WD 2004/ 101498 *159159* PCT/ FR2004/ 001110 METHOD FOR

THE - HYDROCYANATI ON OF WM@M OUNDS The

‘present invention rel at ss for the

hy #00 2P8441i03498f unsat ur at edaisenpounds t ECOAFRRO004/O01110
5 nononitrile conpounds or to dinitrile conmpounds. It

rel pkesoMPEFeRPEHE AYDROCY ANATE ORF ©Fe N ShAURAED cCOMPOUNDS
manuf acture of dinitriles by double hydrocyanation of

di ol efins, such as butadi ene, conprising a recovery
and‘helopﬁé@éh&tim@rﬁtim claélada@et gyst @Mpdd€ess for the

g{oc anation re%ﬁélon [ d |ndustrq§I y for the
VREECY 5P LR oUn B EBRBF FEFRg TRTHIINES 1 tmctRsRafrated
Sgrm@msnhmmnﬂeomwmmm@mdsomprMm1@}nminniﬁﬂdumgdunds.

Thus, adiponitrile, which is an inportant chemnica

intermediate, in particular in the manufacture of
he%éne@:ﬁgnaéﬁé dinarenepatit konbdaLtYf okoa a nitssressf for the

POLIRItRC e 88 BEhyaFides I@%@%@@ W@ro@yanatlon of
hydrocyanatlon In two stages of butadi ene or a 20

hy GHELEEHES ¢ RUCTK AP W EeRey | COBRpEFERdiga Prelovery and

10 butsaghzeae ionl Bt ihe raaaeitIsyRa 4i.0cess, the two
reactions are carried out with catalytic systens

conprising essentially the sane entities, nanely an
or garonkyakbcgangododi netd i @onpilsexusad eﬂnduﬁﬁﬂiaﬂmy for

or ggpoph 5 Iigand, ent o
orqghophqinﬂg%%éfipe é%uch éépg?gggolyegﬁﬁgéﬁﬁnge. nl?r%le
%%ﬁ nt s PR Dvse tﬁi@mproc@QQPPQﬂdﬁhe comprising

15 ”a'&lrﬁfs%%tulﬂa% l@fnsadl pqwutsrl | e ;angoprieceszes fohithe 3@  an
manuf acture o ysts. urthernnre

the
ec HBREES NS ?W@Fb?%@e%@teFPepéateﬁpO%@aﬁPrFéCHéaébl%n the
t onaeuPett urke €At akybmetdyst@®m 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

AR
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of unsaturated nitriles to dinitriles.
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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 reaction nmedi um

obtained in the second stage- & +he process for the
preEaratlon of adiponitrile, nanely the hydrocyanation
of ThASaPUPSEEE AT iNesves Wit t591king mako90zt Phssible

pregessi il £REOVIRIIL Y é%t tnlétﬂﬂ nekeseht RERSI ?gell}geates
limt the | osses of netal elenent and facilitates

cohffol FANRIRL or §&nopHRR phorge NPT et  éleapfimetal

rathlemkat tf@tbderQNaﬁﬁkiO%y@&o%@%%thﬁ%ﬁdoﬁ unsaturated
nltrlleiesThus is also possible to é cover a

cabatyt sysFEHantﬁta hPghalPganBPRELAL el Efenfecover  a

rath@alyhiichsyskesm pdssi b eumﬂcyrigamﬁémékaBUéEeménthEatlo

cat I i C_system sta he nufacture 0

cafgﬁyét aaﬁf% éé%ﬁékﬁ_ agggg%%9% éroc&?natlon of ﬂ%

butateémeior st amsohlr that isrpasfs bfancitég manufacture of

PeBLEASOLLI | g/ oPUMEX Ol ot @%aggga%%phﬁ§egeeg§natlon
gan s have been provided for the catalysis t hese

hy E6e¢aRBEI on ©15 réHH%|onésoﬂﬂE%ZQﬁ%QMtat@fl|gah§§n0hed

of pehganephespkke, organophosphinite,

or ganophosphoni te and organo- phosphine type have been

di scl osed in nunerous patents, 20 such as, for

exsopkepoubat endtse WO 98¢ Bcsﬁﬁbﬁﬁé0635@andw0 have been

00633242 s B 6038 4o TRy U5 103" Wi Snr2oBeg: ot ion

08tedz2iome.01/ 36429, WO 99/ 64155 or WD 02/ 13964. 25
Finally, provision has al so been nade, in patent
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,
UsS 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 is 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 various
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WO 03/ 11457, to use a m xture of nono- and bidentate
i gands for the catal ysis of hydrocyanation reactions.

'I'n the case of mxtures of ligands, it is also 30

important to be able to, recovier-the catal yst w thout
losing ligands or netal elenent. One of the ains of
t herpaesént Vhventighninwn t dossovolie cemprwrdss foomitnge the

nmaputactuie Qf sdiehi.triles by 35 hydrocyanation of
unsat urated conpounds using a catalytic system

conprising a mxture of nonodentate organophosphite
Ilgranct&uamdem bltﬁ@ntﬁiv%ntqrcgﬁrpp@@ﬁcﬂ)@§r HS Jric@@ds for the

whi ch possi hl e i on d recovery of the
ey e CERaBor Ghr t ofeTBEbadERe when niNPROEYRBSS IR of
coupeamd$atedmdumgduhdsxﬁ@mgﬁislﬁgshenueﬁaﬂtbﬁeEﬁmhge of
th nt.i oV pr o ess for

% F882%8&1#§n||es By éia?|§ﬁ§ﬁlytlc system
ungamm:atsedgcoarpognqsnemﬁ'palémg Cmmnl&astf@nee@t hge afe or
hyﬁeeeyanabkeanbahbe B&ﬁéencelggﬁﬁdeata' EC s¥shBEntate

r|S|n% an organo [ic co ex for by one
nDPégéPQE 8§ﬁ6§§ﬁoru§YP?gaﬁﬂ§iofoﬁﬁnod%htaﬂ@rfo bldentate

or 6@@@&69&@%bh@rh)épelﬁj‘tﬁmd3§leaﬁ6 rw&cmadplry ake promoter of
angQ hosp or.us ll%ﬁ? ggg 0 tlonall ronot er of

Le gt cia&lgyﬁé(%n@ % 1% a@% %? epSfREFaRion by

bydiditsflilblkabnomfofa are®aicdant uss@dihn thike gHaRess & of a

ofcnggggHour¥%;£g@®d ?§|y€§ re§pt|qn fronka nedlun11%dlum

the said ca i C systen1 Charactérifed T
thgpmpmsn@@u (hssubp edt edtadythe styaferof cepmacténized in

by ¢ hieSthlel #dQfint QI8 A Aatd @ ofc I he ﬁn9§%a9£tlon by
mol es of nonodent at e and bi dent at e or gano or us

| i §afddllaéipPe SMPHESBhod phditde a%fonﬁhevmnflﬁ‘bleésﬁé‘cctmOles
t oothenonodentate and bidentate 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 organometallic complex of 1less than or
equal to 2%, preferably of less than 1.3%, and in that
the distillation bottom temperature of the distillation
stage is less than or 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
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
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.



20 nunber of netal elenment atons of |ess than or equal
to 15 and/or a concentration by weight of netal

‘el enent formng the organonetal lic conplex of |ess
than or equal to 2% preferabdy-of |ess than 1.3%
and in that the distillation bottomtenperature of
the distillation 25 stage is less than or equal to

18@4e Txﬁ@téﬁraeﬂbﬁtbl latH 1993 thotd om %gfﬁe@w& r&fickt in a

understood to nean the tenperature o i um
pr SYEFEGYR N Boi I%@a%'?l‘?rhe arsei | Ifa5 onSpr@Epte andnickel,

t heob3Q tt,empesbat ur eueheh hemyal mod)furﬁhe 22ailRfiumlhe osmium,
dlstll .ation conditions and in rticular, the ., maxinmu

>t entp e Rt HEal FQPB?rthél Jiter j inc, cadmium
poss bteriwm! i Nitkadd ievethé o paldfirmaide ¢tdeaBptic element.
pregi |tat| 0 t el enent for ]
or S@ﬁg éitl‘:“lr}c {::%%r% % %he mestagecealuese a hlbﬁl be denoted
teﬂqyertértatheemﬁ‘rblrcrlr@l’ébUmttld@comtelxuﬂ‘glgﬁ Dﬁethe present
Cat@l¥St @Mt it d NG PrLal it L Qne%fnltrﬁe met al
el ement’, during the separation or distillati st age.

10The netal el ements exhibiti ng a catalytic effect in a
hy@dre@w@hat WL rsactm@cme,ar &s f tloriRla@e Nbek8hophosphite

lid-: ron r.ut heni um odljji.Aﬁérf aI l adi um , O0sm um E

iri Spl"ﬁﬁcrﬂuﬁreco?:}b]efrab T | 32 aniPﬁkonca}aﬁl yay of
or ec@mlpumS Ni efel trSp]héaﬁypr egﬂew;ﬂdlm,t alttiite lgllenphbsphite
For gisat K . element will be denoted
by (theP%t e%rmt‘grﬁ% yl Ej?’to@ ?on i nuation of the

153present text, w t hout this having a |imting neaning.

10 MRLIN ARY B% MRE8e, S ORAURMERIE 0[9@9989"%&? are
I i gands whi ch are suitable for the invention,

y way
of SUdtafdices, I6F triphenyinyisite, i t gFgrnophosphite,
pPhesRfdinc®hosphonite, organophosphinite or organophosphine

compounds and in particular of those with the following

20 structures, in which Ph means phenyl:



(TTP) or tricynenyl phosphite. 15 Mention nmay be nade,
as bidentate |igands which are suitable for the
‘invention, of organophosphite, organophosphonite,

or ganophosphi nite or organophoSphi ne conpounds and in
particular of thosé wth the followng 20 structures,
in which Ph neans phenyl: OO O-P.OOP--O00 Op
preferred characteristic of the

catal ytic system present in the a

| i gands, expressed as the nupber| of phﬁ%phor&i at ons
with reﬁpecg to a netal elene to f betweero 1l

p-O PPh2 PPh 2 Ph Ph\ O p\ p-O According to
s )
generally conprises a nunber es o' bi dent at 0
BMj ncl uded), while

and 12 (limts included
3 erent according to the 15
reaction-carried out. This is because/t he\ nanuf
of dinitriles is generally carried out in two

successive stages consisting, in a first stage, in
hydrocyanating a diolefin, such as butadiene, with

Spgy

According to a preferred characteristic of the

Act ur e

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

These ratios can be different according to the
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
stage, in 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 in order to convert them to linear



HCN to give unsaturated nononitriles and, in a second

20 stage, in converting these nononitriles to

‘dinitriles by reaction with HCN. Furthernore, the

process generally conprises- a6 stage of isonerization

of the branched unsaturated nononitriles obtained
froomphetriilest swhgehi nwirlder be corwmvertd@dm ttw linear

| i B8k 118 ZPARANIHET es JWhi gtgaﬁ%l_l be converted to

| i near initriles in the seco stage. Thus, the
i gand/ nickel ratio used in the first stage 5 is

genanal | yyHY ghegahBpnitRal weedo Nidde sRCOME SEAAS: stage
Li kew se, tgi cgg; ntration of nickel can be different
t-dgesd

5i nifh&enRga r Ot i4Seheld et i dBCPBE Stage.
t heirgdieeyanaid adopfent her isysabar atietteni tddd 6Se 0O8ifferent

second. st age, pronoter or 10 cocatalyst is
age 3,
gen8r &PFy tASe§ 2F&Ri's acids are generally chosen as

pr €hethedmprenotier sthelseeaayiobn (fart ithd atydwoapaieat byn of

) | ot , . . ;
P FIATRLSR Pl N LEW,S AELTR TOIONSY LPoABEer or
10 Reraragapyast ilengenengd|lyhmiged pdgrysi sl FACi@s 197e generally

(1863kenThe bewrer2eldp réhibelrsan be enpl oyed as
cocatalysts in the present process are advantageously

chosen from 20 conpounds of the elenents from G oups

I buskl lhayl 11, paktibulbhYabel indd/a, bybwayl f \dtdmpreks, of

VIl of _the PerL%pic Taqye oQithe El ement s. ghesg. d b

coﬁ%‘gun&fw&rse agener a1 S i partS cuf&F* hatfHegd oY
15 suGhRasOlehl orTHesedel bCoafdes, and ph&edsted Reactions”,

sul,phopat es, ?él Sﬁa'l@ﬁ' iyl ﬁ'é'7pg%%_t3 S

per hal oal Kyl onates, in particular
fl uor oal kyl sul phonates or perfl uoroal kyl -

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, IIIa,
ITTb, 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 fluorcalkylsulphonates or perfluorocalkyl-
sulphonates, haloacetates, perhaloacetates, carb-
oxylates and phosphates.

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

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

dysprosium, hafnium, erbium, thulium, ytterbium and
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sul phonat es, hal oacet ates, perhal oacetates, carb-
oxyl-ates and phosphates. 30 Mention nmay be nade, as

nonlimting exanples of such Lew s acids, of zinc

chloride, zinc bromde, zinc 7odide, nanganese

chl oride, manganese bromi de, cadmi um chloride,
cadhitemlbrom @Rbalst aphbesidel ofedeoust aiious debroni getrium
st apnews geul phate, stannous tartrate, indium 35

chloride, indiumtrifluoronethylsul phonate, indium
trifluoroacetate, chlorides or brom des of rare earth

el a@entmy UL ase | RAEBANUE) 1R&MisUMCc IR, ASeOAYHhPBinds such

neodyni u eur opi um. ga ni,um_terbi,um
egd UMy HATBLLUN, S ORLUML fedall i un Lertlum
lutetium cobalt chloride, ferrous chloride or yttrium

Chugr! 98, B2 MBuRLED PRI AS LML acld: nokiures of

conpoungé such as tri rane or
t eseakegopr bpwrtisdecipis.is, of course, possible to

e”@&%&e@bﬁb%r9550fve§?Veb§Et&%Wh§r§9'dﬁlvgﬁefeéﬁeﬁS | Bewis
very particularly given, anong Lewm s 10 acids

zi RE18BKor iR, ZitRE br%}ﬁ‘dre‘-d%rtanﬁéiﬁ ANRidRy, stannous

st @nneuws der, onsdenndusphaemdidane, t F sheMylborane, indium
oacetate and

trifl, th t ndiumtrifluag
i orore iy Sy LooRakey o nOL U L L uoneRcetate And g
acizd ncocatlalry sie /etrphoaped gﬁﬂ@mahbymnammesents 15 from

0. 99% E%ﬁ?%'ggl (%bég¥ §gt ed " ﬁgpa t988§esents
agferabhy

stages, the reaction ne I"um o
hyéﬁ@@y@n@@ﬁoﬁoré@cmpénpﬁ§ m@dénpég@9@§ﬁﬂ subj ect ed
to separation by distillation of the 20 unreacted

react ant, nanel but adi ene or the unsaturated
ni €7 (AN O br dBESEo T TRy cHRl. reaction medium obtained

after the hydrocyanation reaction is advantageously
subjected to separation by distillation of the
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
temperature according to the conditions of
ligand/nickel ratio and nickel concentration indicated
above 1in order to avoid or limit decomplexing of the

nickel and its precipitation.

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



According to invention, these separation stages are
carried out while observing a distillation bottom 25
tenperature according to the conditions of o
| i gand/ ni ckel ratio and ni ckel8coencentration indicated
above in order to_avoid or limt deconplexing of the

ni Akl feri T Eoprécilfigead onis 3ondecstdpAg tioo mean all the

pr aloariced eghas Bchehbathest 8f ahhe bﬂcfé‘fﬁ:rétﬂé)n}f 1dfad OB the
and/nlckel rati o, expressed as nunb

GP0s  at s wi Fﬂerefﬁ‘é)crtests&qrhe nthderd/picke kel also
at m,atles mreefeiabtytiessft Ban aheequdledPledSf mono- and

adat equsl.y. bet t he cqoncentrati on_35
y\éwgl gn% 2t Hi Cket> a‘&}/%ﬁt 58885§Fytﬁeltﬁ‘§ gt Of 194 ckel
anét2%s, pmeﬁl@rsasbleycphaame@n igdli%eared bt2ridiisa.t s

i ncluded). The term"total |igand" is understood to

nmnean all the nol ecul es of nobnodentate and bi dentate

| i Gangs. im the presemf tbRke, Sdpamtpgraesspbn butadiene by

"l igardhniaekeh” 6¥S@her§E§E€§OBOnk@ﬁdﬁ“fé%&ftfﬁé EPSn the
nol_ecul esi_tyc{ nono- and 5 bidentate |igands wt
t

10 edpé&ét IREXANMHCTbf ShRgRel thet G I esgmperature of
emeessh)sudea(tatoed eithemd sies RIS, thdn tHe €3881 o{o 180°C

eartlono adle hy Ilatlo of the
reactsrl %n Lf‘ne ’%e@uﬁ??nﬁ P&rﬂet'%@s(’fo Jeranrt expressed as
hy@h@@pan»a:ulsonasoage tdie tiexi nunbeenpef atrurekell  atthns of

di 0 t ua 0 C
I ?)%lglwlregﬂ gﬂo%rr%l & trsgént gﬁglﬁﬁeﬁﬂ 4‘ré%tl(pr é“a%ed oge J_Che
15 phé‘@ﬁﬁ@lﬁﬂ§a§?onsll€t@q heOﬁun‘@@rtheml ckel aadomslDf (limits

bet weenatdgand %k("&@&ﬁti@ﬁlUdggbo@ﬁ@nbhaﬁxpf éhep}éferred
and of between and 12°(1i

dentate |
PR B i g A bh S TR S0 Bhby GEIGasE ration by
chaeagherisf i miafkdlheisnvgrddosy tharcopeenddgedl oraddy0. 1%,

advantageously greater than 0.2%.

20
Likewise, in the stage of separation of the unsaturated
nitriles from the medium resulting from the second
stage of 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% by weight.

Furthermore, 1in 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



wei ght of nickel is greater than or equal to 0.1%

advant ageously greater than 0.2% 20 Likew se, in the
stage of separation of the unsaturated nitriles from

the mediumresulting fromthe $econd stage of
hydrocyanation of the unsaturated nitriles, the

di stiiltle®liconekbrashi-panpebvent | Pyadvant agbowsiami®es, of
| eggthhaR 3, eqyakato JA0GFOri @ T ahiioof il ﬁ?d?t)carbons,
bi dentate |igand, expressed as phosphorus atons, to

t hEUSRUNDES of %A at ORBPBRDet we@RtaNgnd 4Cprilphegane,

i ngdyedeshenanche, hat efclbaeperadendaigq! i gamkedf  generally
bet ween i@g%d 7 (linmts influded). In addition, .
5ac&&é¥%&f 750 pP&f er PRUTRAATACE erG XSG DfR e 1S the
i nparifiared ket raendent rsatlivemthy wei ght of nickel is
greater than or equal to 0.2% by wei ght. Furthernore,

in one enbodi nent, the process of the 35 invention
cafheonprlseien sbdgel icfareld racdi of ofrgdreometallic complex
organonplal | Lg.eompley andbdfedne eLoanaRoSPdered  to
l'i gands fromthe neélun1conpr|3|ng the nitrilesand in
10 partiisgdildatided diHit r PFE8rby tloi quitkhasafifi d eixer aekksaction

usisRd vamteXxt aaet | orcsol vertyc1MeENt k@@ MY iBEnABAE, 288  the
sui tabl e extracti on so| vent of exangles, 0]

by wa f
< aCiOROmE falasr CPTRYER | ERUS | BRORT X $yr oBartisPresent
sudnvasthiexgnethdeptanectactransplegnt ohexaae, reactant used

cycl opent an cycl tan r enerally 5
cydedndns A A B AT RERIERE TS Ve
15preferred extraction solvent. The solution of |igands

anerqfs Q (R e sl exrridyt e%ﬁiﬂgtbggerving the

solvent IS also subjected to 10 distillation 1n order
toqﬁg&%q%ggqgﬁgqﬁqqgcﬁhgn1nventlon 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 1ligand/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.
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solvent and to recycle the Iigands and the

organonetal lic conplex thus recovered. In the present

invention, the extraction solvent is a reactant used

for the inplenmentation of thelfrecess. 15 This

separation is also carried out while observing the

characteristics of the invention indicated above, such

aSﬂdgﬁﬂﬁyéﬁé%gadréﬁﬁ&ﬁiﬁéﬁ@egfr@%%ogpggnghgh?lt%gdprocess

distillation bottomtenperature. ccording’toa

pr EPEREFSEnFoditisit f IPRATAVEPR | @A, thehrstalytic system

Zem@falt logn tht haiw;&lﬂn%éap%alﬁif%@{ r Io%@lt g% Wit hstélge of
istillation, bottomtenperature of. |ess an or equa _

t o SE&GE G %PE%n%&%r%t?%% By et Yt oPPASERel TS 2Bedium

gr eaider ttcharthars equet ind). 79badd addli té@ﬂheﬂCC@hﬁl NBledium

to referred characteristic of .the invention, the
alPS N Sl B 5T Bl ertot ] | BERHCCRPY bLeRd SeUs or the
phogptidldstdtons, bbbtohe nuobeainédni ckel attens issage of
be%@g%Qa{i% do% Qb%ﬁh%%eb%%%%p%%Ed?ﬂ%éggg nft§4¥%s.30
nonodentate ligand is greater than or equal to 8.

According to the invention, in the stages of _

sepanat,i othe bYodleir: Idlﬂ ?&éﬁgesgﬁ{ats'e?%c&ﬁﬁ’ﬂﬁehgneﬁblé@ of the
conpri si.ng the _catalytjc system e nmaxi ,

t ePBEX u%@c{;fOft ﬁg‘eséglld#@éﬁ it R HOt 3R j BOrtion of the
detmenvidead azred LiganBiyncthen @pet heod i gar@ini pkalke being

rati of concentr.ati on o ni ckel in,the .
rre%ff)u%%g$ uéj,ft tr{%’les léln%errla W SThcHastmayipgeportion of

151 i gardhiickledl angt iod ither sases and/ bidestbite ligands.
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concentration of nickel increases. - 10 In a

preferred enbodi nent of the invention, the process
The medium fed to the settling stage is advantageously

cooled to a temperature of between 25 and 75°C,
preferably between 30 and 55°C.

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.

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
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
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.
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conprises a stage of separation of the catal ytic
system and of the dinitriles carried out in a stage

of 5 settling into two dense and |ight phases. The

medium fed to this settling dlage is either the
medi um obtained after the second hydrocyanation stag
or ThRé 1igi Heauss dhepctasipnomtEiatedf migkestagedoin the

sepgnaboanaktibhe hh@ﬁ@@ﬁlt edwﬁe%at vhat edipikbiil es. %Qed in
T | ower or dense g%ase conpri ses nost of the

us, . the
ni EQ@PlHﬁ&lSP e i deht d tPF@aﬁ&géﬁﬂi a”bo"i“f‘F%d%‘PCG with
theheﬁpmadeﬁbabi|ﬂﬂﬁﬂﬁhvddﬁidﬂunﬁadﬂbéI@ﬁ&yphaﬁﬁ such as,

b d f tril d i Qj

pofPron A8 nofni GEl SR (Fe mib- Shd 2008 mg of
bi dernkafldkhi gafidsceddisl oredimedifued t dnt herdett [tag ofbtain a
t | t .
beranssnsa badnydne ~pekelon Flibpheent o anasingo the
Ac@@t@ﬂﬁggvoLﬂmm%%rbeh@ﬁmﬁaaann|tooadﬂh@;ﬂemﬂﬁxnoamount

th%f' '&\é%ﬁtl Ac 1R RP&o RIAS & d £C0VSE erﬁeafurh N€xiting from
settl g@6U§1e conprises a ligand/nickel nolar ratio

adﬁﬁﬁta GyagratgrEat eftadan 8Th25 AcCongitAgnto tte the

i N¢eAtkalrathent efahickeoverny, Bk hde @Bt ahdgeapkax above.

and of the ligands is carried out by Iliquid/liquid

extraction of these using an extraction solvent which

isThﬁn19¢bbbe$Mtdfttuhaﬁrﬂnvéﬂuﬁnn11ﬁmu§o opkeat i possible

t Jgﬁg % sol.yent.s

Eéggggggtl J%ﬁ?t @ﬁgn??t%?§55 wa%.a.l?ss of

admagﬁégééa@enﬁraad &buﬁh@f §a§géy§t ghdchl Lat méniofized.

t he unreacted unsat urat ed

The present invention preferably applies to the
hydrocyanation of butadiene and of unsaturated nitriles
comprising from 3 to 8 carbon 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(L1) x(L2)y
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

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 is to
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
such complexes are, for example, disclosed in patents
US 3 903 120 and US 4 416 825.



35 nitriles, to adjust and to control the

concentration of nickel in the nmedium by addition of

‘a portion of the |ower or dense phase recovered in

the settling stage. - 11 Thi ¢4 s because the
concentration of nickel used in the hydrocyanation

mediturg s@eend hetagekethe¢ sbidedtane togbndatisonddechts the
bi dentsate dqucglﬂgbwrsd@meoﬂgatr{bmémpf@%ﬁx

the invention e very low, such as

exanpl e, of the order of 100 to 2000 ng of nickel/kg

of Mmeact ferskedi and | vediRy t RyabbaiAnation stages are

trat kel tabl.e f
ST SIG Y e NEERSAP) 68 AT R Corihi M MobAPS: ¢

of icatadydntagystentoén hhe leeadt ionpoediom eXi thagcatalyst
fromJq,.d ﬁhydﬁﬁcygé‘ﬁﬁfguféﬁge W;'S ?QEB% At 1O the
t he ~ concent’rati on ni cke can eaS|n|cat d

abdmequlﬂn/ellm@@bs@Wramelqmverﬂndonntdm pakgg cularly the
po%%tbéleystr efsaswré&d i5eRAHSALL ePf gh%%ecaa@' YRk I\gﬂettl&hng

a loss of 15 netal elenent and cat al {
1O|s%ﬁQHQﬂ:ﬁﬁjbﬂTﬁ??ﬂ%%%%tamﬁveﬁ?ﬁoﬁspFéFéﬂﬁ§ yiappheedirst

t o dthgye hydr oaya&at:lyena@&ohut adl eper 2de®é  WISBLIK atied the
nltw | es Zggr sing_ from3 B cg gon at ons ang nDEe'l

or YRR I§F 26P GPSSL Pk hefif ¢ PFFBCARG) gpoaturated nitriles
4 mankﬂnﬂanrmmsaﬁumatm® nprodles | obhef uadi ponietr illdentical

i bsEnelap CALANE Oloydligy | ¥BE A SRGRLSA Mt IS of

mnng

151 eprudtsshitenen apshddwh fife pengamenidd iz s i itamed e

i gand, X and y represent deci mal nunbers rangi ng from
Oto 4, the sumx 2y beln equal to 3 or 4. The

catha%este oan e één’pé 88 oPO%S %?ur‘éo ofusoniiiexesatalytic

system described above solely in the stage of
hydrocyanation of wunsaturated nitriles, the catalytic
20 system used in the first stage of hydrocyanation of
butadiene and the isomerization stage being different,
either in the nature of the compounds or in the ratio

between the various 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.

Abbreviations used in the examples:

30 PN: pentenenitriles
DN: dinitriles (mixture of dinitriles AdN, MGN and ESN,
predominantly comprising AdN)
AdN: adiponitrile
MGN: methylglutaronitrile
35 ESN: ethylsuccinonitrile
Ligands:
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nitr
stage of hydrocyanation of

corresponding to the above general fornula. 30 The
catal ytic systemor the reaction nmediumcan al so
‘conpri se an anmount of nono- and/or bidentate

or ganophosphorus ligand in thd3free form that is to
say not bond

d to the nickel. The catalytic systems of

35 the inve ph C e obtai ned by formation, in a
first y of a et al [ i c conpl ex between the
ni ckel fonodent™3 i gand. Processes for th

X
120 and US 4 416 7 -

to thg pri si ngy e said organonetal lic

conpl & sd hydr ocyanati on H.ages _’_
are carlfred out in serie n thbS{g;:>
case, QuUS for at |east a on of the 7/
catal yst r@& n particular that receQered in

the liquid/TTquid extraction, and nore particularly

the catalyst igmauered in the upper phase of t
settling 10 stage, to be recycled and used as catal yst
in the first stage of hydrocyanation of butadiene
and/or iin the stage of isonerization of branched
n&semPded IniiSitidd atien jofe dhe peptienendd riilies | (@30
The use of an identical or simlar catalytic system

15 .but adi ene anpd: t hat

f th d .anat j f

poft AT T 1SS UG, BB i iohcuRRBoPE 1ah doprepared

possidelre tanuseirtdre: cabampspbbersyst érhaespradmethtaly@mee are
I [ h f, d [ f t.ed

o et es e evs vl B RN el e

€s, cata m used I n

Ni = 1.2%
TTP/Ni = 5
Ligand A/Ni = 1
P/Ni = 7

DN = 38.5%

PN = 5%

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:

Temperature Loss of Ni
130°C 0%
150°C 25%

Example 2: Stage of distillation of the solution

obtained after liquid/liquid extraction

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

expressed by weight; the ratios are molar ratios):



but adi ene and the isonerization stage being different,
either in the nature of the conpounds or in the ratio
bet ween t he various conpounds. 25 Other details and
advant ages of the invention-wldl - becone nore clearly
apparent in the light of the exanples given bel ow
solely by way of illustration. Abbreviations used in
t hgiexanplpes: 30 PN pentenenitriles DN. dinitriles
(m xture of dinitriles AAN, MGN and ESN,
pr édéridarnt I conmprising AdN) AdN: adiponitrile MoN:
methyaglaumamani=t il e 35 ESN. et hyl succinonitrile

5Li %?R]ds:_ 1 13 OP, P--OF Ligand A TTP Exanple 1:
D &MY & ildh of the pentenenitriles (PN) 5 A mxture
wi PN =hé 1ol | owi ng conposition is prepared under an
i nert atnosphere (the percentages are expressed by
weight; the ratios are nolar ratios): N = 1.2% 10
TTRhNis mixkturiegairad W tNfoduded/Niter & tDde~ 8B1i8R0 i PNssaled

5%hd 2Reated 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 4

o
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This mxture is introduced into a tube, which is

seal-ed and heated at a certain tenperature (see .

Table) for 2 h, then the loss of conplexed nickel is
det& @Mwwcﬁw omat ogr aphi d.5aral ysi s;: PCT/FR2004/001110
Tenper at ureLoss of Ni 130C0% 150C25% Exanpl e 2: Stage

of distillation of the sol uigigmeobt ai ned after
liquid/liquid extraction 25 A mixture with the

foll ow ng conposition is prepared under an inert

at rIDSphe?rr@c(etsh;e [RNcentiegesh pd eoc PxRs €550 BY \A@hglatturated
th%fl;n 3l e mol ar. rati os): =1.0% TTP/ N

G gand A/ REE LS gy N At 13%eéﬁt 1 BT Sstage of
m klb’lsﬂrr@qy@marttlmduced tihet opaebahee wm ch isatselRftett system

SnRohpaied gl & CBELahBLeReL A Wndnge fabhel 1Y 3l or

loss o "'exe iI's de
chF@ﬁﬁtogr85Hﬁ@°§ﬁ§ﬁ?§P§usTenpéﬂsﬁudéLossOéf Ni mp7AO@8Ytate

19@%5%%0%9@&/1;%014%@ 12ndLALNE 1.0 PT 06R5% TOp;i hBRtate
hydr o i on conpounds conpr|3|ng at least 5
hy&F@@%&ﬁ SERCTHSt het fredengd@dofoptionally a promoter of

Lewis acid type and at least one stage of separation by
distillation of a reactant used in the process or of a
compound formed by the reaction of a medium 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 organophosphorus 1ligands, 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
organometallic complex of less than or equal to 1.3%
and in that the distillation bottom temperature of the
distillation stage is less than or equal to 180°C.

2. Process according to the preceding claim,
characterized in that the monodentate ligand is a
compound chosen from the group consisting of triphenyl

phosphite, tritolyl phosphite and tricymenyl phosphite.

3. Process according to either of the preceding
claims, characterized in that the bidentate
organophosphorus ligand is chosen from the group
consisting of organophosphites, organophosphonites,
organophosphinites and organophosphines.

4. Process according to Claim 3, characterized 1in
that the bidentate organophosphorus ligand is chosen
from the group consisting of the compounds with the
following structures, in which Ph means phenyl:



conprising an organonetallic conplex nore

or ganophosphorus |igands PCT/ FR2004/ 001110 of
unsaturated one stage of catalytic system formed by
one or of nonodentate organophosphite type and one or
more bidentate organophosphorus Ilgands and

optionally a pronnter of 10 Lewis acid t ~no

| east one ge of separation by dlstll on o
reactan nt ocess or of a npoun fornme
by the reégdctyon of um conprising th SaIdO
catal ytic' system charadterized in hatoLni) neduwmo
subj ect€d to lthe stage of \separati onH -

di sti | hati@mfeeympigSesoa ratio of @ u o e

expressed a

of or gamephosphor ug_| i ggymas
at ons, h<§i§oe<§i}, Jﬂgi
atons of le ham oy equal to 15 and/or /a

concentration by weight of netal elenent formng the
20 organonetal l'ic conplex of less than or equal to
1.3% and in that the distillation bottomtenperature
of the dlst' age is less than or equal to

g to the preceding claim 25
‘ pnodentate ligand is a
conpound ghosén from the gfoup consisting of triphenyl
phosphite, tr@tol yl phkesph te and tricynenyl

pho e. 3. Processlaccor ng-to either of the
precedlng O30 Gkﬁlmﬁ/ ther actferized in that the

bi den or gangphosphor us and i s chosen fromthe
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PPh, PPh

;gh Ph
& PPh, PPh,
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consi sting of organophosphites, organophosphonites,

or ganophosphi nites and organophosphi nes. 35 4. Process
according to Claim3, characterized in that the

bi dent ate organophosphorus I déhd-is chosen fromthe
group consisting of the conmpounds with the follow ng
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Tabicénnﬁurtdﬁe Eremﬂr@ra'liﬂes esabbﬂ'poumdspar‘el geber alhlay ides,
saldigon 18s PRRELEYHAE Q@I&%§?1d§§0h59§pﬁgkggld%%l%%onates,

brom des, sul phates,

nétesper hal Barkgleal brbnai pBonahes, in

par;iaxeiﬂcafla‘ﬂ UOF Ddb Ky BkK DOt &5 & s Pepf U%Q%h'@é'ro%Qkﬁ—
suI nat e hal oacet at es, perhal oacetates, carb

hos thl o es, -

i QRCELATES chi OPPHBALGRERBFaRes, carb

fI worydacetsat eadandhpephbhties paceimt essh fd nieiegal |é)t|ylboranes,

fluorocacetates and perfluoroacetates, fluorocalkyl-

sulphonates and perfluorocalkylsulphonates.

6. Process according to Claim 5, characterized in
that the Lewis acid is chosen from the group consisting
of zinc chloride, zinc bromide, zinc iodide, manganese
chloride, manganese bromide, cadmium chloride, cadmium
bromide, stannous chloride, stannous bromide, stannous
sulphate, stannous tartrate, indium chloride, indium
trifluoromethylsulphonate, indium trifluoroacetate,
chlorides or bromides of rare earth elements, such as
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
mixtures.

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

butadiene and/or an unsaturated nitrile compound.

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



sul phonat es and perfl uoroal kyl sul phonates. 15 6.
Process according to Claimb5, characterized in that
the Lewis acid is chosen fromthe group consisting of
zinc chloride, zinc bronide~ 4i8nec i odi de, manganese

chlorlde mang anese brom de, cadmi um chloride, cadm um '
br dmi de, r§F§ﬁﬁou§C€ﬁF9#P8e tat Mpkwir Bhonﬁ@@raﬂﬂﬁﬂmﬂﬁﬁ in

20 tslalcphalee unsbhamroued aittratiey N Wit 1e.
indium trifluoromethyl sul phonate, indium
trifluoroacetate, <chlorides or brom des of rare earth
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and their “mxtures ocesS accordrng to one o
t hECpREREGi hecMarRBCteghingetarpied compeand:.he

unsat urated conpound is butadlene and/ or an
Process accordjng t

turated nitrile conpound. .
10 o d " BB R ARSI e O oRG EHarha dr SeREHE  fbeins,
t hehamaaterated nimrlﬂhhﬂistae|}ﬁ@@bv@fyb&ﬂﬂCh@% catalytic
I C d co S rom on
ot SRSTERC AU UL SORPLLELOY FREMES crfmi 585" stage of
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preceding clains, 5 characterize
15 of 3a8EBAr aSPBRTBY 18Nt oM atqlﬁililslaé'—lé?trag@%f the  unreacted

di shsbkkatbeBsdohithe1gedi um resulting froma
hydrocyanation stage in order to separate the
unr eact ed unsat urated conpound.

12. Process according to Claim 10 or 11, characterized

in that the reaction medium resulting from the
20 hydrocyanation of an unsaturated nitrile, optionally

after separation of the said unreacted mononitrile, or

the upper or 1light phase recovered in the settling

stage is subjected to liquid/liquid extraction in order

to extract the organophosphorus ligands and the
25 organometallic complex present in the said media.

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

30 cyclopentane and cycloheptane.

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

35 solution obtained after liquid/liquid extraction.

15. Process according to one of Claims 10 to 14,
characterized in that a portion of the said lower phase

is recycled in the reaction medium resulting from the
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10 11. Process according to one of the preceding
clai'rns, characterized in that the recovery of the
catalytic systemfromthe dinitriles fornmed conprises
a stage of settling the reactli%onr nediumresulting
fromthe hydrocyanation of an unsaturated nitrile,
optIYSHAQKRRIES igit e o &feqrg athonstbygeli sfi Hiatidhaofohhef the
unngaciedatws atiwatied nitrile. 12. Process according
to Caim110 or 11, characterized in that the reaction
mediumresulting fromthe 20 hydrocyanation of an
unsaturated nitrile, optionally after separation of
the said unreacted nononitrile, or the upper or |ight
phase recovered in the settling stage is subjected to
liquid/liquid extraction in order to extract the

or ganophosphorus |igands and the 25 organonetallic
conpl ex present in the said nedia. 13. Process
according to Claim112, characterized in that the
extraction solvent is chosen fromthe group

consi sting of hexane, heptane, octane, cycl ohexane,

30 cycl opentane and cycl oheptane. 14. Process
according to one of Clainms 10 to 12, characterized in
that the separation stage is a stage of distillation
of the extraction solvent fromthe 35 solution
obtained after liquid/liquid extraction. 15. Process
according to one of Clainms 10 to 14, characterized in
that a portion of the said |ower phase is recycled in
the reaction nediumresulting fromthe - 19
hydrocyanati on, before the stage of distillation of
the wunsaturated nitriles.



