19 Decenber 2005 1 METHOD FOR THE HEM HYDROGENATI ON OF DI NI'TRI LES | N ORDER
TO FORM AM NONI TRI LES The present invention relates to the

hem hydrogenation of dinitriles to corresponding 5 a”iﬂﬂﬂg%&kkﬁ§s The
hydr ogenati on of dinitriles is generally <carried out in order to prepare

t he corresponding diam nes; thus, particularly, the hydrogenation of

adi ponitrile results in hexanethyl enedi a@mne, itself 10 being one of the ;
two base conpounds for the preparation of polyam de-6,6. However, it my |
prove necessary to prepare not the diam ne but the internediate §
ani noni tri | eMETHOD FOR THE HIMRIYDIRGGENATIOC 0P WINPEULES T ORMR/TO FORME 15
hem hydrogenati on of adiponitrile to _am nocapronitrile, .which is capabl e
of subsequently being converted toAMAPNSIBEESY the base conpound for

pol yam de-6, or directly to polyam de-6. Thus, Patent US 4 389 348

di scl oses a process 20hpopresenhydnvgeharnomedfitgisnitorithe to
t,)-amnonitrile by hydrogen in ammonia_and aprotic solvent nmediumin the
presence of hEBdnYAraeppatriea ef dipasrélsgpper corpsepandisgs 151 543

di scl oses a process for the partial hydrogenation of dinitriles to 25

ami noni tr i e€ROFLESLLERt in nol ar excess of at least 2/1 with respect to

the d!nltrlle’ conprls&ﬁg L&ggggenation 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 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



ammoni a or an al kanol conprising an inorgani c base 19 Decenber 2005 2 which
is soluble in the said al kanol, in the presence of a catalyst of Raney
cobalt or nickel type. Patent US 5 981 790 relates to auﬂ&%ﬁﬁ%ﬁwBPr t he
partial hydrogenation of dinitriles to 5 amnonitriles I'n 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 nmedium conprising the
products to be hydrogenated and the . hydrogenat ed conpounds. The cat al yst
is used in 10 conjunction with a base. These various processes nmake it

possible to whobRtly Scogyce 8 endnoRidrilirared, aifi aRk Nerédensel atively
different ratios and with relatively high production of by-products which

are difficulbrte dbcsepatabe. ROheli eSbaTe 6onkianpal | yypeing carried out to
nodify this ratio in order in particular to increase the production of
aminonitrile at the expensetofsthadsdf74l) anehecandial soptecséesupsrt he
~formation of by products. 20 Thus, Patent Application WO 00/ 64862

di scl oses a precesstial hydrpgendalohyaf ofenatiobesfta dinitrile for the
production of am nonitriles in the presence of a hydrogenation catal yst,
of. a |iqubd amimonl br sbhévern dhe abregsentkapdl a apritalyst cenpadineh 25 whi ch

makes it possible to inprove the selectivity of
', Raney nickel or Raney cobalt in the presence of at

least 0.5% by weight of water in the reaction 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 reaction for amnonitriles. PrOV|S|on has al so been made for catalytic
19 -Decenber 2005 3 systens based on nickel doped mnth one or nore other
met al el ements, such as titanium copper and iron, ? em&ﬂzaﬁprove t he
activity of the catalyst or its selectivity for anlnom

decrease the level 5 of undesirabl e by-products. Such catalytlc 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 preferenti al
hydrogenation of a single nitrite functional group of a 10 dinitrile
(referred tosiyatkhe paesantnt extkas OHepelydt opesati 6A)moBO 8chéP prepare
predom nantly the corresponding amnonitrile and only to a m nor extent

t he di am ne, meith ailemeakbsfosuahi an of thyipmopddepser Mune specj figal ly, the
invention relates to a 15 process for the hem hydrogenati on of aliphatic
~dinitriles torderréespomgingeahiaoactiviey ofi hje bytabgeh andies

hydr ogenati on catal yst. This process is characterized in that the

hydr ogenat i oaetachiysty Eonpainsesnhitkee or Randgcnézkel thadlevebpi ng

el ement 20 chosen fromrhodiumor iridium_According to another

charact er Pst PE BRAeR&TaPhY ehY FBROTE RS ca%q:kts@a*éalth FWEPRNDRERAN
conprise one.or_nore additional dopants chosen rom G ou 323 to 12 of the

Peri odi c Tab 15G1opRe EReRRRERLY dtkof di g $68 and US 5 80

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
oné or 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, 1899-2000}). In

particular, the group.cdmprising titanium, chromium,



25 the I UPAC nonencl ature enpl oyed in: Handbook of Chem stry and Physi cs,
80th edition, 1999-2000). In particular, the group. conprising titanium
chrom um 19 Decenber 2005 4 iron, zirconium vanadlun1 1B g%ggﬁﬁ bi smut h,
tantal um ruthenium platinum palladlun1 ni obi um hafnlun1 I smuth and
the rare earth netal elenents are .preferred. The catal yst of the

i nvention-cannot 5 conprise copper, silaer and/or gold. in a preferred
enbodi nent of the invention, a strong inorganic base deriving from an

al kali metal or an alkaline earth nmetal or ammoniumis added to the

hydr ogenat i on dgedi whrcheexer ranhanutl)e iydaagenat beBmkOnhi s carried out in
the presence of liquid amonia, the strong inorganic base is not
necessarily meededum,Actehenigm, opaaathem, ppefieaateédmchatactani stic of the
invention, the starting hydrogenation. nmedium conprises water in a
proportion ohafnilugasbiGmb¥hbyndlSheergle wathhr sepett etemahtsobreéhe 11 quid
conpounds of the said nmedium diamne and/or amnonitrile capable of being
formed from phreidgirmied: i The retbdvyhydedgéhat édyveandonunsnnoebrted dinitrile,
in a proportion for the conbination of these three conpounds at 80%to
99.5% 205 nCRAPEAEE ERPBErmeRt YTt REIPPECESSIef the . invention, the
reaction can be carried out in_the _presence of a solvent such as an

al cohol. in this caseIntﬁePE?§§§ﬁ€@ SFPRELBEES OﬁthEbFPE%FB%9n'

strong inorganic base deriving from .an alkali metal or
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,




The hem hydrogenation reaction can be carried 25 out in the presence of an
additive which increases the selectivity for amnonitrile with respect to

that obtained with the additive-free system descri bed ﬁﬁquﬂmégP§Ecenber

2005 5 while maintaining the overall selectivity for am noni trile and

diamine at a level at |least substantially equivalent to that obtained

W thout. the -additive. Such additives are disclosed in particular in 5

Pat ent Application WD 00/ 64862. According to the invention, the doping

el ement rhodiumor iridiumis present in the catalyst, advantageously,
accordi ng t owilEeRma0nhthihiby taki evhyaldesghecotvhetweer 0. 05% and 10% and
preferably between 10 0.1% and 5% The anount of additional dopant ot her
~than rhodi ummdmoniitdiidem ehdcAitheéneatal ysflegaih eonpease generally
represents from0%to 5% by weight of the weight of the nickel. 15 The
catal yst is pubsdesdiaddyr domgvedentonvenbronabtagnhddeitboutheher eparation
of metal catalysts. Thus, by way of exanple, Raney nickels are catalysts
wi del y used iasdidtivieal PpchopdRy8iggenatrroAigglopadcinonsrt¥paganr &npr epar ed
by al kaline attack on _alum niumrich Al/N alloys conprising, if

appropri atde, PaseRér AppLaratigentPallybAéférred to as. dopants or

According to the invention, the doping
element rhodium or iridium is present in 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 -




pronoters. The catal yst is conposed of agglonerates of nickel crystallites
with a high specific surface and 25 with a variable concentration of '
resi dual alum nium .The dopant can be added at vari ous L the
preparation of the catalyst: during the preparation of %@ﬁﬁggéﬁ%gi 2005 6
the alloy by nelting the various netals, during the activation of the
alloy by alkaline attack in the presenge of Rh or Ir salt, or after
activation of the alloy (cf. Patents WD 95/17959 and WD 95717960). 5 Thi s
catal yst generally conprises an alum niumcontent, expressed by wei ght

Wi th respectche aihey ey ahbieind hendi kel oudfmdessst hanr ohgeghal to 10%'
The catal yst of the 1 nvention can be enployed in various forns, such as

grains, grangkesvetiPeweerthe 181 The 1py osBss] Die thetddvent | eine nakes it
possible to obtain, for a degree of conversion of the dinitrile of greater
than 70% a pekeehtyidy Roror am noanlt y ide oftegr eadeivahibm 5586 @nel an
overal|l selectivity for aminonitrile and di ami ne of greater 15 than 90%_
The ‘al i phat i gltloyi {cf! eBawdmth WanS hel7Empl oy di® n23hE7 pFdress of the
invention are nore particularly the dinitriles of general fornula (1):
NC-R-CN (B) 20 in whi chhfs r@@iﬁ@{.‘e&ﬁ soeneyaely @R hereherh al kyl ene or

al kenyl ene group having from1l to 12 carbon atons.
aluminium content, expressed by weight with 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,




Use is preferably nmade,. in the process'of the invention, of the
dinitriles of formula (I) in which R represents a |linear or branched

al kyl ene radical having 25 from2 to 6 carbon atons. L.on NBy. in

particul ar be nade, as exanples of such dinitriles,. of aé?ponltrlle, 19
Decenber 2005 nethylglutaronitrile, ethylsuccinonitrile, rmalononitrile,
succinonitrile, glutaronitrile and theirp, mxtures, in particular the

m xtures of adiponitrile and/or of methylglutaronitrile and/or of 5

et hyl succinonitrile which are capable of originating fromthe same process

for the syntRes5101,ta8bRPPLLIE! eechP1BlBE hogithhecCase where R = (CH2) 4
wll be the conmmonest, as this corresponds to the use of 10 adi ponitrile

(AdN) in thepplgsent tPieeeSsucdN8osl EONTel NGLURAEnhAEC1ESag@NERALLY -
conposed of alkali nmetal or alkaline earth metal or ammoni um hydroxides,

car bonat es angxal:kexi des. phttisulpretheahl ytabesenff aampahkstileetal or
ammoni.um 15- hydr oxi des, carbonates and al koxi des. Preferably, the strong
i nor gani c based/espboymdthglghasenochiom ibeahdl/bowbfiy conpounds: Li OH,
"NaOH, KOH, RbOH, CsOH, NH4OH and their mxtures. In practice, NaOH and KOH
are gener al | gthgéducc2fonk tholghwRbChl and Csprbianco§i veigengtioad results.
The reaction nmedi um has a conposition which
: 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 following cpmpounds: LiOH,
'NaOH, KOH, RDOH, CsOH, NH,OH and their mixtures. |
In practice, NaOH and KOH are generaliy used,
.20 .although RbOH and CsOH can give very good results. |
The feaction medium has a composition which
varies according to the type of implementatién of the
process.
Water is usually present in the reaction
25 mediuﬁ 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




varies according to the type of inplenentation of the process. Water is
usual ly present in the reaction 25 nmediumin an anount of |ess than or
equal to 20% by weight. Preferably, the content of watgyl t%[%Of,reaction
mediumis between 2% and 15% by wei ght with 19 Decenber 368%“ respect to
the conbined liquid constituents of the said nedium In addition to. or as
substitute for the water, it is possiblge to provide at | east one other 5
sol vent, generally of alcohol type- The al cohols which are nore
particularly suitable are, for exanple, nethanol, ethanol, propanol,

i sopropanol , rhybane! candhet BemBL XLEr £8q0E At Bensai BueRtPOosNdshe VWgI@ it IS
enpl oyed with water, the 10 al coholic solvent represents fromtwo to four
parts by weightiuper one part by weight of water and preferably. three
parts per one part of water. According to another preferred characteristic
of the invention, the shasifihgibydtogenatsoa sedstitibe choprilses di am ne
whi ch i s coproduced by the hydrogenation. It. is, for exanple,
hexanet hyl enedtam nét ishenssheldi potprdeidabstrdeast sonei pométrile. The
mean concentration under continuous., conditions of the amnonitrile
and/.or of 5t heollventnegfneradly hef rabeehoh FEBfunTRS alvamehyedusty bet ween

35% and ) ) _
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




99% by weight with respect to the weight of the conbined solvent included
in the said reaction nedium and nore preferably between 45% and 89% as

wei ght by weight. 25 The overall concentration of target ponltrlle
and/ or of the correspondi ng diam ne and of the unconverteé’ﬁ’aﬂ%rlle in
the reaction nediumis 19 Decenber 2005 9 generally between 85% and 99% by
wei ght with respect to the conbination®of the liquids included in the said
reacti on nedium The reaction mediumcan conprise liquid or 5 dissolved
amoni a. Generally, the anmmonia represents fromOo to 50% by wei ght of the

reacti on nmedigemeaiad 1ypbefeeabl g5k and0%okoblSUeilhe atvhnt-eebeatkabi netal
or alkaline earth - netal or ammoni um hydroxide in the reaction nmedi um 10
vari es accor dihrg combtihatiahuneé ahet Négudidd neadiided dedihs swbeén t he
reacti on nedi um conprises only water, the reaction products and optionally
ammoni a or tdescdiam medias.| i quid sol vent nedium the anount of 15 al kali
metal or alkaline earth netal hydroxide is advantageously greater than or
equal to 0.1 nol/kg of Theatabystionprefdrablpnberwesnse. 1iguidand 2 nol / kg

of c'ataly'st. and .nore preferably still between 0.2 and
"5 dissolved ammonia. Generally, the ammonia represents

from 0% to 50% by weight of the reéction medium and
_preferably from 0% to 15%.
The amount of alkall metal or alkallne 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
operatlon adopted or the reaction condltlons chosen.
Thus,_lf the dinitrile is intreduced gradually 1ntQ_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




.1.0 nol/kg of catalyst. 20 The anount of catal yst enployed can vary very
wi dely according in particular to the nethod of operation adopted or the
reaction conditions chosen. Thus, if the dinitrile is ipt radual | y
into the reaction nmedium the catalyst/dinitrile to beﬁfggﬁﬁéﬁgggnated
ratio by weight will be much higher than if all the dinitrile i's enployed
fromthe beginning of the reaction. Byjgay of indication, use may be nade
of 19 Decenber 2005 10 0.5%to 50% by wei ght of catalyst with respect to
the total weight.of the reaction nediumand generally of 1% to 35%

Accordi ng togasprefbespgdperpedinenttobateyStiRvent +ospetbersaibyst is
preconditioned before it 1s introduced into the hem hydrogenati on nedi um

This precondbth@niyBgght adventagesusi yncasaied andt gesersing of aig he
process disclosed in the unpublished French Patent Application No.
00. 02997. This pe®cess consists 10 briefly in mxing the hydrogenation
catalyst with a predetermned anount of strong inorganic base and a
sol vent in.which the shcongdingrganacpbaerisdnenbgdiyensoblibtlee Accordi ng
to the invention, the medium conprising the catalyst thus conditioned is
fed to thé lsnhgdtbgenathencacatydt, isheragerdyehanednbebertivnh being
carried out according_to the usual conditions and procedures already
di'scl osed i nitheofiveedainke the hemihydrogenation medium. This
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 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 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.




The selectivity for aminonitrile, at a constant degree of conversion of
the dinitrile, depends 20 in particular on the nature and on t he content of
dopant, on the ampunt of water in the reaction nmedium 19BLed 6, Jogd ur e of
the base and on the base/N ratio. The process of the |nvent|on I'S
generally carried out at a reaction tenperature of |less than or 25 equal
to 150C, preferably of less than or equgl to 120C and nore preferably stil
of less than or equal to 100C. 19 Decenber 2005 11 In practical terns,
this.tenperature is between anbient tenperature (approximtely 20C) and

100C. Prior to, si mJltﬁﬂeﬁﬂ§&’¥1¥‘éiht@fm§Ub§§ﬂé‘eﬂémp§ré@uxt:@elgeat'ng, the
reaction chanber is brought to the appropriate hydrogen pressure, that is

to say, in ppagklbes, akel weentdmbaraf@rd O(MRsdoanda 40y bago¢laddPa) and
preferably between 5 bar (0.5 MPa) and 50 bar (5 MPa). 10 The duration of

t he reactionjgancvary as a function of the reaction condi tions and of t he
catalyst. In a batchw se nethod of operation, it can vary froma few
m nutes to several houpsio#btot stmmﬂtbﬂmommlﬁdwihmiom.@@bsemuemnlled in
the art can vary the order of occurrence of the stages-

5 to the heating, the reaction chamber is brought to the
‘appropriate hydrogen.pressure, that is to say, in
practice, between 1 bar (0.10 MPa) and 100 bar (10 MPé)'
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:




- of the process. according to the invention, according to the operating
conditions. The other conditions which govern the 20 hydrogenati on
(continuous or batchwi se) in accordance wth the invengip f&haie to
conventional technical arrangenents known per se. The invention is
illustrated by the exanples which follow of the hem hydrogenati on of

adi ponitrile 25 to 5-anin.ocapronitrih§%ln t hese exanples, the foll ow ng
abbrevi ati ons may be used: 19 Decenber 05 12 - AdN = adiponitrile - ACN =
am nocapronitrile H YI D = hexanet hyl enedi am ne 'DC = degree of conversion

CY = selectivity with re ct : : erted starting substrate (in this
instance' wth respect t%ﬁﬁhe %é%%&ﬁ%iﬁﬁgﬁgﬁTIVE EXAMPLE 10 The follow ng

are charged to a 100 m Aé&a;n%§§§o§é§§%n{§@£1@r equi pped with a stirrer of
sel f-suction Rushton type, with nmeans for introducing the reactants and

- hydrogen and with a tenmgmdturgexiROtthat boBasyeiea 15 -
2.3 ¢

hexanet hyl enediam ne 24 g - water
' - 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'_




- KOH 0.33 nmmol Raney Ni (conprising 1.7%of Cr) 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,.the pressure is adj us{gsl.l@.2obfa of
hydrogen and the reaction mxture is heated to 50C. 24 g of adiponitrile
are subsequently 25 introduced instantaneously via a dropping funnel -
pressurized to 2.5 MPa by a pressure reggcer placed on a hydrogen supply
at 5 MPa. The tinme is taken as equal 19 Decenber 2005 13 to O at this

poi nt: The progress of the reaction is nonitored by the consunption of
hydrogen in the g @Edrt@ﬁ%ng%‘iﬂ@';yThtehﬁr[éb%é@ér efi Rhkheckeagbar ikei ng kept
constant at 2.5 MPa, and by the analysis by gas chromatography (GC) of a.
wi t hdrawn sarpf tfrddh®y EBactbaguibxtvhe o fVhgArbhenmaxi aue

am nocapronitrile yield i$§ reached, the reaction is halted by halting the
stirring, coehididdehe si@adii, onhe preseuardihhehedepaessur beting. képthe
followng results are obtained: - duration of the reaction33 mn DC of the
AdN: 79. 6% - CYrfstmanACNL7Q.. 3%8PaCYahdr biVDRe. Banl5EYsT by geker '
products:.0.40

5 chromatography (GC) of a withdrawn sample 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.




EXAMPLE 1: Ni doped with Rh The follow ng are charged to a 100 m stainless
steel reactor equipped with a stirrer of 20 self-suction Rushton type, with
means for introducing -the reactants and hydrogen and Wgdh.a.bS00er at ure
regul ati on system 24 g - hexanet hyl enedi anmine - water5.3 g 25KOH0. 66 nmol
Raney NI doped with 2.7%of Rh1.3 g .In this exanple, there is 0.5 nol

KOH kg Ni. 19 Decenber 2005 14 After hayigng purged the reactor with
nitrogen and then with hydrogen, the pressure is adjusted to 2 MPa of
hydrogen and the reaction mxture is heated to 50C. 5 24 g of adiponitrile

are subsequently i nt r a¢eed HaRILRANLARRRWS ItheV ird a2 tdrORRILAJ nf ¥RBGkn
pressurized.to 2.5 MPa by a pressure reducer placed on a hydrogen supply at

5 MPa. The timpR ithehakerhadyedvdlen,t @R girelsBiugepaisntadijthhecpr egress of the
reaction is 10 nonitored by the consunption of hydrogen in the supply, the
pressure in therreeadt bydheiges kew thensikantian hixthMPe, ianthebyetiheoanal ysis
by gas chromatography (GC) .of a withdrawn sanple of ‘the reaction mxture.
When t he opB@ﬁﬂnlanlnocapronltrlIe yield is reached; the

5 24 g_of‘adlpon;trlle 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: " o 83.3%
20 _ oY for ACN: | 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




15 reaction is halted by halting the stirring, cooling the reaction

- m xture and then depressurizing. The following results are obtained: -
duration of the reaction .66 min - DC of the AdAN: 83. 34¢ p20nser So¥5 f or ACN.
71. 7% - CY for HVD 28% CY for other products: 0.3% .25 EXAMPLE 2: N doped
with Ir The following are charged to a 100 ml  stainless steel reactor

equi pped with a stirrer of self-suctiojy Rushton. type, with neans for

i ntroduci ng 19 Decenber 2005 15 the reactants and hydrogen and with a
tenperature regul ati on system 24 g -- hexanet hyl enedi amne - water5.3 g
5-- KOHO. 13 |- I i % lrl LS exanple,-
there'is 0..gH%D¥e%§§§§%Sk%?goﬁfgé¥§%£v%%€ %ﬁ%%e%,%%%g?%§E%%% with nitrogen

and then w th byt ogen, sLhe-pressure is adjusted to 10 2 MPa of hydrogen
and the react?%% n?xtur%§iseheated to 50C. 24 g of adiponitrile are

subsequent | y_ hexamethylenediamine 24 g
- water ‘ | 5.3 ¢

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 to
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 5 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%




i.ntroduced instantaneously via a dropping funnel pressurized to.2.5 MPa by
a pressure reducer placed on 15 a hydrogen supply at 5 MPa. The tine is
taken as equal to O.at this point. The progress of thegRachL 004 S _
noni tored by the consunption of hydrogen in the supply, the pressure in.
the reactor. bei'ng kept constant at- 2.5 MPa,.and by the anal ysis by gas
chromat ography. (GC) .20 of a withdrawn,ganple of the reaction mxture.
‘When the optinmum ani nocapronitrile yield is reached, the reaction is halted
by halting the stirring, cooling the reaction m xture and then

| depressuri zing. The I i results are obtained: 25 -.duyragtion of the
reaction 72 mn DCC§$j%ﬁ£%%gN: 81.2% CY for ACN 73.8@6%&'%€cenber 2005

16 - CY for HVD25. 4%y -£ &Y Jt¥eOtheauireduct s: 0. 8% 19 Degemher 2005 17
CLAIMS 1. Process for the hem hydrogenation of a dinitrile to
corresponding amnonitrile in a. liquid nmedium characterized in that the
process is carried out in the presence of a nickel or Raney nickel

catal yst conprising a doping el enent from rhodi um or” '




~dridium 2.. Process according to Claim1l, characterized in that the (Rh
or Ir)/N ratio by weight 10 of the catalyst used is between 0.05% and 10%
3. Process according to Claim2, characterized in that,qhe..apoyerenti oned
ratio by weight is between 0.1% and 5% 4. Process accordl ng to either of
Clainms 1 15 and 2, characterized in that the catal yst conpri ses one or
more additional 'dopants chosen fromtitamium chromum iron, zirconium
vanadi um manganese, bisnuth, tantalum ruthenium platinum paI | adi um
‘ni obium hafniumor the rare earth netal elenments, with 2.0 the exception
of copper, silver or gold. 5 Process~agepeding to Caim4, characterized
in that the amount of additional doparmt—other than rhodiumor iridium

which the catalyst conRprisesceReseH $H gr@ng‘i@;&o@%ngxl\gﬁ ght jof the 25
wei ght of the nickel. 6. Process according to oné of the preceding clains,

characterizedind cthatk ith iceresboadity Bacermberr20Q5 118 20ut guAdt he presence
of a strong base. 7. Process according to one of Claims 1 to 6,

characteri Zedleldﬂuinbabhla&‘alcs:e&ﬁriledednt @Halte tiieniptridde®’ss 4ls taatresdof fornul a
(r)y: 5 NC-R—CN (I)

5 out in the. presence of a nickel or Raney nlckel
catalyst comprising a doping element from rhodium or
iridium.

2. Process according to Claim 1,

- characterized in that the.(Rh or Ir)/Ni ratio by weight
16 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 betweencO.l% and 5%.°
‘ .4,_ Process according to either of Claims‘l

i5 and 2 characterized in that the catalyst comprlses one
or more add1t10na1 dopants chosen from titanium,
chromium, iron, zirconium, vanadium, manganese,
Ibismuth,.tantalﬁm, ruthenium, platinum;?palladiﬁm;‘
" 'niobium, hafnium or the_rare earth metallelements} with
20 ‘the ekception cof copper, silver or gold.

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

25 weight.cf the nickel.
6. Process according to one of the

. preceding claims, characterized in that it is carried




in which Rrepresents a |linear or branched alkylene group having. from1
to 12 carbon atons and preferably a |inear branched al kyl ene radi cal
having from1 to 6 carbon atons. 10 B. Process accor di i QueBeef C ai ns
1 to 7, characterized in that the nean concentration of dinitrile in the
reactlon ‘medium | i es between 10% and 45% as wei ght by wei ght, when the
‘process is carried out continuously. 18 9. Process accordlng to one of
Clainms 1 to B. characterized in that it I's carried out in the presence of
Li OH, NaOH, KOH, RbOH, CsCOH or NH4OH or of their' mxtures. 10.

Process-accopdingt n i haracterized in that the
gg 9nt QuQf grgge gl i& é 8%9058 gas% .

St arti ng |IC|UI reacti I um conprises water representing an anpunt of

1% to 20% by wei ght wi th re%ESEEsEOaEB%r&@hghEoanEh@fteﬁékmée§0t'0“
medium 11. Process according to Caiml 5 characterized in that the

concentrati opg0k, WahgkatsebeWBENn1taRd 18% asapBi @bl by wakght of the
reaction nmedium 19 Decenber 2005 19 12. Process according to one of O ains

1 to 11, chaiacternzedubBti-hakst be Feart:Ean (medi um™ conpri ses a sol vent of
al cohol type. 13. Process according to Claim12, .
5 NC-R-CN (I)
in which R reﬁresents a linear 0r 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.




5 characterized in that the alcohol is chosen from nethanol, ethanol,
propanol , isopropanol, butanol or the mixtures of the said conpounds. 14.
Process according to one of Cainms 1 to 13, characteri dg ' t he
reaction nmedi um conprises 10 diam ne which is copr oducgéa ?oc%fﬁ%ef]%b%
hydrogenation. 15. Process according to C aim-14, characterized in that
"the mean concentration under continuouggconditions of the amnonitrile .
and/or of the diamne in the reaction nmediumis between 35% and 99% .15 by
wei ght with respect to the weight of the conmbined solvent included in the

said reaction medium 146, Prcess AGCoLGHAG @ Cedlemck5 1 a6har act eri zed i n
"that the nmean concentration. in amnonitrile and/or of the diamne is

bet ween 45% gngl 120 69%ras-ceRiighia By, wWei:ghthef rhe cgembiaed ugol vent in the .
reaction medium 25 17. Process according to one of Claims 1 to 16,

char act eri zed:dnprtibrls thesdiereil @F rEdEmdICeypel.ses |iquid or dissolved '
~ammoni a. 18. Process according to Claim17, characterized in that the

ammoni a represents fromi0% rarodzld® by seiddhty eb Cheimedetion nedium 19
Decenber 2005 20 19. Process according to one of Clains 6 5
5 characterized in that the alcohol is chosen from
methanol, ethanol, probanol, isoPropanol, butanocl or
the mixtures of the said compounds.

14. Process according to one of Claims 1 to

13, characterized in that the reaction medium cémpriées
10 diamine which is coproduced by the hydrogenation. -

15. Process according to Claim 14,
characterized in that the mean concentration under
conﬁinuous condiﬁions of the aminonitrile and/or of the
diamine in the reaction medium ig between 35% and 99% -

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

l6. Proceés according to Claim 15,
characterized in that the mean condentraﬁion‘inqv*.;;~

- aminonitrile and/or of the diamine ié beﬁween 45% and
:20 89% as weight by weight of the combined.solvent in the
reaction medium. | |

17. Process according to one ofidlaimé 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.




to 18, characterized in that the anount of alkali netal or alkaline earth
netal hydroxide or anmonia is greater than or equal to 0.1 not/kg of
"catalyst.' 20. Process according to Caim19, characteyj gﬂm}ﬂ)ghat t he
abovenent i oned anount of hydroxide is between 0.1 and 2 catal yst.
21. Process according to G aim19 or 20, characterized in that t he above
mentioned anmount of 10 hydroxide is betyeen 0.2 and 1.0 nol/kg of
catal yst. 22. Process according to one of Clains 1 to 21, characterized in
that it is carried out at a tenperature of |less than or equal to 150C,
preferably of less thag. orngg%gstgcégggin%SthOngrg§e§§a§ﬁgogd|ng to one

of Claims 1 to 22, characterize in that is carried out under a
hydrogen pregsung, OknheLweer;0ed0iandnd® MRa. 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 abovementioned 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.





