratio. by
.weight of between 0.05% and 10% and préferably between
10 0.1% and 5%.
| The amount of additional dopant other than -
rhodivm 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 reactibns. They are prepared by alkaline attack on'.
aluminium-rich Al/nNi alloys comprising, if appropriate,
other metals, generally referred to as dopants ér‘
pfomoters. 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

preparatioﬁ of the cétalyst: during the preparation of -




obtained with the additive-free system descri bed above, 19 Decenber 2005 5
whil e mai ntaining the overall selectivity for amnonitrile and di am ne at
a level at least substantially equivalent to that obt ajg r]fzgngle%&ut t he
-additive. Such additives are disclosed in particular in

Appl i cation WD 00/ 64862. According to the invention, the doping element
rhodiumor iridiumis present in the cakal yst, advant ageously, accordi ng
to an (Rh or Ir)/N ratio by weight of between 0.05% and 10% and
preferably between 10 0.1%and 5% The anount of additional dopant other

than rhodi upherai 166l wal €nd hensatat ysis GRE-£DEPr&seingengeal |y
represents fromO0%to 5% by weight of the weight of the nickel. 15 The

catal yst is peepasedoRcsdrehagal Doy CONVETkADed Hetdhoksifiothé he preparation
of netal catalysts. Thus, by way of exanple, Raney nickels are catalysts
wi dely used pﬂduemead)fymﬁoasr hydr sgeinateona 20=r react vanson Theytias e prepar ed
by al kaline attack on alunmniumrich A./N alloys conprising, if

appropri ate, alb@hetCﬁethitsengem AIylrederand WO 23/ Hopedr s or

pronoters. The catalyst is conposed of agglonerates of - nickel crystallites
with a hi§h specific sHirfaceatmiy2s generalar¢amreleencant ration of

resi dual al um nium .The dopant can be added at various stages in the
preparation 6%”@%1‘@&t%¢%%?ntdlﬁ$?@e§ﬁf%d PP orivbih respect to

the weight of the nickel, of less than or equal to 10%.

The catalyst pf 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
dihitrile 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 inveritidon are more
particularly the dinitriles of genefal formula (I):

NC-R-CN (T)

20 in which R represents a linear or branched alkvlene or
alkenylene group having from 1 to 12 carbomn atoms.

- Use is preferably made, in the proéess of the
invention, of the dinitriles of formula (I) in which R
represents a linear 6r branched alkylene radical having

25 from 2 to 6 carbon atoms.

Mention may in particular be made, as

examples of such dihitriles,'of adiponitrile,




19 Decenber 2005 6 the alloy by neltlng 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. Pat ent s VV%;%%WMI f@nd WO
95717960). 5 This catal yst generally conprises an alunlnlunlcon

expressed by weight with respect to the weight of the nickel, of Iess t han
or equal to 10%' The catal yst of the inmvention can be enployed in various
fornms, 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 tRéEh%Q?ﬁu@a§8h§E§hYétyeEﬁylsaabmﬁBh&&kheeof greater than 55%
and an overall ectivity for amnonitrile and diam ne of greater 15 than

90%. The aliphabthendtritel ! sscwhhehicanibe geapheyadtirnithengregess of the
invention are nore particularly the dinitriles of general fornula (1):

NC-R-CN (1) R@xtarwbi chnRosepiestatsthel nhraures bfaadhpdnaktkyiene or
al kenyl ene group having from1l to 12 carbon atons. Use is preferably made,.
in the proceasdegbrt bé menuehylonarohitheldi ahtivblesfof fornula (1) in which
R represents a linear or branched al kyl ene radical having 25 from2 to 6
carbon at énsetMehtiionineyitniparvhtghanrbecandbleast exagphasing such
dinitriles, of adiponitrile, 19 Decenber 2005
: from the same process for the synthesis of
adiponitrile.
In practice, the case where R = (CHz}gq 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
employved is chosen from the fellowing cpmpounds: LiOH,
'NaOH, KOH, RDOH, CsOH, NH,OH and their mixtures. |
In practlce, 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 implementatien of the
process.
Water is usually present in the reaction
25 mediuﬁ in an amount of less than or egual to 20% by

weight. Preferably, the content of water in the

reactlon medium 1s between 2% and 15% by welght with




met hyl gl utaronitrile, ethylsuccinonitrile, malononitrile, succinonitrile,
glutaronitrile and their mxtures, in particular the m xtures of
adiponitrile and/or of methylglutaronitrile and/or of Bp. ivero00s

et hyl succinonitrile which are capable of originating fromthe sane process
for the synthesis'of adiponitrile. In practice, the case where R = (CH2)4
will be the commonest, as this correspgnds to the use of 10 adiponitrile
(AdN) in the present process. The strong inorganic base is generally
conposed of alkali netal or alkaline earth netal or anmmoni um hydroxi des,

carbonates apdspbkextdesnel bokiBindael eqabbycehoseubhon af kahé g@ial or
anmoni um 15- hydr oxi des, carbonates and al koxi des. Preferably, the strong

i norgani ¢ baggdigmpl oyed is chosen fromthe follow ng conpounds: Li OH,
"NaOH, KOH, RbOH, CsOH, NHA4OH and their mxtures. In practice, NaOH and KOH
are generally used, 20nabfiidpugbn Rb®HandsCCelibahiguve ¥er ytlgeod resul ts.
The reaction nmedi um-has a conposition which varies according to the type
of inpl enentatten, ofitt he ppsetkss. taprervideustal égshresencthert he reaction
25 mediumin an anmount of |ess than or equal to 20% by weight. Preferably,
t he cont eht sblvaner Qﬁnﬁﬁ@llﬁa@fi@hcﬁhﬁiuhypg-b@hﬁe@ﬁCQ@@bﬁdﬂlE@Bby wei ght

with 19 Decenber 2005 8 respect_to the conbined Liquid constituents of the
sai d are more particularly suitable are, for example,

methanol, ethanol, propanol, isopropanol, butanol and
the mixtures of the said compounds.
Where it is employed with water, the
10 alcoholic solvent represents from two 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 medium
‘15 bomprises 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/ér of the diamine in
20 -the reéction medium is advantageously between 35% and
99% by weight with respect to the weight of the
cémbined solvent included in the said,reactibn ﬁedium
and more preferably between 45% and 89% as weight by
wéight. |
25 -  fThe overail cbncentration of targeted
amiﬁonitrile and/or of the corresponding diamine and of

the unconverted dinitrile in the reaction medium is




medium |In addition to or as a substitute for the water, it is possible to

provi de at |east one other 5 solvent, generally of alcohol type- The

al cohols which are nore particularly suitable are, forlfﬁéqﬂ%QKMSHEthanol
et hanol , propanol, isopropanol, butanol and the m xtur€s of the said
conpounds. Where it is enployed with water, the 10 al coholic sol vent
represents fromtwo to four parts by we ght per one part by wei ght of

wat er and preferably. three parts per one part of water. According to
anot her preferred characteristic of the invention, the starting

hydr ogenat i ogyeiR@izumyl et @R $6% dnd@nione Wi Gkightcapradueegeby the
hydrogenation. It.  is, for exanple, hexanethylenediam ne when the
dinitrile sulsie aoambisaadiopopift thie 11ighe dsednctadedntnathensatder
continuous., conditions of the amnonitrile and/or of the diamne in 20

t he reacti onrmedittion medgduwant ageous!l y bet ween 350. and 99% by weight with
respect to the weight of the conbined solvent included in the said
reacti on nedium and nBhe pestéiabl pebdumesAandswands89digyiderght by -

wei ght. 25 The overall concentration of. targeted aminonitrile and/or of

t he corr eSpordissgl¥cdnprecaid - ofenefaldiic ofier FEECHILAI FEPFESPRMFhe reaction

medi umis 19 Decenber 2005 9 generally between 85% and 99@6b¥ wei ght with
respect to from 0% to 50% by weight ©f the reaction medium and 7

_preferably from 0% to 15%.
| The amount of alkaii metal or élkaline earth -

metal or ammonium hydroxide in the reaction medium

10 wvaries according to ﬁhe nature of the said reaction

| medium.

When the reéction mediﬁm comprises only
water, thé reaction products and optionally ammonia or
© the diaminejras ligquid solvent medium, the amount of

15 alkali metal or alkaline earth metal hydroxide is
-advantagedusiy greater than or equal to 0.1 mol/kg of
catalyst, preferably between 0.1 mol and 2 mol/kg of

 _data1ystLand»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 ér the reaction conditionslchosen.
Tﬁus,_if the dinitrile is intreduced 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 reactiomn. By way of indication, use may be made of




t he conbination of the liquids included in the said reaction nmedium The
reacti on nedi um can conprise liquid or 5 dissolved amoni a. Gbnerally t he
anmoni a represents from Q0o to 50% by wei ght of the reaﬁﬁiﬁ%1 hum and
preferably - from0%to 15% The anount of alkali netal or a aflne earth
met al - or ammoni um hydroxide in the reaction nedium 10 varies according to
the nature of the said reaction nediumiyhen the reaction nmedi um-conprises
only water, the reaction products and optionally amonia or the diani ne,
as liquid solvent nmedium the amount of 15 alkali netal or alkaline earth
nmetal hydroxpdgsi gg 9@¥aB§/aQ€9§'ﬁ£YOQV@éﬁ:@lyéhaﬁlﬁlﬁ egspéct ocd. dnaml / kg ‘of
catal yst, preferably between 0.1 nol and 2 nol/kg of <c¢'ataly st. and .nore
preferably stblthibpevwgep Of2ctB8dreadtontméfgunf asat abystal Bp Jhelmmount of
catal yst enpl oyed can vary very wdely according in particular to the

met hod of opevags®n adopted or the reaction conditions chosen. Thus, if the
dinitrile is introduced gradually into the reaction nmedium the :
catalyst/dinitrile to bec@bdhydrogenapedfented eybogdigent wfitie nmuch
higher than if all the dinitrile'is enployed fromthe beginning of the
reacti on. 5Byimmgntionndibat fehalvse hayphecrndetbpnad PrEerdert 2005 10 0. 5%
to 50% by wei ght of catalyst with respect to the total melght of the
reacti on nedinRraddcgénérhp| yhefhemjhydrogenation medium.

preconditioning is advantageously carried out according

to the process disclosed in the unpublished French

Pétent Application No. 00.02897. This process consists
_iO 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 coﬁversion of the dinitrile, depends
20 ih parficular oni 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 ﬁrocess of the invention is generally_
carried out at a reaction temperature of less than or
25 ecual to 150°C, preferably of less than or equal to
120°C and more preferably still of less than or equal

to 100°C.



to 35% According to a preferred enbodi mrent of the 5 invention, the
catalyst is preconditioned before it is introduced into the '
hem hydr ogenati on nedium- This preconditioning is advaE}§F§E§§go5 carried
out according to the process disclosed in the unpublishe renc Pat ent
Application No. 00.02997. This process consists 10 briefly in mxing the
hydrogenation catalyst with a predeterpined anount of strong inorganic
base and a solvent in which the strong inorganic base is not very

sol ubl e. According to the invention, the nmedium conprising the catalyst

thus' conditioned is fedytg -bbe;d hy@lﬁﬁgen@&igntéﬁ@@f@iuréhfs hydr ogenat i on

reaction being carried out according to the usual conditions and

procedures aheeadyndisch esedeéfipdherhié e(@bprexinieeBel 2etdyidyd f or
amnonitrile, at a constant degree of conversion of the dinitrile, depends

20 in particubarcon the nature and on the content of dopant, on the amount
of water in the reaction nedium on the nature of the base and on the
base/N ratio. The proeessrofo} heimnlemeonsly gereiat | jubsequéertd out at a
reaction tenperature of |less than or 25 equal to 150C, preferably of |ess
than or eauatotbhémé}aaMQnDtleeFxr@dietmﬁhyCh@ﬁﬂwroiSIb@@uglhiant@rﬂe%]ual to
100C. 19 Decenber 2005 11 In practical terns,. this.tenperature is .between
anblent t enpepRrapEiapphvit egee| Broggyrand-hapoes to say, in o

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 |
éatalyst.
- In a batchwise method of operation, it can
vary from a few minutes to Several.houré.
15 It should be noted that a person skilled in
the art can vary: the order of occurrence of.tﬂe stagés'
- of the procéss'accofding';o the invention, according_to‘
the operating conditions.
The other conditions which govern the
20 hydrogénation.(continudus or batchwise) in accordance
T with the_invention relate to conventional technical
arrangements known per se.
The invention is illustratedrby.the examples
which follow of the hemihydrogenation of adiponitrile
725 to 6-aminocapronitrile
In these examples, the following

abbreviations may be used:




- Prior to, sinultaneously 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 ref erably
between 5 bar (0.5 MPa) and 50 bar (5 MPa). 10 The duryﬁﬁ%ﬁ“%%q?ﬁk reaction
can vary as a function of the reaction conditions and of the catalyst. In
a batchw se nethod of operation, it ca vary froma few mnutes 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 op i itions. The other conditions -
whi ch govern the 20 hydr%%gn'étif%#é(%%%%?g%ous or batchw se) in accordance °
with the invention relgtgtﬁozcg%yggéé ;techpi cal  arrangenments known per
se. The invention is illustrated by the exanples which follow of the
- heni hydrogenation of adipeRidlrhbLamebnlPepedidmifsapronitrile In these
exanpl es, the followi ng abbreviations my be used: 19 Decenber 2005 12 -
AdN = adiponitrile - ACNyE ani Qegeaes OBf t cbheett b = 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).

COMPARATIVE EXAMPLE.

10 The following arercharged to a 100 ml
étainless.steel reactor equipped with a stirrer of
self-suction Rushton type, with means for introduéing
the-reactants and hydrogen and with a temperéture

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 éxample, there is 0.5 mol KOH/kg Ni.
_ 20 S _After having purged'the rgactor 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.0f adiponitrile are subseguently
25 introduced instantaneously via a dropping funnei

pressurized to 2.5 MPa by a pressure reducer placed on

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




CY = selectivity with respect to the converted starting substrate (in this
instance'with respect to the AdN). COVPARATI VE EXAMPLE 10 The fol | owi ng
are charged to a 100 ml  stainless steel reactor equippghddd Restirrer of
sel f-suction Rushton type, with neans for introducing the reactants and
hydrogen and with a tenperature regulation system 15 -
hexanmet hyl enediamne 24 g - water 5.3 g3- KOH 0.33 mvbl Raney N
(conmprising.1.7%of C) 0.65 g In this exanple, there is 0.5 nmol KOH kg Ni.
20 After having purged the reactor with nitrogen and then with

hydrogen, . t hg Presguicsiiss padihyst edet 9rdgMRasobrhydeogencandnt he reaction
mxture is heated to 50C 24 g of adiponitrile are subsequently 25

i ntroduced i RrARCAREOBS ¥he aoasdmpRROA]ofURREropeassyrtred to 2.5 MPa by
a pressure reducer placed on a hydrogen supply at 5 MPa. The tine is taken
as equal 19 becenhen 200p1¥3 theOpatsthire pai nhe Fhecposgbesagokephe
reaction is nonitored by the consunption of hydrogen in the hydrogen
supply, the pressamnt am £hé MPact endbeynghkephalyenst butgas 2.5 MPa, and by
the anal ysis by gas chromatography (GC) of a withdrawn sanple of the
reaction i xtaemanearaphy (&) mam anivasbdproni spipée of the

reaction mixture. When the maximum aminocapronitrile
yvield is reached, the reaction is halted by halting the

stirring, cooling the reaction mixture and then

depressurizing.
10. The following results are obﬁained:
- duration of the reaction - -33 min
- DC of the AdN: ] 79.6%
- CY for ACN: | - .70.1%'
- CY for HMD o 29.5%
15. ~ CY for other products: : .0.4%'

EXAMPLE 1: Ni doped with Rh

The following are charged td_a 100 ml
- stainless éteel reactor equippéd,with a stirrér of
20 self-suction Rushton type,iwith means for introducing
the reactants and hydrogen and with a temperature

regulation system:

- hexamethylenediamine : 24 g
- water _ 5.3 ¢
25 = KOH : 0.66 mmol

1

Raney Ni doped with 2.7% of Rh 1.3 g

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




yield is reached, the reaction is halted by halting the stirring, cooling
the reaction mxture and then depressurizing. 10The following results are
obt ai ned: - duration of the reaction33 nin DC of the AINTQ.8%meCY for
ACN: 70.1% - CY for HWVD29.5% 15CY for other products:.0.40 EXAMPLE 1: Ni
doped with Rh The following are charged to a 100 m stal nl ess steel reactor
equi pped with a stirrer of 20 self-suctihgn Rushton type, with neans for
introducing the reactants and hydrogen and with a tenperature regul ation
system 24 g - hexanet hyl enedi am ne - wat er 5.3 g 25KOH0. 66 nmol Raney Ni

doped with 2.7% of Rh1a3t@r hAtikgS | @hed heaetioy iZhmek tkOgekg Nio 19
Decenber 2005 14 After having purged the reactor with nitrogen and then

with hydrogernd h@ehr @SSUr eyidroadinysted peedshPe afs hydieged aad the
reaction mxture is heated to 50C. 5 24 g of adiponitrile are subsequently

i ntroduced i rzstepat @ﬁehy@rpgmaamddltm@pmcﬂ:dnnemlmmmum hedted 205 NPa by
a pressure reducer placed on .
' 50°cC. : . 7 -

5 §4 g_of‘adiponitrile are subseguently
introduced instantaneously via a dropping funnel
pressurized to 2.5 MPa by a pressure reducer placed on
a hydrogen suppiy at 5 MPa. The time is taken as equal
to 0 at.this point. The progress of the reaction is

'10 monitored by the consumptién of hydrogen in the supply.
" the pressure in the reactor being kept constant at
-2.5 MPa, and by the-anai?sis by gas chromatography (GC)
-0of a withdrawn sample of the reaction mixture. When the
‘optimum aminocapronitrilé yvield is reached, the
lSI;reaction-is halted by halting the stirring, cooling the
réaéﬁion mixture and then depressurizing.

The following results are obtained:'

- duration of the reaction _ - 66 min
| - DC of the AdN: 7 o 83.3%
20 _ oy for acw: | 71.7%
| - CY for HMD = . . 2R

- CY for other products: " 0.3%

EXAMPLE 2: Ni doped with Ixr

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




a hydrogen supply at 5 MPa. The tine is taken as equal to O at this point.
- The progress of the reaction is 10 nonitored by the consunption of hydrogen
in the supply, the pressure in the reactor being kept ¢opsLaft-@s 2.5 MPa,
and by the analysis by gas chromatography (GC) -.of a wthdrawn sanpl e of
the reaction mxture. When the optinmm am nocapronitrile yield is reached,
the 15 reaction is halted by halting tr$§stirring, cooling the reaction

m xture and then depressurizing. The follow ng results are obtained: -
duration of the reaction .66 mn - DC of the ADN. 83.34 20 - CY for ACN

1 7% - OV {0 HIDL26% O, 1 RDSEC P STl 26 0 VB XMIBLE 22 N doped

with I'r The o?lomﬁng are char 100 stal nl’'ess steel reactor

equi pped mﬁt% §%£££{ ﬁrsggteﬁglfesuCtion Rushton. type, with nmeans for
i ntroduci ng cenber 15 the reactants and hydrogen and with a
i ntroduci ng 19 005 15 th d hyd d with

t enperat ure regukahiORy s¥8L€Mam24ed - - hexanet hyl egedi anine - water5.3 g
- 5-- KOHO.13 mml - Raney Ni doped with 2.8%of Irl.3 g In this exanple,
there is 0..2 yRteKOH kg N . 5.3 g
5 - KOH o : 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 hydrcgen, the pressure is adjusted té

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

24 g of adiponitrile are subseguently
int?oduced'instantaneously via a drdppihg fuhnel
preséurized to 2.5 MPa by a préssure reducer placed on

,15-~a hydrogen supply at‘S MPa. Thé time is taken as equal
to 0 at this point. The progress of-theAreaction is
monitored by the consumption of hydrogen in the supply,
the preésure in the reactor being kept constant at
 2.5 MPa, . and by the analyéis by -gas chromatography (GC)

.20 of a withdrawn sample of thé-reactionimixture. Whehlthe
optimum aminocapronitriie vield ié‘;eache&, the

. reaction is halted'by halting the.stirriﬁg, 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%




After having purged, the reactor with nitrogen and then with hydrogen, the
pressure is adjusted to 10 2 MPa of hydrogen and the reaction mxture is
heated to 50C. 24 g.of adiponitrile are subsequently @Q%&QQQQ@%

i nst ant aneously via a dropping funnel pressurized to.?2. a pressure
reducer placed on 15 a hydrogen supply at 5 MPa. The tlne |s taken as equal
to 0 at this point. The progress of the reaction is nonitored by the -
consunption of hydrogen in the supply, the pressure in. the reactor. being
kept constant at 2.5 MPa,.and by the analysis by gas chromat ography. (GO
.20 of a wi thdrawn he .reaction mxture. Wien the ,optinum

am nocapronitrile yie I's'reached, the reaction is haIte& by ‘hal ting the
stirring, coolingt r{AC IHE&QM nd then depressurigzigag. The
followi ng results a?%robtalﬁﬁ% 5 -%%ﬁ%htlon of the reacplon 72 min DC of
the AdN: 81.2% CY for ACN: 73.8% 19 Decenber 2005 16 - CY for HVD25.4% - -
CY for other products:0.8% 19 Decenber 2005 17 CLAIMS 1. Process for the
henm hydrogenation of a dinitrile to corresponding aminonitrile in a. liquid




- medium characterized in that the process is carried out in the presence of
a nickel or Raney nickel catalyst conprising a doping elenent fromrhodium
or iridium 2.. Process according to Claim1, charactgpzed.idodhat the
(Rhor Ir)/N ratio by weight 10 of the catal yst used is between 0.05% and
10% 3. Process according to Claim?2, characterized in that the
abovenentioned ratio by weight is betwgen 0.1% and 5% 4. Process according
to either of Clains 1 15 and 2, characterized in that the catalyst
.conprises one or nore additional dopants chosen fromtitanium chrom um

iron, zirconium vanadium manganese, ~Rirgguth, tantal um ruthenium
pl ati num pal | adi um  ni obi um haf ni um—m—r-g: rare earth netal el enents,

with 2.0 the exceptioniof CeRRRLssSIHMERHY 1Rty RodBnatess agcarding to
Claim4, characterized in that the anount of additional dopant other than

rhodi umor i EidiiumiwRi ¢l thereapahnnsing @amana%&ia%p&asanuagm@m 0% to 50
by weight of the 25 weight of the nickel. 6. Process according to one of
the precedi rgdashdi, "ehathatastiecdzead ichathahe prickedar tisedakiacenber 2005
18 out in the presence of a strong base. 7. Process according to one of
Cains 1 5tooht dhathet priczeticienotthat niitckied appReedyvt aitkeldinitrile
substrates of fornmula (1): . : '
catalyst comprising a doping element f:om rhodium or
iridium.
2. Process according to Claim 1,
- characterized in thaﬁ the.(Rh or Ir)/Ni ratio by weight
16 of the catalyst used is between 0.05% and 10%.
| 3. Process according to Claim'z,
characterized in that the abovementioned ratio by
weight is between O.l% and 5%.°
.4,_ Process according to either of Claims 1
i5 and 2; characterized in fhat the catalyst compriées one
or more additional dopénts‘chosen from*titaniﬁm;
chromium, ifon, zirconium, wvanadium, manganesé,
Ibismuth,.tantalﬁm, ruthenium, platinum;?palladiﬁm;‘
" 'niobium, hafnium or the_rare earth metallelements} with
20 ‘the ekcepﬁion cof copper, éilver or gold.
5. Process.according to Cléim 4,
qhéractérized in that the amount of additioﬁal dopant
other than rhodium or iridium which the catalyst
comprises fgprééents ffom 0% to.5%-by weight-of‘the
25 weight.bf thé nickel.
6. Process according to one of the

. preceding claims, characterized in that it is carried




5 NC-R-CN (I) in which Rrepresents a linear or branched al kyl ene group
having. from1l to 12 carbon atons and preferably a |inear or branched

al kyl ene radical having from1 to 6 carbon atons. 10 By RLogeSsefccordi ng
toone of Cains 1 to 7, characterized in that the nean concentration of
dinitrile in-the reaction nmediumlies between 10% and 45% as wei ght by
‘wei ght, when the process is carried outgcontinuously. 15 9. Process
according to one of Claims 1 to B. characterized in that it is carried out
in the presence of LiOH NaCH KOH, RbCH CsOH or NHAOH or of their’

mxtures. 10, Ptacess- ﬁ%%%%ﬂb@goko OQE - §E G,gkps 1 20 to. 9,

char acterized inthat the starting I qul reactl on nedi um conpri ses water

representing an anmount ~of 1%@5gegg%%ggogghggttgngﬁerggpegglﬁg ghe wei ght of
the total reaction nmedium 11. Process according to Caim 10, 25

characterizedoi B,t Bahrhheee9negntpathal ot wat gf;pﬁeaew/eeael and 15% as
wei ght by wei ght of the reaction nedium 19 Decenber 2005 19 12. Process

accordi ng togenetef 16l auBBttatks 3%, rebanast erjzed ih that.the reaction
nmedi um conprises a solvent of alcohol type. 13. Process according to Clalm
12, 5 chamacterized in that thenalret®wl is chos®En from
in which R reﬁresents a linear or,branched alkylene
group having from 1 to 12 carbon atoms and preferably a
linear or branched alkylene radical having from 1 ﬁo 6
carbon atoms. | v
10 o - B. Process according to one of Claims 17
- 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‘. éontinuously. |
15 ' 9. Process according_to one of Claims 1
“to '8; characterized in that it is carried out in the
;presence-of.LiOH, NaOE, KOH, RbOH, CsOH or NH@Oﬁ or of
" ‘their mixtures.
10. Process-acéording_to one éf Claims 1
20 to .9, characteriied in thét the starting liquid
reaction ﬁédium‘coﬁprises water'represeﬁting an ‘amount
dﬁ 1% to 20% by.Wéight‘with respect to the wéight of-
the total reaction medium.
'111. Proéess 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.




met hanol , ethanol, propanol, isopropanol, butanol or the m'xtures of the
sai d conpounds. 14 -Process according to one of d ai m; 1 to :
characterized in.that the reaction nedi um conprises %Fﬂﬂﬂ?zo ichis
coproduced by the hydrogenation. 15. Process accordi ng tlo alm
characterized in that the mean concentration under continuous cond_l tions
~of the amnonitrile and/or of the dianyge in the reaction nediumis

bet ween 35% and 99% .15 by weight with respect to the weight of the

conbi ned solvent included in the said reaction nedium 16. Process

according to Caim 15, 5 char dez el doR dihat thhendear eqnggat hation. in
~amnonitrile and/or of the iamne is betweén 45% and 20 69% as wei ght by

wei ght of the £anbi ned $Rleet dd ithe@ hateasld eRa®diociMned3uk/. Process
according to one of Claims 1 to 16, characterized in that the reaction

medi um conpr I&g@rﬂgéﬁjlad g@fl\@r&S@fV%qc@mnlt@pel8 Process according to
-Claim 17, characterized in that the ammonia represents from0%to 50% by

wei ght of the reaction Iedi FRockES sDecenheind0@s 20218 1Process according to
one of Clains 6 5 to 18, characterized in that the amount of alkali netal
or al kal i re e:ﬂratﬁ*amﬁxa]zel@dmoﬂh@e: theamiophali ssgceatsen itkan or equal to
0.1 m)t/kg of "catal yst.
methanol, ethanol propanol 150propanol, butanol or
the mixtures of the said compounds.
14. Process according to one of Claims 1 to
13, characterized in that the reaction medium cempriees
10 diamine which is coproduced by the hydrogenation. -
15. Process according to Claim 14,
characterized in that the mean concentration under
coneinuous condiﬁions of the aminonitrile and/or of the
diamine in the reaction medium ie between 35% and 99% -
.15 by weight with respect to the weight of the combined
solvent included in the said reaction medium.
l6. Procees according to Claim 15,
characterized in that the mean concentratlon in-
-aminonitrile and/or of the dlamlne is between 45% and
:20 89% as weight by weight of the combined solvent in the
reaction medium. | |
17. Process according to one ofidlaime 1 to.
16, characterized in that the_reaction medium comprises.
liquid or dissolved ammonia.
25 18.' Process according to‘Claim 17,

characteriied in that the ammonia represents from 0% to

50% by weight of the reaction medium.




20. Process according to Claim19, characterized in that the
abovenent i oned anmount of hydroxide is.between 0.1 and 2 nol/kg of

catalyst. 21. Process according to Caim19 or 20, chay i n that

t he abovementioned anount of 10 hydroxi de is between 6@5&QHJF%H% mol / kg
of catalyst. 22. Process according to one of Clains 1 to 21, characterized
inthat it is carried out at a tenperajtgre of |ess than or equal to 150C,
preferably of less than or equal to 120C. 15 23. Process.according to one
of Claims 1 to 22, characterized. in that it is carried out under a

hydrogen pressure of begweep, 0.L05208:423MB8- to one of Claims 6

to 18, characterized in that the amount of alkali metal
or alkaline earth metal hydroxide or ammonia is gréatér
than or equal to 0.1 mol/kg of catalyst.”

5 ) 20. Pfocess.accofding to Claim 19,
characterized in that the abo#ementioned—amount of
hydroxide is between 0.1 and 2 mol/kg of catalyst.

 21.  Process according to Claim 19 or 20,
characterized in that the abovementioned amount of
10 hydroxide is between 0.2 and 1.0 mol/kg of catalyst.:
22. 'Procéss according to one of'Claims 1
to 21, characterized in that it is carried out‘ag a
temperature of less than or egual to 150°¢, prreferably
of less than or. equal to 120°C. '
15 '23.. Process according to one of Claims 1
to 22, charaéterized.in that it is carriéd out under a

hydrogen pressure of between 0.10 and 10 MPa.




