PROCESS FOR THE HYDROCYANATI ON OF UNSATURATED COMPOUNDS The present
invention relates to a process for the hydrocyanation of unsaturated
conpounds to unsaturated 5 nmononitrile conmpounds or to dinitrile compounds.
It relates nore particularly to a process for the manufacture of dinitriles
by doubl e hydrocyanation of diolefins, such as butadiene, conprising a
recovery andPégtéﬁﬁﬁﬁéﬁ'fHE(ﬁYﬁﬂBtYKNKﬁDGN S ShesA TURer iy df %y @b s on
reaction is used industrially for the synthesis of conpounds conprising
nitrile functional groups from conpounds conprising 15 unsaturations. Thus,
adi poni tril erhehi ghes&nan invgesiamt rfél%nfie@al tbnt &r rmdiscaées iffoyparhiecul ar in
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st ages of5bumadpaner@ﬂeobompZ@nHﬁdnac&Dbdnnammllbn@mmmasuﬁkscut, conprising
butadiene. In this manufacturing process, the two reactions are carried
out wth catalytic systens conprising _essentially the sane entities, nanely
an or ganoret akl i telabeFdi MarfonpebrbFekanhd atC | ehsPISIRE Tt gdvdphésshor us 25

ligand of nopgdenrtate @rganophesphiinest e, gsushcasydrddéphyde phespli te.
Nuner ous patents disclose this process for the panufacture of adi onltrlle

and processe§diPdeiins. Sﬁmﬁhﬁﬁ¥dﬁ%iﬁ@9?ﬁe¢rﬁPTEE%§&%$sa EGFPKEFHDPES for the
econom csp of skherpracessf ithd TatiadRtt atstletn . be able to recover the

catal ytic system and to recycle it in the hydrocyanati on stages. Thus,
Patent US 4 539 302 discloses a process for the 35 recovery of the catalyst
fromthe readheonhy@doupanabiannedkdatidre seconsedt agelust il Jor ocdess for

t he

the synthesis of compounds comprising nitrile
functional groups from compounds comprising
15 unsaturations. Thus, adiponitrile, which is an

important chemical intermediate, in particular in the
manufacture of hexamethylene diamine, a monomer for a
number of polymers, such as polyamide, is manufactured
by hydrocyanation in two stages of butadiene or of a

20 hydrocarbon cut, known as C4 cut, comprising butadiene.
In this manufacturing process, the two reactions are
carried out with catalytic systems comprising
essentially the same entities, namely an organometallic
coordination complex and at least one organophosphorus

25 ligand of monodentate organophosphite type, such as
tritolyl phosphite.

Numerous patents disclose this process for the

manufacture of adiponitrile and processes for the
30 manufacture of the catalysts.

Furthermore, for the economics of the process, it is

important to be able to recover the catalytic system

and to recycle it in the hydrocyanation stages.

Thus, Patent US 4 539 302 discloses a process for the
35 recovery of the catalyst from the reaction medium

obtained in the second stage of the process for the

preparation of adiponitrile, namely the hydrocyanation

of unsaturated nitriles to dinitriles.
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of adiponitrile, nanely the hydrocyanation of unsaturated
dinitriles. -2 This process for recovery by settling makes it
possible to limt the |osses of nmetal elenent and facilitates the control
of the organophosphorus ligand/ nmetal elenent ratio for the hydrocyanation

a high ligand/netal elenent ratio which makes possible
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Numerous other organophosphorus 1ligands have been

provided for the catalysis of these hydrocyanation

reactions.
Thus, bidentate ligands of organophosphite,
organophosphinite, organophosphonite and organo-

phosphine type have been disclosed in numerous patents,
such as, for example, Patents WO 99/06355, WO 99/06356,
WO 99/06357, WO 99/06358, WO 99/52632, WO 99/65506,
WO 99/62855, US 5 693 843, WO 96/1182, WO 96/22968,
US 5 981 772, WO 01/36429, WO 99/64155 or WO 02/13964.

Finally, provision has also been made, in patent
WO 03/11457, to use a mixture of mono- and bidentate

ligands for the catalysis of hydrocyanation reactions.

In the case of mixtures of ligands, it 1is also
important to be able to recover the catalyst without

losing ligands or metal element.

One of the aims of the present invention is to provide
a process for the manufacture of dinitriles by
hydrocyanation of unsaturated compounds using a
catalytic system comprising a mixture of monodentate
organophosphite ligands and of bidentate
organophosphorus ligands which makes possible

separation and recovery of the catalyst and of wvarious

. ) _ e catal yst w thout
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ntion is



35 hydrocyanation of unsaturated conpounds using a catalytic system
conprising a mxture of nonodentate organophosphite |igands and of

bi dentate organophosphorus |igands whi ch nakes possible separation and
recovery of the catalyst and of various - 3 products with mninmm]loss of
conpounds formng the catalytic system3 Fo this end, the invention provides
a process for the 5 manufacture of dinitriles by hydrocyanati on of
unsat ur at ed poagoeands wignpr irsimiguat Least ohe cormpyeingts Apdmdepgandliéon in

t he presencecgéagygggag%gggmsysten1 conprising an organonetal | ic conpl ex
formed by one or “nore organophosphorus |igands of nonodentate 10

or ganophosphite type and one or nore bidentate organophosphorus |igands and
optionally gT@rgmts_elrelrQ{,_ t_le&v; &nar@indibylp%naﬁﬁiéﬁa_ts | gaptroere sstmge @1;1e
separation stillation_.o .reactant used in the process or of _a
conpoundE#or%%ﬂu%?CFHEereagfiongf?bﬁ¥é?ﬁ§di3?¥15q36§5?$§?ﬂ§ tRB saPh

catal yti c syshearuchaedcempoethdsn cdnrati diey nedi leasubjoect eskdage t b€ st age
of separatio distillati. ri.se ati-o of n er |l es of
nonodent at e §%§¥%?§%% gfégofggnggggé%%g%ﬂgx{iégnég,C%géﬁggésedsg%t%ﬁosphorus
atons, with cespetsing tere Q0Janmbetrabiieetanpekesnemregdnbyoforiessrt han or

equal to  15,3pd/or &ggg&gﬁ&gg%l%%sby \A@iggﬁadgf mesal el goEnhenfQrging the

organonetal 1 c conpl ex”of Tess an or _equ to 1.3% and 1n_that the
di stil| &9 onobsererioseiperat UTEPDf ERe di 8Rf| | &4 on™F&ge P5IERE3C€han or

25 equal to d89&nophssbrbMisdistddddd | aRabeldramHanper at Wremdtser usder st ood
to mean the £gw Srgéféet$£etg%d“§¥‘f2ast one stage of separation by
distillation of a reactant used in the process or of a
compound formed by the reaction from a medium
15 comprising the said catalytic system, characterized in
that the medium subjected to the stage of separation by
distillation comprises a ratio of the number of moles
of monodentate and bidentate organophosphorus ligands,
expressed as phosphorus atoms, with respect to the
20 number of metal element atoms of less than or equal to
15 and/or a concentration by weight of metal element
forming the organometallic complex of 1less than or
equal to 1.3%, and in that the distillation bottom
temperature of the distillation stage 1is less than or

25 equal to 180°C.

The term “distillation bottom temperature” is

understood to mean the temperature of the medium

present in the boiler of the distillation plant and the
30 temperature of the walls of the boiler.

The distillation conditions and in particular the
maximum temperature of the walls of the boiler make it
possible to limit and even to eliminate the
35 precipitation of the metal element forming the
organometallic complex. This is because a higher
temperature can bring about decomplexing of the
catalyst, resulting in the precipitation of the metal

element, during the separation or distillation stage.



present in the boiler of the distillation plant and the 30 tenperature of
the walls of the boiler. The distillation conditions and in particular the
maxi num t enperature of the walls of the boiler make it possible to limt
and even to elimnate the 35 precipitation of the netal elenent form ng the
organonetal lic conplex. This is because 4@ Hhigher tenperature can bring
about deconplexing of the catalyst, resulting in the precipitation of the
nmetal elenment, during the separation or distillation stage. 4 The netal

el ement s eXh'rlPl'et Ik £ C@E@Jnééhtg B did o hydEgtyanat Ié&é@@cmoa are,
for exanple, nickel, caqbalt, iron, rutheni um rhodi um palladium osmum 5

iridium pl aWﬁlﬁﬁ’FYé‘&ﬁﬁéPn sﬁ?/%‘?tl%l d2*%i nc Fokad B tMAP bF/ cePiiGHELIN ckel is

the preferredogatal yt !L@oﬁ| eneat henfon, grlaaicﬁruncl arpaum,adlrm mebahiehenment
will be denoted term"nickel" in tﬁe conti tion_ of th%l pr esent

text, w thout'" tlf?llé%“na\ﬁ A4 EPREE heafifng St 10 i ofit ey GE°HEdE as
nonodent at e olrgarmpntmsthueke[Ll gandshahipck fereesiui dald by f 0 Ehemlementl on,

by way of ft enyl S thr yl S P) or
tricynmenyl ﬁosp eat% (f\;éao‘{l %’% Pﬂgbgglﬁ%ge 15 n%a(k%‘lltdenfﬁ? BF g:-le_\-%hl ch are
suitable for blyhéhen\t@itm omidfelsy gmo@h@smliltBﬂuamfgaméh@bsh@ﬂrﬂs@nt

or ganophosphicRide ¢ -aEAANeRNASBRAG COMARS.ARE L RArtI cul ar of those
W th the foIIovvl ng 20 structures, in which Ph reans phényl: OO0
Mention may be made, as monodentate organophosphite
ligands which are suitable for the invention, by way of
examples, of triphenyl phosphite, tritolyl phosphite
(TTP) or tricymenyl phosphite.
15
Mention may be made, as bidentate ligands which are
suitable for the invention, of organophosphite,
organophosphonite, organophosphinite or organophosphine
compounds and in particular of those with the following

20 structures, in which Ph means phenyl:
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OPPOOOPPh2 PPh2 - 5 Ph | O-P According to a preferred characteristic
of the 5 invention, the catalytic systempresent in the reaction nmedi um
generally conprises a nunber of noles of bidentate |igands, expressed as

t he nunber of phosphorus atons with respect to a netal elenent atom of
between 1 and 4 (limts included) whil-e5that of 10 nonodentate |igands,
expressed as the nunber of phosphorus atons, is between 4 and 12 (limts
included). These ratios can be different according to the 15 hydrocyanation

reaction carried out. This is because the manuf dinitriles is
generally carried out in tw successive stages [ a first
stage, in hydrocyanating a diolefin, such_as CN to give
unsaturated nononitriles and, in a seqondo20 stage, | hese
mononitriles to dinitriles by reacti Ath HCN/ e /process
general ly conpr|§FE gnﬁﬁage of isomeriz8tion @f—fhe urat ed
nmononitril es obt e pomthe first sta 1 themto

linear - 6 nonoh;trvles which will be CA

*@@5

According to a preferred <characteristic of the
5 1invention, the catalytic system present in the reaction
medium generally comprises a number of moles of
bidentate ligands, expressed as the number of
phosphorus atoms with respect to a metal element atom,

of between 1 and 4 (limits included), while that of

10 monodentate ligands, expressed as the number of
phosphorus atoms, is between 4 and 12 (limits
included) .

These ratios can be different according to the
15 hydrocyanation reaction carried out. This is because
the manufacture of dinitriles is generally carried out
in two successive stages consisting, in a first stage,
in hydrocyanating a diolefin, such as butadiene, with
HCN to give unsaturated mononitriles and, in a second
20 stage, 1in converting these mononitriles to dinitriles
by reaction with  HCN. Furthermore, the process
generally comprises a stage of isomerization of the
branched unsaturated mononitriles obtained from the

first stage 1n order to convert them to linear



dinitriles in the second stage. Thus, the ligand/nickel ratio used in the
first stage 5 is generally higher than that used in the second stage.
Li kewi se, the concentration of nickel can be different in the two stages.
Furthernore, in the reaction for the hydrocyanation of the unsaturated
nitriles or second stage, a pronoter or 6 10 cocatal yst is generally used.
Lewis acids are generally chosen as preferred pronmoters. Use may in
particul ar bacrgaétrbyeray Whiekanpiids, oPe tHeOLERFse@dci dP° meRtf6A&d in the
work edited BynldrG1As OhahheFieedals Gtabks and Rel ated Reactions”, volune
|, pages 191 to 197 (1963). The Lewi s acids which can be enpl oyed as
cocatalysts in the present process are advantageously chosen from 20
conmpounds of Thhe, el@drent sgdnd/mGrbaps rhbbiol [uged | ia, thd I biréVasthyk, Va,
Vb, Vb, SVI I l?i.san n\e/IrIalllgrf }{['raq[%erp.ecr}{a%dl a@%&ecﬁf 'ﬂhghgl S@éﬁké sygmﬁfie .
conmpounds™ ar € eneralTy salts, in particular aﬁldes, such ‘as chlorides or
bromi des, sulphatese,suhshoranesnt &t hah oaf kylisieghotin ege different
perhaloalkylgﬁlEggn@%%sstggesparticular f1 uor oal kyl sul phonat es or
per fl uoroal kyl - sul phonat esS, hal oacet at es, perhal oacet ates, carb- oxyl ates
and phosphat E§rtBerVEEEl o ey derRadE1CBs ftRENIGHA t hYgr eXuapresoBf °Such
Lewi s acids, tat zinRe teiHa@Edde: ] t& NG HPrewi fesorfd NEtad@di depronBgarese
chl oride, man anese brom de, cadmium chloride, cadm um brom de, iﬁannous
chl ori det? st §AfBGELYBFortiSd €8T LU pHE S s ahPBus T EaPErP&E8; ¥ ndi um 35
chl ori de, i ndhoeehr bl vaedeetley pulopbaeratse, i ndium trifl uoroacetate,
chlorides or bromdes of rare earth elenents, such as |anthanum cerium
praseodym um

Use may in particular be made, by way of examples, of

the Lewis acids mentioned in the work edited by
15 G.A. Olah “Friedel-Crafts and Related Reactions”,
volume I, pages 191 to 197 (1963).

The Lewis acids which can be employed as cocatalysts in
the present process are advantageously chosen from
20 compounds of the elements from Groups Ib, IIb, IIIla,
IIIb, 1IVa, 1IVb, Va, Vb, VIb, VIIb and VIII of the

Periodic Table of the Elements. These compounds are

generally salts, in particular halides, such as
chlorides or bromides, sulphates, sulphonates,
25 haloalkylsulphonates, perhaloalkylsulphonates, in

particular fluoroalkylsulphonates or perfluoroalkyl-
sulphonates, haloacetates, perhaloacetates, carb-

oxylates and phosphates.

300 Mention may be made, as nonlimiting examples of such
Lewis acids, of zinc chloride, =zinc Dbromide, =zinc
iodide, manganese chloride, manganese bromide, cadmium
chloride, cadmium bromide, stannous chloride, stannous
bromide, stannous sulphate, stannous tartrate, indium

35 chloride, indium trifluoromethylsulphonate, indium
trifluorocacetate, chlorides or bromides of rare earth
elements, such as lanthanum, cerium, praseodymium,
neodymium, samarium, europium, gadolinium, terbium,

dysprosium, hafnium, erbium, thulium, ytterbium and



neodym um samarium europium gadolinium terbium dysprosium hafnium
erbium thulium ytterbiumand - 7 lutetium cobalt chloride, ferrous
chloride or yttrium chloride. Use may al so be nade, as Lewis acid, of
conpounds such 5 as triphenyl borane or titaniumtetrai sopropoxide. It is,
of course, possible to enploy m xtures- of - several Lewi s acids. Preference
is very particularly given, anmong Lews 10 acids, to zinc chloride, zinc
bromi de, staﬁﬁ§@§iu@hlGﬂhﬁ&ts@%ﬁ%ﬁh@ebréﬁfH@PstMH&%?%QQKﬁ§n§FtFﬁHWum
trifluoronethyhswlipbonate, indiumtrifluoroacetate and zinc

chl oride/ stannous chloride m xtures. The Lewi s acid cocatal yst enpl oyed
generally represents 15 from0.005 to 50 nol per nole of nickel. In each of
t hese st agesyUsthaareacidorbearedada) obtaileed s afdiet, tde bdydpouydaasuch

reaction is vant. 0 bj ec epar.ati. i.stillation of the
20 unreac ed%%e359§%§P§§%é§ﬁ§%bﬁFé ﬁgﬁé98§1?%§§%ﬁ%% %é§%§}d%ﬁtrile, in
order to be recycled. According to invention, these separation stages are

carried out_@@iIgsgbngyi@gugsghstkgggghgg bebt om29olempekal g aggor ding
to the conditions of i gand/ ni ckel ratio and ni ckel Concentration indicated
above in or déEVEE2AVEPH 6 ACLASt deconpl exing of the nickel and its

preCipitatiQ@re@@réﬁ@@rdﬁﬁg_b@rgreb@&t@@u@ﬁ@ﬂ§CL%ﬁb§hLCSaQEnbheLewﬂ%entiOD,
the total |igan /nchgl rati o, eﬁg{esgfd as_.nu 3%1ofkghosphgrus atoms with
respect t® tHREfGnbertC of ?nitkel “atOME i s BrEfer abiY 1ESs t KA GP"Equal to
15, advant agealskydeet wegrarbhcared Iyoriide concenphahydborane, indium

trifluoromethylsulphonate, indium trifluorocacetate and

zinc chloride/stannous chloride mixtures.

The Lewis acid cocatalyst employed generally represents

15 from 0.005 to 50 mol per mole of nickel.

In each of these stages, the reaction medium obtained
after the hydrocyanation reaction 1is advantageously
subjected to separation by distillation of the
20 unreacted reactant, namely butadiene or the unsaturated

nitrile, in order to be recycled.

According to invention, these separation stages are
carried out while observing a distillation bottom
25 temperature according to the conditions of
ligand/nickel ratio and nickel concentration indicated
above in order to avoid or limit decomplexing of the

nickel and its precipitation.

30 According to preferred characteristics of the
invention, the total ligand/nickel ratio, expressed as
number of phosphorus atoms with respect to the number
of nickel atoms, is preferably less than or equal to
15, advantageously between 5 and 15, the concentration

35 by weight of nickel advantageously being between 0.1%
and 2%, preferably between 0.1% and 1.2% (limits

included) .



35 by wei ght of nickel advantageously being between 0.1% and 2% preferably

between 0.1% and 1.2% (limts included). - 8 The term"total ligand"” is
understood to nean all the nolecules of nonodentate and bi dentate |igands.
In the present text, the expression "ligand/nickel" also relates to the

ratio of all the nolecules of nono- and & -bidentate |ligands with respect to
t he nunber of nickel atoms, unless expressly indicated otherw se. Thus, in

the case of The s&¥ar atiombf lbaead! edd omdrsiRad oFeumesm dyl dF5Eill ation
of the react i)gnepBALYMED Fosshding d r onat beabhestehudrpgyanati@ncatage, the

maxi mum t enperature of the distillation bottonms is |ess . than or ual to
180C for a rBEFESBEF ndied of CBFdeRTREESFILGEN, W@M%@pho@ﬁ%&us
atons, to theelaugberoofthd cketiatofisadl bhabtweendebdrt 4 f | hombds 4hd

i ncl uded)_ and.t.hat _of the odent.ate_| i gand. of t 4 apd_12 imts
i ncl uded)5. I 51388%??8&l&@élorsdiwnlg%% or%Sp%?tef té?retg‘%c\rll\rlglﬁr%: rer(?gt fl(l:C]é%Ht he

i nvention, theomeonceherat eaprbyswei ghtiichtridckéheryigeeat er than or equal
to 0.1% advantageously greater than 0.2% 20 Likew se, in the stage of
separation of the unsaturated nitriles fromthe mediumresulting fromthe

second st agéhbf. hydr ddiparfadd$onCbf thRe SGRsaPGEaNe®hikitadkene tae C4

distillationpbetboBukermer atyr edi st advani ageoifs! yhad5 deegs tdanmediagual to

140C for_ a ratio_of noles of identate |jgand, expressed as phosphorus

atoms, td t h&SSHUADBEP o%rﬁf“cké at oirs Sbf ’ngmsﬁ%gaha% R EFﬁcl uded)
and that of theinmonodengatathirgand afhdeiieeirl 1k and Hoftomst $si hekvded)

In addition,tgggorggngeggaﬁ to 180°C for a ratio of moles of
bidentate ligand, expressed as phosphorus atoms, to the
number of nickel atoms o©of between 1 and 4 (limits

15 1dincluded) and that of the monodentate ligand of between
4 and 12 (limits included). In addition, according to a
preferred characteristic of the invention, the
concentration by weight of nickel is greater than or
equal to 0.1%, advantageously greater than 0.2%.

20
Likewise, 1in the stage of separation of the unsaturated
nitriles from the medium vresulting from the second
stage o©f hydrocyanation of the unsaturated nitriles,
the distillation bottom temperature is advantageously

25 less than or equal to 140°C for a ratio of moles of
bidentate ligand, expressed as phosphorus atoms, to the
number of nickel atoms of between 1 and 4 (limits
included) and that of the monodendate ligand of between
4 and 7 (limits included). In addition, according to a

30 preferred characteristic of the invention, the
concentration by weight of nickel is greater than or

equal to 0.2%.

Furthermore, in one embodiment, the process of the
35 invention can comprise a stage of extraction of the
organometallic complex and of the organophosphorus
ligands from the medium comprising the nitriles and in
particular the dinitriles by liquid/liquid extraction

using an extraction solvent. Mention may be made, as



30 preferred characteristic of the invention, the concentration by weight
of nickel is greater than or equal to 0.2% Furthernore, in one enbodi nent,
the process of the 35 invention can conprise a stage of extraction of the
organonetal lic conpl ex and of the organophosphorus |igands fromthe nmedi um
conprising the nitriles and in particul?r-the dinitriles by liquid/liquid
extraction wusing an extraction solvent. Mention nmay be nade, as - 9
sui t abl e ext PRéERBASS ¥ ERCt BN wep loferéxanplesvanf Clsatdeabe@s | i Aéar or
cyclic, aliphati,eabydrocarhons, osuyAs dexanephheptangydeetanbons,
cycl ohexane, cycl opentane, cycl oheptane and nDrg%genera Ig 5 cxcloparaffins
or anal ogues.suégcl oRExandS*é e pIREed ex?Ta¥iTon soYTERPE=<FHE sol uti on
of |igands angcobpenganenet al tyclcloaptaxe in driie extwaet i ongsakveniyi s al so
subjected to 10 -distilklation ip order separ t he extract.ion | vent
and to rg%ycF¥C%§83FF5£%§S an%rthéﬂu%kégﬁ%%btaﬁéﬁglggap éi tﬁﬁ% rgggvered.
I n the preseprefenvedt eshracheocaxspavendn solvent is a reactant used for
the inplenentation of the process. 15 This separation is also carried out
whi | e observing the characteristics of the invention indicated above, such
as |igand/ ni R8I SO oREedtiFaIdsn B nPEkAr Pt 19 afPBRIBSt t om
tenperature. 130 AGROr déRgriét acpr eferrestenbosi mantoof diejddveenties, this
separation of .the ichohexane is carried out with a istillgtiog.botton1

% the ex ion

Conper atilt e 0f SFeLERaR orTbquafder o *sepdrate rac

solvent and to recycile the ligands and the
organometallic complex thus recovered. In the present
invention, the extraction solvent 1s a reactant used

for the implementation of the process.

15
This separation is also carried out while observing the
characteristics of the invention indicated above, such
as ligand/nickel ratio, concentration of nickel and
distillation bottom temperature.

20

According to a preferred embodiment of the invention,
this separation of the cyclohexane is carried out with
a distillation bottom temperature of less than or equal
to 180°C for a concentration by weight of nickel of
25 greater than or equal to 0.7%. In addition, according
to a preferred characteristic of the invention, the
ratio of moles of bidentate 1ligand, expressed as
phosphorus atoms, to the number of nickel atoms is
between 1 and 4 (limits included) and that of the

30 monodentate ligand is greater than or equal to 8.

According to the invention, in the stages of separation
by distillation starting from a medium comprising the
catalytic system, the maximum temperature of the
35 distillation bottoms is determined and is a function of
the ligand/nickel ratio and of the concentration of
nickel in the medium. Thus, this temperature increases
as the ligand/nickel ratio increases and/or as the

concentration of nickel increases.



to 180C for a concentration by weight of nickel of 25 greater than or equal
to 0.7% In addition, according to a preferred characteristic of the
invention, the ratio of noles of bidentate |igand, expressed as phosphorus
atons, to the nunber of nickel atons is between 1 and 4 (limts included)
and that of the 30 nonodentate |igand L8 greater than or equal to 8.
According to the invention, in the stages of separation by distillation
starting froma nmediumconprising the catalytic system the maxi num

temperature of th@r3Fedireld ldntidamdIat tam s defeitised and psoaekynction
of the ligand/nickel ratio and of the concenp%ailon of . njckel

th
medi um Thus COFRF LS BB Berritgie dincEaet 1015 The S gafuFhY ChEl SYSEEB

i ncreases andhar as thee canaentiatsoncatrmedkebutnciteases. stag@® bh a

preferred empadi nent of .t he_jnvention, e .praces ri-ses .age of
separatig% o?egkgﬁgét§f§(?ct¥§sfgﬁygana%§f]ﬁﬁ%ﬁﬁiﬁP?ggggst@%?rﬁggggﬁt in a
stage of 5 séetling imhost wseddnseamandtdasht ighasesthahe wkdi umedied to this

settling staggch$nglt A dhec ABdiwao @by DEsh- A A £F i 4R s886@NGhr the
hydrocyanation stage or the distillation bottons obtained’in the stage of

separation ofifRéliAEeast ed*ahsanar at@Rt Hined | est? 10 H¥us, SERES owef or

dense phase cephihtesnn®st tBk Lheecabiekelinanduebckhenbicdantate |igand and a
portion of the nonodentate |igand, the upper or |ight phase being conposed
of the dithitriles and the remai ning portion of 15 the nickel and of the
nono- and bi denbat eld ghodsr THre dedsemphedet acdher se44 | mogtstageths

advantageously .gooled t¢ eSS of; PEIVESH 20 308 13F of the
monodentate ligand, the upper or 1light phase being
composed of the dinitriles and the remaining portion of

15 the nickel and of the mono- and bidentate ligands.

The medium fed to the settling stage 1is advantageously
cooled to a temperature of between 25 and 75°C,
preferably between 30 and 55°C.

20
According to another characteristic of the process of
the invention, the upper phase recovered in the
settling stage comprises a ligand/nickel molar ratio
advantageously of greater than 8.

25
According to the invention, the total recovery of the
metal complex and of the ligands is carried out by
liquid/liquid extraction of these using an extraction
solvent which is immiscible with the dinitriles. This

30 operation corresponds to that described above, the

solvents being identical.

In this embodiment, it is advantageous, prior to the
stage of distillation of the unreacted unsaturated
35 nitriles, to adjust and to control the concentration of
nickel in the medium by addition of a portion of the

lower or dense phase recovered in the settling stage.



preferably between 30 and 55C. 20 According to another characteristic of the
process of the invention, the upper phase recovered in the settling stage
conprises a |igand/nickel nolar ratio advantageously of greater than 8. 25
According to the invention, the total recovery of the netal conplex and of
the ligands is carried out by Iliquidfligurd extraction of these using an
extraction solvent which is immscible with the dinitriles. This 30

oper ati on cofhéspéfddereuskatt hdesaridsed miowvsr dtheridebensedbeénnghe

i dentical. |n,5bbs,gARedLAENRedltim, S @H¥ANt BEEOUS; -RENOr 150 {Beg stage of
distillation of the unreacted unsaturated 25 nitriles, to adjust and to
control the EBRB&REFAPROMISE i BkSFLFACEhe LHBAAUM DY S 2387 o 15 por ti on
of the | owether pdensesphdse heecionasrad dn tdwe 8 tvéhg Bd@gesuechlds, This is
because the concentration of .nickel used in the drocyapnatjon nedium when
t he nické? igoﬁseﬁxﬁ pﬁ@Oprgat% ﬁ\Mqﬁéégibfégan?% I?%ang8§% décordance
with the proceksldkat hef i meatttiion oedibe.veiy |owgesudi aopbthiforaexanpl e,
of the orderoghol00,L0i3A00080 BlicicBickelikgnel reaeti ghofding Lncorder to
obtain a concentration of nickel suitable for pronoting the 3settling, it
may be necessakyliBIaddta Y t BEN NEFSERRTYoft T af@fly fi C&Y/s2Ein RBOLRE
reaction mdbﬁ”_bﬁ%hﬁ?ﬁgpf Qe the dhedrecy@nall ane ¢t @feexThi fgadi-ust ment to
the concentration of nickel can be nade as_indicated above. The Eéocess of

the inverfti ohREhudYREIOEY 35S e SHQDver yPARd SEPASAISET of ¢ he

wWth a | 0oss ebncentration of nickel can be made as indicated above.

&t al yst

The process of the invention thus makes possible
recovery and separation of the catalyst with a loss of

15 metal element and thus of catalyst which is minimized.

The present invention preferably applies to the
hydrocyanation of butadiene and of linear or branched
unsaturated nitriles comprising from 3 to 8 carbon
20 atoms and more preferably of 3-pentenenitrile and/or
4-pentenenitrile for the production of adiponitrile
with use of a catalyst of the type represented by the
following formula:
Ni(Ly)x(L2)y
25 in which L; represents a monodentate ligand and L, a
bidentate ligand,
x and y represent decimal numbers ranging from 0 to 4,
the sum x @ 2y being equal to 3 or 4.
The catalyst can be composed of a mixture of complexes

30 corresponding to the above general formula.

The catalytic system or the reaction medium can also
comprise an amount of mono - and/or bidentate
organophosphorus ligand in the free form, that 1is to
35 say not bonded to the nickel. The catalytic systems of
the invention can be obtained by formation, in a first
stage, of an organometallic complex between the nickel

and monodentate ligand. Processes for the formation of



15 nmetal elenment and thus of catalyst which is mnimzed. The present
invention preferably applies to the hydrocyanation of butadi ene and of

| i near or branched wunsaturated nitriles conmprising from3 to 8 carbon 20
atons and nore preferably of 3-pentenenitrile and/or 4-pentenenitrile for
the production of adiponitrile wth usé2of a catal yst of the type
represented by the following formula: N (L1)x(L2)y_ 25 in which L1
represents aShHBhodemradiaxdd gahd, ad@rLexampidentaselpisgandin xPakanys

represent degigmal gpynhepssrangkng 4hamg@sto 4, the sum x O+ 2y belng equal
to 3 or 4. The catal yst. can be ¢ sed of a xtur of €9 | exes
correspondi ng™t 8 §ﬁ50590§§365heﬁgﬂyf é%ﬂ%fteT ??l% §€§t5915pethe
reaction nedmadﬁoancahpaisdngptheesaﬁdammgahombt&ﬂndc axthipdrexdi dent at e
organophquhorus ligand in the free form that is to 35 say not bonded to

t he nick The catalytic systens of the invention can be obtained by
formation, i#&ha fifbtst st @agel obeanndr ganoieecrdnat tonpl e dgstsweenrehe

ni ckel and aeogﬂﬁagégﬁshgg%%%l%rdo%eﬁfeér&eg f%ﬂ%ﬂp@ Qfse, 12, such
conpl exes are, for exa di sclosed in patents US 3 120 and US 4 416

825. In a seéénadéfta@@@get%@ Hidrenttat éepPlafd Pog tddded & otl'tl%ecaﬁéélb’ﬁh

conpri sing thecsakdear ganpiet YdiitG comy exehadt Therdddwdradd siecondhe

hydrocyanatl n st S ar advant ageousl arried out in s this
e YR haunnr 1Sabud ¢ BRYaRcPage L tpor RS ot Perb e RIAr It Pecover ed,

in particul acathayscecevereddd ihethe upper phase of the settling
stage, to be recycled and used as catalyst in the first

stage of hydrocyanation of butadiene and/or in the

stage of isomerization of branched unsaturated nitriles

15 to linear unsaturated nitriles. The use of an identical

or similar catalytic system for the hydrocyanation of

butadiene and that of pentenenitriles is preferred.

However, 1t 1is also possible to wuse the catalytic
20 system described above solely in the stage of
hydrocyanation of unsaturated nitriles, the catalytic
system used in the first stage of hydrocyanation of
butadiene and the isomerization stage being different,
in the nature of the compounds.
25
Other details and advantages of the invention will
become more clearly apparent in the 1light of the

examples given below solely by way of illustration.

30 Abbreviations used in the examples:

PN: pentenenitriles
DN: dinitriles {(mixture of dinitriles AdN, MGN and ESN,
predominantly comprising AdN)
AdN: adiponitrile
35 MGN: methylglutaronitrile
ESN: ethylsuccinonitrile

Ligands:



10 liquid/liquid extraction, and nore particularly the catalyst recovered
in the upper phase of the settling stage, to be recycled and used as
catalyst in the first stage of hydrocyanati on of butadi ene and/or in the
stage of isonerization of branched unsaturated nitriles 15 to |inear
unsaturated nitriles. The use of an idehBical or sinmilar catalytic system
for the hydrocyanati on_ of butadiene and that of pentenenitriles is
preferred. However (f\r ssible to use the catalytic 20 system
descri bed above sgleI th lgp ge of hydrocyanation of unsaturated
nitriles, the cataly system usgd in the first stage of drocyanati on of
but adi ene and t he |son©r|zat|o ge being different, int nature of the
conmpounds. 25 er deﬂalls anﬁ advantages of the inventio |1 becone
nore clearly appare |n(;hQﬂliﬁn off/ the exanples given bglow sol ely by
way of illustration. breviati g used in the exanples:/~ PN

pent eneni triles)DN\ dj ' xturfe of dinitriles AQ%LPNEN ESN,

predom nantly co adi ponitrile 35 neth@ ronitrile
- 13 O NOLig pd TTP Exa e 1:
r

ESN: et hyl succi noni trj
i St i : les (PN) 5 A mxtu th the follow ng
conposition is prepared under an inert atnosphere (the percentages are

Ligand A TTP

Example 1: Distillation of the pentenenitriles (PN)

5 A mixture with the following composition is prepared
under an inert atmosphere (the percentages are

expressed by weight; the ratios are molar ratios):

Ni = 1.2%
10 TTP/Ni = 5
Ligand A/Ni = 1

P/Ni1 = 7
DN = 38.5%
PN = 5%
15
This mixture is introduced into a tube, which is sealed
and heated at a certain temperature (see Table) for
2 h, then the loss of complexed nickel is determined by
chromatographic analysis:
20
Temperature Loss of Ni
130°C 0%
150¢°C 25%

Example 2: Stage of distillation of the solution

obtained after liquid/liquid extraction

25 A mixture with the following composition is prepared
under an inert atmosphere (the percentages are

expressed by weight; the ratios are molar ratios):



expressed by weight; the ratios are nolar ratios): NN = 1.2% 10 TTP/Ni =5
Ligand AN = 1 PINN =7 DN = 38.5% PN = 5%15 20 This mxture is
introduced into a tube, which is sealed and heated at a certain tenperature
(see Table) for 2 h, then the | oss of conplexed nickel is determ ned by
chromat ogr aphi ¢ anal ysis: Tenperatureto$4 of Ni 130C0% 150C2596 Exanple 2:
Stage of distillation of the solution obtained after liquid/liquid
extraction 25 A mxture with the follow ng conposition is prepared under an
inert atnospkere (tbhe percentages are expressed by weight; the ratios are
mol ar ration’?f 14 N =1.0% TTP/Ni = 12 Ligand AN =15 P/N = 13 PN
= 11% Thi s ;%Né rslgntroduced into a tube, which is sealed and heated at
a certain tenpgaatiurgNiseelTable) for 10 2 h, and the | oss of conpl exed

ni ckel i S de{_:J%rin' Qe%by chr omat ogr aphi c anal ysi s: TenperaturelLoss of N

PN = 11

o

This mixture is introduced into a tube, which is sealed
and heated at a certain temperature (see Table) for
10 2 h, and the loss of complexed nickel is determined by

chromatographic analysis:

Temperature Loss of Ni
170°¢C 0%

190°C 45%




170C0% 190C45% - 15 CLAIMS 1. Process for the hydrocyanation of unsaturated
conpounds conprising at | east one stage of 5 hydrocyanation in the presence
of a catalytic system conprising an organonetallic conplex fornmed by one or
nore or ganophosphorus |igands of nonodentate organophosphite type and one
or nore bidentate organophosphorus |irgahds and optionally a pronoter of 10
Lews acid type and at | east one stage of separation by distillation of a
reactant used in the process or of a Cedfdund forned by the reaction froma
medi um conprising the said catalytic system characterized in that the

di bj ect ed th t f i by 15 distill ati i
F2ti 0 of thelnumbEFOGFoRol 68T of B GANGHSHHAT | gahds. "ERpPeesad as
phosphorus atopsundst h reespeacts itng t heaunbeeast netcale el estemge at ofis of
| ess tha orgggggggggag§o ndhprgﬁglg%%ﬁgﬁégtbgn(Qyégyéﬁgﬁﬁgogﬁggé?elenent

form ng the nonetallic c fTess than or eq and in
t hat the di SEPMPALEOAIbET 0RTTeRPEE bR Lt &Cofcommpe exdi EP¥N¢dt Pon Ft@ageris | ess

than or equahot@ 180G g2nophRegRsraccordingah@scl ai g¥l, chanagbgathzed in 25
t hat the nonodent ate Ilgand is a conpound chosen fromthe group consisting
t‘L

of triphenyl OpHBBBRIPEPDEFF ol YYPE ph@dishi t @M8nd 2% i cYR&ifyl PhESBRAES. 3.
Process accopdyBfiopBosbabiEsl Oigahd£hanactedizeth1130 an giwdoddie bedentate

Or ganophosPIELLS .l LaBnG L choarn drom e, gl oup, conct oL 08l on y
distillation of a reactant used in the process or of a
compound formed by the reaction from a medium
comprising the said catalytic system, characterized in
that the medium subjected to the stage of separation by

15 distillation comprises a ratio of the number of moles
of organophosphorus ligands, expressed as phosphorus
atoms, with respect to the number of metal element
atoms of less than or equal to 15 and/or a
concentration by weight of metal element forming the

20 organometallic complex of less than or equal to 1.3%
and 1in that the distillation bottom temperature of the

distillation stage is less than or equal to 180°C.

2. Process according to claim 1, characterized in

25 that the monodentate ligand is a compound chosen from
the group consisting of triphenyl phosphite, tritolyl
phosphite and tricymenyl phosphite.

3. Process according to claims 1 or 2, characterized

30 in that the bidentate organophosphorus ligand is chosen

from the group consisting of organophosphites,
organophosphonites, organophosphinites and
organophosphines.

35 4. Process according to Claim 3, characterized in

that the bidentate organophosphorus ligand is chosen
from the group consisting of the compounds with the

following structures, in which Ph means phenyl:



or ganophosphi nes. 35 4. Process according to Claim3, characterized in that
t he bi dentate organophosphorus ligand is chosen fromthe group consisting
of the compounds with the followi ng structures, in which Ph nmeans phenyl:
16 00 Op\ p-OOOPPh2 PPh2 - 17 5. Process according to one of the
preceding clains, characterized in thatéthe pronoter is chosen fromthe

group consi sting of conpounds of the elenments from Goups Ib, Ilb, Illa,
[1lb, IVa, I1Vb, Va, Vb, VIb, VIIb 5 and VIII of the i Tabl e of the
El ements. chosen int roup nprising halides, sul phat sul phonat es,
hanaIkyIsquhonaLesﬂié;?hal sul phonat es, hal dacet at/es,

~ phosphat es, arylboraﬁbs 1

per hal oacet at es qarb xylate
f | uor oal kyl sul phonat esoand perg| udroal kyl sul p onadese 6. Precess accor di ng
to Caimb5, ch cterljed in /that e Lewi s Ati(d is ohosen fro/ «e group
consisting of zinc @hiforj dey-Fzi-oc bf oni de, 2i ng i ofide, PeAQga

chl ori de, nanga e br oni de, \ cadm hl ori de, “cad de, stannous
chloride, stanndus br sul phate, stapr ar{rate, indium
chloride, indium tri . et Nyl sul phonate, indiurmtrifluoroacetate,
chlorides or bromdes of rare earth elenents, such as 20 | anthanum cerium
praseodym um neodym um samarium

z? g
O O PPh, PPh,
¢



europi um gadolinium terbium dysprosium hafnium erbium thulium
ytterbiumand lutetium cobalt chloride, ferrous chloride, yttrium
chloride, triphenylborane, titaniumtetrai sopropoxide and their 25
m xtures. 7. Process according to one of the preceding clains,
characterized in that the unsaturated- cbhpound is butadi ene and/or an
unsaturated nitrile conpound. 30 8. Process according to one of the
precedi ng clai ns, PrepagactecPFednpn tchaing hef uhbgt RS M re1ine a

linear or branghed:-&dipbatiie cHEOUNHe CRRkSRY fd 0Ahdseho B-arba at ons.
35 9. Process according to Caim?7, characteri%ed %n tgat t he upsat ur at ed
nitrile is adbemPefehTrFTE9. Ay AFPPHGSes§ TacEBldi AYETE6fe bFFhe

precedi ng cl@roBps Tharacberiized,i mItthat Ivke Svage wf, sépardath ponvhbyb
distilla Iopaﬁg %I%&agﬁfog g'%@%fo1?3”%5%%&h?ﬁ”%%é“%l%ﬁ%ﬁ%é! o£58n1a
hydr ocyanati on stagé in order to Separate e ‘unreacted unsa ur at ed
conpound. 11inProd¢éss acgoedbng teomgwe $ifng he preédddisng cl aihshates,

characterized,ignthatethe recoyesyrf1iheocatMytic systemisomihe
dinitriles formed conprises a stage of 10 settling the reaction nedi um

resul ting frowPRen2hgdr ocyanat 6RCGCeERt@Fsat ur at ePHTRF 1 PRCCBPEEDNal |y
after separatiepoRylststill ation ofphbepnueacted unsatiraliedrahés)le. 15

12. Process cordi 0 ?I im1l10 or 11, gg racée jzed i %h%t Ehe reaction
medi um ridsul §14GE 77 Ry L el PRYBF 665 Rt BAZ0 “arCanSELaPAPBENACERI | o
optionally
6. Process according to Claim 5, characterized 1in
that the Lewis acid is chosen from the group consisting
of zinc chloride, zinc bromide, zinc iodide, manganese
15 chloride, manganese bromide, cadmium chloride, cadmium
bromide, stannous chloride, stannous bromide, stannous
sulphate, stannous tartrate, indium chloride, indium
trifluoromethylsulphonate, indium trifluorocacetate,
chlorides or bromides of rare earth elements, such as

20 lanthanum, cerium, praseodymium, neodymium, samarium,

europium, gadolinium, terbium, dysprosium, hafnium,
erbium, thulium, ytterbium and lutetium, cobalt
chloride, ferrous chloride, yttrium chloride,

triphenylborane, titanium tetraisopropoxide and their

25 mixtures.

7. Process according to one of the preceding claims,
characterized in that the unsaturated compound is

butadiene and/or an unsaturated nitrile compound.

30
8. Process according to one of the preceding claims,
characterized in that the unsaturated nitrile i1is a
linear or branched aliphatic compound comprising from 3
to 8 carbon atoms.

35

9. Process according to Claim 7, characterized in

that the unsaturated nitrile is a pentenenitrile.



after separation of the said unreacted nononitrile, or the upper or |ight
phase recovered in the settling 20 stage is subjected to liquid/liquid
extraction in order to extract the organophosphorus |igands and the
organonetal lic conplex present in the said nedia. 13. Process according to
Claim12, characterized in 25 that thel&xtraction solvent is chosen from
the group consisting of hexane, heptane, octane, cycl ohexane, _cycl opentane
and cycl ohept@ne. quce$$oéé§§réé@§ranPQ%>@ﬁetbﬁ CrEaRdimw telazms, 30

characterizeghhpathatitbg separahben shage ks stoarge £ &lmﬁid)ﬂlatwn of the
extraction sglveﬁi fromthe solution qgbtained after gU|§{I| %é
extraction. 455CPtHreE adSordli RGPS Ghe TG ?ﬁ#‘fb P Bgorum
characterizeﬂe$nlth@g afﬁomtlan fdtbeysanrtdidbowest phaseins oedyel edoin the
reaction nedlunéreé |g £ %hg Qg?{ggg@ggtéggpoggéore t he stage of
distillation"of the" Uhsallrated ni Firres: )

11. Process according to one of the preceding claims,

characterized in that the recovery of the catalytic

system from the dinitriles formed comprises a stage of

10 settling the reaction medium resulting from the
hydrocyanation of an unsaturated nitrile, optionally
after separation by distillation of the unreacted

unsaturated nitrile.

15 12. Process according to Claim 10 or 11, characterized
in that the reaction medium resulting from the
hydrocyanation of an unsaturated nitrile, optionally
after separation of the said unreacted mononitrile, or
the wupper or 1light phase recovered in the settling

20 stage is subjected to ligquid/liquid extraction in order
to extract the organophosphorus 1ligands and the

organometallic complex present in the said media.

13. Process according to Claim 12, characterized in
25 that the extraction solvent is chosen from the group
consisting of hexane, heptane, octane, cyclohexane,

cyclopentane and cycloheptane.

14. Process according to one of Claims 10 to 12,
30 characterized in that the separation stage is a stage
of distillation of the extraction solvent from the

solution obtained after liquid/ligquid extraction.

15. Process according to one of Claims 10 to 14,
35 characterized in that a portion of the said lower phase
i1s recycled in the reaction medium resulting from the
hydrocyanation, before the stage of distillation of the

unsaturated nitriles.



