PROCESS FOR THE PREPARATI ON OF DI NI TRILES The present invention relates to a
process for the preparation of dinitriles by hydrocyanation of 5
unsaturated nitrile conpounds in the presence of a catalyst based on a
metal elenment in the zero oxidation state and on organophosphorus |igands.
It relates nore particularly to a process for the 10 recovery fromthe
hydr ocyanati on nedi um of a catalyst for the hydrocyanati on of unsaturated
nitriles to dinitrPRESESTHECRYHHD CHRIARARDAI P el i BANTEREEEE i ndustrially
for 15 the synthesis of conmpounds conprising nitrile function groups from
conpounds conpri si ng unsat uratj ons. T%;af a%i ponitrile whiéh [ i an
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The hydrocyanation reaction 1s used industrially for
15 the synthesis of compounds comprising nitrile function

groups from compounds comprising unsaturations. Thus,

adiponitrile, which is an important chemical
intermediate, 1in particular in the manufacture of
hexamethylenediamine, a monomer for a number of
20 polymers, such as polyamide, is manufactured by

hydrocyanation in two stages of Dbutadiene or of a
hydrocarbon cut, known as the (€4 cut, comprising
butadiene. In this manufacturing process, the two
reactions are carried out with catalytic systems
25 composed essentially of the same entities, namely an
organometallic coordination complex and at least one
organophosphorus ligand of monodentate organophosphite

type, such as tritolyl phosphite.

30 Numerous patents disclose this process for the
manufacture of adiponitrile, and processes for the
manufacture of the catalysts.

Furthermore, for the economics of the process, it 1is
important to be able to recover the catalytic system

35 and to recycle it in the hydrocyanation stages.

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

obtained in the second stage of the process of the



recovery of the catalyst fromthe reaction nmedium obtained in the second
stage of the process of the - 2 preparation of adiponitrile, nanely
hydrocyanati on of wunsaturated nitriles to dinitriles. This process for
recovery by settling makes it possible 5 to limt the |osses of netal

el enment and facilitates the control of 2 he organophosphorus |igand/ netal
element ratio, which is low for the hydrocyanation of unsaturated nitriles.
Thus, it ispPalepergsdsinpl ef t @dinsaviietl le cabhamngtyc dteiraiathi el hirgh

| i gand/ net al,nkQ reh-eredt Hidtdia,.e WHCchy irakes 1gessi bl e recycling and reuse of
the catalytic systemin stages for the manufacture of catalyst and/or in
stages for the hydrocyanation of butadiene or the isonerization of branched
pent eneni t r iMhas. pkoddunerfous oddmereoy gay opdiosbitoy usakegands phawe bheen

provi ded, for, { he, et alysl s of Lhese Mydrocyanahlan reactlang, 20 Ihus,

bi dent ate Ilgand§ of oOrganophosphite, ~organophosphinitie, organophosphonite
and or gano- thieosphdmereype dfavetbeen aicsgicadesnhorumer ddgapd/estsl such
as, for example.e Ratents, W0,09006355, 1 WD 99(06356, /W0, 99406357, WP

99/ 06358, WD 99/52632, WJ 99/ 65506, 25 WD 99/62855,° US 5 693 843, WO

96/ 1182, WOUgsFE2geged UBitrddesz72Thwer 01186429, AlGDIPRSEIDIG PO
02/13964. Firldver PrOVESt ONyhas ayar decenigndes byidPat eAabaniPr@dkl1457, to
use a m xture of nono- .and |dqgtate 30 Iigggﬂg for the catalysis of

hydr ocyafiat ifoff F&e tidms - Chy SBI5ES SRiet xFGF¥ChReEs 2P p6&Sebl e t o
facilitate tdfe ynt beshdyofict ey tatnal iist sandethe€or the manufacture

of catalyst and/or in stages for the hydrocyanation of

butadiene or the isomerization of branched
pentenenitriles.

15
Numerous other organophosphorus 1ligands have been
provided for the catalysis of these hydrocyanation
reactions.

20  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,
25 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, by Patent
WO 03/11457, to use a mixture of mono- and bidentate
30 1ligands for the catalysis of hydrocyanation reactions.
The wuse of such a mixture makes it ©possible to
facilitate the synthesis of the catalyst and the
formation of the organometallic complex, in particular
with respect to processes for the synthesis of

35 organometallic complexes with bidentate ligands.

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

losing ligands or metal element.



formati on of the organonetallic conplex, in particular wth respect to
processes for the synthesis of 35 organonetallic conplexes with bidentate
ligands. In the case of m xtures of ligands, it is also inportant to be
able to recover the catalyst without |osing |ligands or netal elenent. - 3
One of the ainms of the present inventioh t+s to provide, in a process for
the preparation of dinitriles, a process for the recovery of a catal yst
formed by a 5 m xture of nono- and bidentate |igands and to be able to

reuse the cafl vt drisaigeaverese i prébent hydresyasat i entangref ide,
i sonmerization stages. To this en&h the inventjion provides a process for the
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formed from a metal element and from a mixture of
organophosphorus ligands comprising at least one

15 monodentate organophosphite compound and at least one
bidentate organophosphorus compound chosen from the
group consisting of organophosphites,
organophosphinites, organophosphonites and
organophosphines, and optionally a promoter, the said

20 process comprising a recovery of the catalytic system,
characterized in that the process consists in
controlling the concentration of unsaturated nitriles
in the reaction medium resulting from the
hydrocyanation reaction in order to obtain a

25 concentration by weight of unsaturated nitriles of less
than 20% in the said medium, in feeding the said medium
to a stage of settling into two upper and lower phases,
and in separating the two phases, the lower phase being
at least partially recycled to the said hydrocyanation

30 stage and the upper phase being subjected to a
liquid/liquid extraction in order to separate the
organometallic complex and the organophosphorus
compounds present 1in the said upper phase from the
dinitriles.

35
Mention may be made, as monodentate organophosphite
ligand suitable for the invention, by way of examples,
of triphenyl phosphite, tritolyl phosphite (TTP) or
tricymenyl phosphite.



and in separating the two phases, the | ower phase being at |east partially
recycled to the said hydrocyanation 30 stage and the upper phase being
subjected to a liquid/liquid extraction in order to separate the
organonetal li c conpl ex and the organophosphorus conpounds present in the
sai d upper phase fromthe dinitriles: 85 Mention may be nmade, as
nonodent at e organophosphite ligand suitable for the invention, by way of
exanpl es, of triphenyl phosphite, tritolyl phosphite (TTP) or tricynenyl
phosphite. vehtNBRM | QByMBYe baatRde, ads Riddentate higands Whhch,ange suitable
for the |nvent|on of _t he ﬁo npounds with the follow n éhégructure in which
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medium -_5 generally conprises a nunber of noles of bidentate |igand,
expressea as nunber of phosphorus atons with respect to a netal el enent
atom of between 1 and 4, while that of nobnodent |..nd expressed as
nunber 5 of phosphorus atons, is between 4 and present text, the
expression "ligand/ el " ways refers to t the nol ecul es
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According to a preferred <characteristic of the

10 invention, the catalyst present in the reaction medium



10 otherw se. The netal elenments exhibiting a catalytic effect in a

hydr ocyanati on reaction are, for exanple, nickel, <cobalt, iron, ruthenium
rhodi um palladium osmum 15 iridium platinum copper, silver, gold,
zinc, cadmum or cerium Nickel is the preferred catalytic elenment. For
greater clarity, the netal elenment wtl5be denoted by the term"nickel" in
the continuation of the present text, without this being a limting

meani ng. 20 SRRETFdlor €0TPH 1ERE hjdrBePanat i oh mMeplas o fof bikentassat ur at ed
nitriles, ajpRMetereRpregsatialayst nispegensr abh¥sygagduslend Smacidsnare
generally used as_preferred pronpters, 25 Use y. in particul ar be nade, by
way of exanplte®esf tehé IR aggﬁge]&\:té‘&q”h t?ng REFKEER ted®B§ & A A ah,
"Fri edel - Cr afttid eanth&KRel atfedndieaddntonss , 1Vohtde lexpgragesd 183 toanb2z (1963).
30 The Lew s acids i.ch can be enpl.oyed as cocatal ysts in the present
process %rechd6%ﬁ¥§bégﬁ§1fgﬁwggeﬁgpﬁgé %%%ﬁ%ﬁﬁlsqgf the el ements from

G oups | b, IIrb, thel apreseénb, tamt. | e Vaxpviessiidy Vilkgaadd iVickie14f the 35
Peri odi ¢ Tatyl%v_agfs therEl-gment s . hEhesgr egmponds qar ene 96REIAL L Ve SaldeS, 1N
particul ar halides, such as _chlorides or brom des, sul phates, sul phonates,
hal oal kyl sulsiénat ésd/pér hBtegnkptsul phonades, With pweReQd atto the

fl uoroal kyl sui-plenatgs eridrenfl vereal kylinie8s sukpherates, ihalieacelat es,

er hal oacet ates, .carboxyl ates and phosphat es.
P 10 ogierwise. y P P

The metal elements exhibiting a catalytic effect in a
hydrocyanation reaction are, for example, nickel,
cobalt, 4diron, ruthenium, rhodium, palladium, osmium,
15 iridium, platinum, copper, silver, gold, =zinc, cadmium
or cerium. Nickel is the preferred catalytic element.
For greater clarity, the metal element will be denoted
by the term "“nickel” in the continuation of the present

text, without this being a limiting meaning.

20
Furthermore, 1in the hydrocyanation reaction of the
unsaturated nitriles, a promoter or cocatalyst is
generally used. Lewis acids are generally used as
preferred promoters.

25
Use may 1n particular be made, by way of examples, of
the Lewis acids cited in the work edited by G. A. Olah,
“Friedel-Crafts and Related Reactions”, Volume I, pages
191 to 197 (1963).

30

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

35 Periodic Table of the Elements. These compounds are

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

particular fluorocalkylsulphonates or perfluoroalkyl-



Mention may be made, as non-limting exanples of such 5 Lew s acids, of
zinc chloride, zinc bromde, zinc iodide, nmanganese chl ori de, manganese
brom de, cadm um chloride, cadm um brom de, stannous chloride, stannous
brom de, stannous sul phate, stannous tartrate, indium chloride, indium
trifluoronethyl sul phonate, indium 10 tréftuoroacetate, the chlorides or
brom des of rare earth elenents, such as | anthanum cerium praseodym um
neodym um sad@tiomatesur opi um hybeRTeMUeS . t er bi unPedspresietmtesaf ni um
erbium  t hdaxMtderbidn gubdgiatdam cobalt chloride, 15 ferrous
chloride or yttriumchloride. Use may al so be nade, as Lewi s acid, of
conpounds such as triphenyl borane or titaniumtetrai sopropoxide. 20 It is
possi bl e, oMeg@uUrsSe, mdw BEPIGEAdT X44r @snofl imseveraledzem = icbfs sukhef er ence
is very particul arly .given, amng Lew acids, to zinc chloride, _zinc
bronide,gstgﬁﬁgﬁk 5%H%L’orp e,?&tgnngbéogﬁgﬁVdeFlpFip éﬁ&“ggﬂan%}nfndium
trifl uoronetivdisig, phomage;e sadichdotl 38l ucreomsetestee andmide nc cadmium

chl ori de/ st apReys «hl Oéf:éﬁjrﬁil%XE'fEﬁﬁdeThest:'a%"x‘ﬂo%@%ﬁl&??@é al w3t repplcoyed
general ly represents rom 0. 005 to 50 nmol per nmole of nickel. 30 According
to a prefer e®miferacsepNBPIE TULHEL] nvERANBAYSt He kR tin f & o™ he

settling staggdiSqecool edditn? t erpenabibmeehyhatneer 226 and i fGum
advant ageousl y het ween 30C and 55C. | n_order tg?obta n settling and

3 .
separ at +on Tt HRF ORTESEE of Hfe FBiEFF@ﬁSnéﬂ¥u TYR14%S adfantagéous f or

t he concent raatriton by eweinght sof ni skeh i n dde raacitmihum, cerium,
praseodymium, neodymium, samarium, europium,
gadolinium, terbium, dysprosium, hafnium, erbium,
thulium, yvtterbium and lutetium, cobalt chloride,

15 ferrous chloride or yttrium chloride.

Use may also be made, as Lewis acid, of compounds such

as triphenylborane or titanium tetraisopropoxide.

20 It 1s possible, of course, to employ mixtures of

several Lewis acids.

Preference 1is very particularly given, among Lewis
acids, to zinc chloride, zinc bromide, stannous
25 chloride, stannous bromide, triphenylborane, indium

trifluoromethylsulphonate, indium trifluorcacetate and
zinc chloride/stannous chloride mixtures.
The Lewis acid cocatalyst employed generally represents

from 0.005 to 50 mol per mole of nickel.

30
According to a preferred <characteristic of the
invention, the medium fed to the settling stage 1is
cooled to a temperature of between 25°C and 75°C,
advantageously between 30°C and 55°C.

35

In order to obtain settling and separation into two
phases of the reaction medium, it is advantageous for

the concentration by weight of nickel in the reaction



- 7 mediumfed to the settling stage to be between 0.2 and 2% In order to
obtain such a nickel concentration, it may 5 be necessary to add a certain
anount of catalytic systemto the reaction nediumexiting fromthe
hydrocyanati on stage. This is because the concentration of nickel used in
the reaction nmedi um when the nickel +s7used in conbination with a bidentate
| i gand may be 10 very low, such as, for exanple, of the order of 100 to

2000 ng of maﬂ«MWIéfQﬁt¢eéb@|@ﬁtﬁééﬁGmSQ%%RHQﬁrﬁFtbﬁ%W@?@f@r?e@nénbodlnent
of the invention, the concentration of nickel in the mediumresulting 15
fromthe hydrocyanation stage is adjusted to a suitable and desired val ue
by introduction of at |east a portion of the | ower phase obtained in the
settling stage.orALOrh ngbtalmebu@hotdweﬁcp{eejf ersecechasaconri $ti magf 20 the
i nventiopn, the concentratl no nsaturated nitriles inth mfed to

t he sett?in%)stagg Iesg thaﬁgorgequ t ln26Wﬁ§§%ecﬁit% ngq %tageously
bet ween 4 aWYQmﬂmbytme|ghe m&éﬁuﬂ@mntmedlom t e igrioguct fopmof téech a

concent [ &t O axCARBE GO |G 4t S 11 henlusey BheAbShupashl |11y [s

to control ne t conver si on of unsaturated nitril es
in the 30 hydr oeyerat | vAdt dge the o?@@?t%@nob‘ﬁﬁlllhlm ivhehetheeddcker nedi um

at the end qfs tigd eaqt iQmAnXidd ngltﬁrgnbtla%n%@lt@ reagd @, mdy be
concentratlon of unsaturated nitriles of |less than or _equal tao 20@6by

wei ght . 185 VEAZC hM mEEo" andt héPTefEGEPRENt O5f e Tdeht Ponl0% € reaction
medi um exi t i@ of meyNdthe koAt isactsicagenddidred to a stage of

distillation under reduced
According to a preferred embodiment of the invention,
the concentration of nickel in the medium resulting
15 from the hydrocyanation stage is adjusted to a suitable
and desired value by introduction of at least a portion

of the lower phase obtained in the settling stage.

According to yet another preferred characteristic of

20 the invention, the concentration of unsaturated
nitriles in the medium fed to the settling stage is
less than or equal to 20% by weight, advantageously
between 4 and 20% by weight.

25 The control or the production of such a concentration

can be carried out in different ways:

- A first possibility 1s to control and define the
degree of conversion of the unsaturated nitriles in the
30 hydrocyanation stage 1in order to obtain, in the
reaction medium at the end of the reaction or exiting
from the said reactor, a concentration of unsaturated

nitriles of less than or equal to 20% by weight.

35 - According to another embodiment of the invention,
the reaction medium exiting from the hydrocyanation
stage 1is fed to a stage of distillation under reduced
pressure or flashing of the unconverted unsaturated

nitriles. This stage makes it possible to control the



pressure or flashing of the unconverted unsaturated nitriles. This stage
makes it possible to control the - 8 concentration of the unsaturated
nitriles in the nmedium fed to the settling stage. To avoid | osses of nickel
by precipitation in the 5 distillation bottons, it is advantageous for the
bottomtenperature of this distillation8stage to be |less than 140C. The
term"distillation bottomtenperature” is wunderstood to nean the

t enper at ur e conaed negdiaumathi ke 1Rs3lowprt ¢¢ R hler bbeF e Nhheames itie

t enper at ur e f(Qfy the t K0 dealdis dhgyesai d boiler. In this enbodi nent
conprising the stage of distillation of a portion of the unsaturated

nitriles, the adjusting or control of the concentration of nickel in the 15
di still ati ordbottyonsl fe@dskest hefsehitkay Sage rean die atciasr | ech owheby

recycling a porti.qn.aof the lower phase, fromithe seftling, , This. r cling is
advant aggousafl y tlclfatirart_’llé’(‘ﬁ1 rc%vucfttboenfso’r e f eedi %égv?nﬁtéa%% Lh%mf% the IbélltsFt% ﬁll ation
stage. 20 Adccordimeguwre tdfe phbseddsofilibeipnvetioen,ta heel dres tplase

obt ai ned in the-de er heavyy:Rh3SE ; L 8€Sm st dhe.ni gkel and of
t he bi dent atle%I Fgan , antc?orgn porl):éi on o?llgﬂrer%rmnodent at epeﬁta and. However, as
the 25 coef findeat®dbrt parephi bhcot eiperasfigle fenere BAdivh wHeh

or ganophospher ussdddandschet weenetheultwe, IRhasase af empdt-ht gtentbs e nol ar
ratio of |igands/netal elenent %{om; will be lowin the | ower phase and

hi gh i n*? he Yadgserr Hdse Sai £RHitS%on, the process of the invention 30 makes
it possible to use nost of the bidentate ligand preferentially in the stage
of hydrocyaT%iéﬁ&éﬁe%gghiment comprising the stage of distillation
of a portion of the unsaturated nitriles, the adjusting
or control of the concentration of nickel in the
15 distillation bottoms fed to the settling stage can be
carried out by recycling a portion of the lower phase
from the settling. This recycling is advantageously
carried out before feeding the medium to the
distillation stage.
20
According to the process of the invention, the lower
phase obtained in the decanter or heavy phase comprises
most of the nickel and of the bidentate ligand, and a
portion of the monodentate 1ligand. However, as the
25 coefficients for partition of the metal element and of
the organophosphorus ligands between the two phases are
different, the molar ratio of ligands/metal element
atoms will be low in the lower phase and high in the
upper phase. In addition, the process of the invention
30 makes 1t possible to use most of the bidentate ligand
preferentially in the stage of hydrocyanation of the
unsaturated nitriles to thus obtain a high selectivity

for linear dinitriles.

35 According to another characteristic of the process of
the invention, the upper phase recovered in the
settling stage comprises a ligand/nickel molar ratio,
expressed as number of phosphorus atoms, advantageously

of greater than 8.



unsaturated nitriles to thus obtain a high selectivity for |inear
dinitriles. 35 According to another characteristic of the process of the

i nvention, the upper phase recovered in the settling stage conprises a

| i gand/ ni ckel nolar ratio, expressed as nunber of phosphorus atons,

advant ageously of greater than 8. - 9 Aceording to the invention, the total
recovery of the catalyst and of the ligands is carried out by a
liquid/liquid extraction of these using an extraction 5 solvent which is

i rr}ﬂ scit bl g \Mctabxtdlglgdi fbt F:ihleesi-r%\}\é%ﬂftii&ﬂt ”%He lbj%oﬁfﬁqemé’cso@e%‘fﬁ' aekelt_%thr ?pt ion
solvent, by way of "exanples, of saturated, linear or cyclic, _aliphatic
hydr ocar bon€3t&4i¥ tas ar{g%(oar?é Hi5t arte I35 Soctidne Cadydicshe Pitte, By clPopent ane,
cycl ohept and iand d /Mirgm igenexar byt cyal efarahdé sas vernanadngees.rabedloshexane

is the pgeferredrﬁétraction sol vent. fgter e trag%j e_cycl ohexane
f

. o] {
sol ution“of YHe =75 "BH§Ahomet AT % Lo e hnd % Jtrhlg%ﬂ gands is fed to a

stage of evaporation or distillation of the extraction solvent. To limt

the |oss Fﬁ Méﬂﬁ$én.g¥gpﬁ§§i£%& FiQQ’suaﬁabﬁeigEQEE@EEoBQ%oﬁQ%nkLQQEg/niCkel
mol ar ratio, expressed as nunber of phosphorus atons with respect ‘to 20 the
number of nivekel ot oreXanlee high afdtvhatedrti ingprrgr €4t eCiHd 8. This

high ratio ig,idHydite pregesarebnthe ifvantige, ohtadned i mddharsett!ing
st age biOV|rtue of the coefficients of partition of tEe vari ous chem cal

entitiesObetl@éthe TN UPPERAnd YS! PBSRF 2 PRaseSY CFRPEREAFon 2T% or der

to limt |osges dderdekKely ¢helopatsdfmbhenper ahdl egakst heystlagexehe

dIStlllatIOQénfhe preferred extraction solvent.

After extraction, the cyclohexane solution of the
15 organometallic complex and of the ligands is fed to a
stage of evaporation or distillation of the extraction
solvent. To limit the loss of nickel by precipitation,
it is dimportant for the 1ligand/nickel molar ratio,
expressed as number of phosphorus atoms with respect to
20 the number of nickel atoms, to be high and in
particular greater than 8. This high ratio is, in the
process of the invention, obtained in the settling
stage by virtue of the coefficients of partition of the
various chemical entities between the two upper and

25 lower phases.

In addition, in order to limit losses of nickel, the
bottom temperature of the stage of distillation or
evaporation at atmospheric pressure or under a pressure
30 of greater than atmospheric pressure is advantageously
less than 180°C. The term “bottom temperature” is
understood to mean the temperature of the medium
present 1in the boiler of the said stage and the
temperature of the walls of the said boiler.
35
The process for recovery of the catalyst of the
invention thus makeg possible complete recovery of the

catalyst and of the organophosphorus ligands.



evaporation at atnospheric pressure or under a pressure 30 of greater than
at nospheric pressure is advantageously |ess than 180C. The term "bottom
tenperature” is understood to nmean the tenperature of the nedium present
in the boiler of the said stage and the tenperature of the walls of the
said boiler. 35 The process for recoverldy of the catalyst of the invention

t hus nakes possible conplete recovery of the catalyst and of the

or ganophospfiheusinygahden 2aprd icehedenetativn tapphi e¥ogeETer af Py ttdea process

for the convgraianf dasatHiatedatBAOMdAbheSriD4i Hd ridies cxiiegh
constitutes the second stage of a %rocegs for thg amamuf acture of dinitrile

conpounds by TdEibI TS HFHGE andt | B iF 6FLT i A8, 2sHERCESShdLAdi®ETe. Thi s
process conpraragacaddg st sf agedahihydiecyanratripmurafs t hbydi oldefulbiet o

unsaturated.niiriles carried.out. wth. a catalys ich is adva eously
corrposedgof 1}YherosC r?élactclgr?lpo%ﬁdséﬁo\é\i% ose’ ofsutch}% %g\tMal?%/t[alu%:lesr)l/est e%tlﬁ%’ed in the
10 second stageEasis hcoppssebby,a diffifererstags i 0§ berdwenyatdelcomedunds.

This first i@%@%ﬂ&@ﬁf}ff@é'%&&@@&@@@a W Ehi 2051 SQURE LAALL@N Wig@Chi on of
t he branched nononitriles fornmed in order to convert themto |inear
unsat ur at ed GRSPdiaty | Yeschhiléh 3ETINRIGRE LD CREPPSedectindtBEag@meThi s

I soneri zati Qbrigo Rl 1 £8 eHbs¥ bli & heCalAl MG SYSyereeaub¥al ent the that of
the first stage and in the absence of hydrogen cyani de. . ?buch a process

conpri sitfg 9o St3ges Wi BRSTHP LY ys O &hG iEme I?@’éﬁlﬂg ECHFEFed after
evapor ati on tofe tbempexhnast i ahisol Vernét aseagdvant ageosshylyeeyritached ei t her
in a stage (\)Jitrllydrggyanf‘éci)rr?grloéaépgndi (%le%fcitr:IL%n of the branched
mononitriles formed in order to convert them to linear
unsaturated mononitriles which will be fed to the
15 second stage. This isomerization is carried out with a
catalytic system equivalent to that of the first stage

and in the absence of hydrogen cyanide.

In such a process comprising the two stages, the
20 catalyst and the ligands recovered after evaporation of
the extraction solvent are advantageously recycled,
either in a stage of hydrocyanation of the diolefins
(or of a C4 hydrocarbon cut) or in a stage of
preparation of the catalyst, and/or to the
25 isomerization of the branched unsaturated nitriles or
alternatively added to the catalyst recovered from the
lower settling phase before introduction into the stage

of hydrocyanation of the unsaturated nitrile compounds.

30 In one embodiment of the invention, at least a portion
of the catalyst recovered after evaporation of the
extraction solvent i1s introduced into the stage of
isomerization of the Dbranched nitriles and then
optionally into the stage of hydrocyanation of the

35 dienes. The catalyst recovered after the latter stage
can be recycled directly in the liquid/liquid
extraction stage.
in this embodiment, the catalyst used in the

isomerization stage and the stage of hydrocyanation of



(or of a C4 hydrocarbon cut) or in a stage of preparation of the catalyst,
and/or to the 25 isonerization of the branched unsaturated nitriles or
alternatively added to the catal yst recovered fromthe |ower settling phase
before introduction into the stage of hydrocyanation of the unsaturated
nitrile conmpounds. 30 In one enbodi nentllof- the invention, at |east a portion
of the catal yst recovered after evaporation of the extraction solvent is

i ntroduced ititto thenstageoBPripssnedi zaW oPTsiPad it adhed idientialtes and

then optionaldand Nthdhenptage of Hydsosyanati pagatet b33 odiseresr The
catal yst recovered after the latter st% e .can be recycled dlrect,l)ésln t he
i qui d/ 11 quithlSext¥9/T ofiSt ad8F FRARIE effodt nBRErCtKE Eat&Ayrst Wsed i n
the isonericzati®na stagetand whehstageahdy doey@anationtahe dikhest, he di enes

conprises a ] ow proportiaqn of bidentate i\gand, thus, making.it possible to
reduce t%e Iscl)lsc\s?{es‘:’lsm&e]ftthi%suwlgcaalntc?c uogl, (fToérd)e arr?psleenfL to'a llllty o I§/€£é)| S reaction
or to a reaction with conpounds present in the dienes, 5 such as

tert-butyl catech pr; gy b r he jpraset ipyentian
preferably zﬂtogel ie r%%gt%e lhy rocly,anat%ig% %fngﬂ%eaﬁe%r branched unsaturated
nitriles coASINGTHGAB t 858 calRAT at 6Fs AR 10 Weefaratey of

3- pent eneni it 1200/ @mdr PEME@NERLRN i3 eco f 9r chh®okr adushd oanaf magicponitril e
with use of a _catalyst gf the type represented by the follow.ng.._formula:
15 Ni (LI 9x( B STRRMT Rt LE - PERTESERTS T Lo rfdifent at & "PEgardand 1z €a

a

bi dentate |ifgand,the production of adiponitrile with wuse of
catalyst of the type represented by the following

formula:
15 Ni(Li)x(La)y

in which L; represents a monodentate ligand and L, a
bidentate ligand,
x and y represent decimal numbers ranging from 0 to 4,
20 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
25 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, 1in a first stage, of an organometallic
complex between the nickel and monodentate ligand.
30 Processes for the formation of such complexes are, for
example, disclosed in patents Us 3 9203 120 and
US 4 416 825.
In a second stage, the bidentate ligand is added to the
medium comprising the said organometallic complex.
35
The first and second hydrocyanation stages are
advantageously carried out in series. In this case, it
is advantageous for at least a portion of the catalyst

recovered, in particular that recovered in the



x and y represent decimal nunbers ranging fromO to 4, 20 the sumx + 2y
being equal to 3 or 4. The catal yst can be conposed of a m xture of

conpl exes corresponding to the above general formula. The catal ytic system
or the reaction nediumcan also conprise an anount of nono- and/or

bi dentate 25 organophosphorus ligand 1@ the free form that is to say not
bonded to the nickel. The catalytic systens of the invention can be obtained
by fornatiof,1quidH Hiquid stexgeadfioan” opgahomersl | Pertisiglaex Yoettheen t he

ni ckel and rmnredspiat eoddgandd 30 Rnacessgsrf phathe Jor pRET @R tefl islch

conpl exes are, for e§§nple, qﬁ%ﬁloﬁid in_patents gs 3 903 520 and US 4 416
825. In a sECHRF stEYe® tHEBF teht S FPEandSi S2hadéatt o™ hde dFedisim

conpri si ng tseagwal dfor ggdesetyahbidoaonpt exout3nd ddwee f idrsd/ @nd isec ame:

hydrocyapati gn stages. are _advant agepusly carried out i eri.es...ln this
case, itEl i §advan ad&&ﬁ? %%a%.o$é%§t85 %%r ?OHHE gPﬁgggétalégfleﬁecovered,
in particul &o tlhatearecovatedrdtred heitriles | i Goe dhbegaifdaextidaettiiosl and nore

par ti cul arl .t i el Al K8k GR0KEr L dhn t B URRYS PRASE-PhnlbSofCH 1 N0
stage, to be recycled and us as catalyst in the first ~stage of

hydr ocyanat ittt 3sH gt adicertd andforPsH 2R I8 Bitlgfe 167 DEMFTSAt i on of
branched unsaturated nitriles to linear unsaturated nitriles. The use of an

identical or sinilar,catalytif systen1f0{ t he hydrocy??ationagf .but adi ene
and t hatof Bo&RVEfeni &5 | &85 i elpPefBPFetP190 Howetis , ¢ i Sakpddt36ssibl e to
use the cat aywdtetn systemitedcridiedrecaborelsdlel yiri n the stagegef of

hydrocyanation of unsaturated nitriles, the catalytic
system used in the first stage of hydrocyanation of
butadiene and the isomerization stage being different,
15 either in the nature of the compounds or in the ratio

between the various compounds.

Other details and advantages of the invention will
become more clearly apparent in the 1light of the

20 examples given below golely by way of indication and

illustration.

Abbreviations:

PN: pentenenitriles

DN: dinitriles (mixtures of dinitriles AdN, MGN and

ESN, predominantly comprising AdN)
AdN: adiponitrile
MGN methylglutaronitrile

ESN: ethylsuccinonitrile

25 Example 1:

Hydrocyanation of pentenenitriles was carried out using
a catalytic system comprising an organometallic complex
obtained from nickel in the zero oxidation state, from
30 a promoter ZnCl, and from organophosphorus compounds

with the following formulae:



hydrocyanation of unsaturated nitriles, the catalytic systemused in the
first stage of hydrocyanation of butadiene and the isonerization stage
being different, 15 either in the nature of the conmpounds or in the ratio
bet ween the various conpounds. Ot her details and advantages of the invention
will become nore clearly apparent in ttBe-light of the 20 exanpl es given

bel ow solely by way of indication and illustration. Abbreviations: PN
pentenenitril es DN dikgitril (m xtures of dinitriles AAN, MaN and ESN,
predom nantly conpr N: adiponitrile MaN nmethylglutaronitrile
ESN: et hyl succi nopi 1: Hydrocyanation of pentenenitriles was
carried out using acatalytic sysstem conprising an organpnegal lic conpl ex
obt ai ned fromnickel {n the é%ro oxi dation state, from 30 pronot er ZnC12
and from organ th5phprus coanEpds with the follow ng forffnulae: - 13 A
TTP After flashi the PNsQ the tion medi um obtained lkas the follow ng

by=wei g 5 the ratios are nolaf ratips): N =
0.58% TTP/ Ni " @ = 10 PIN =17.4 O’P\O
A TTP

After flashing the PNs, the reaction medium obtained

has the following composition (% expressed by weight;

5 the ratios are molar ratios):

Ni = 0.58%
TTP/Ni = 5

Ligand A/Ni = 1.2
10 P/Ni = 7.4

DN = 64.0%
PN = 6.4%

15 The mixture 1is cooled to 50°C: separation into two
liguid phases 1is observed. The dense phase comprises
approximately 83% of the Ni(0) and approximately 73% of
the ligand A. The TTP/Ni ratio is approximately 3 in
the 1lower phase and approximately 15 in the upper

20 phase. The TTP/ligand A molar ratio is close to 8 in
the upper phase.

The upper phase, which comprises adiponitrile, is
subjected to a ligquid/liquid extraction with
cyclohexane. The cyclohexane solution obtained is

25 evaporated. The recovery of the catalytic system as

residue from the evaporation is guantitative.



=64.0% PN = 6.4% ZnCl2 = 0.16% 15 The m xture is cooled to 50C
separation into two liquid phases is observed. The dense phase conpri ses
approximately 83% of the Ni (0) and approximately 73% of the ligand A The
TTP/Ni ratio is approximately 3 in the |ower phase and approximately 15 in
t he upper 20 phase. The TTP/ligand A-ndlar- ratio is close to 8 in the upper
phase. The upper phase whi ch co -rlses adlponltrlle .|s subjected to a
l'i qui d/|i quiteas Yoz G AN A ' . Sef Tt i on
obtained is 25 evaporated The recovery of the catalytlc systentas resi due

fromthe eva ora ion is antlta ive. - til f the
TTP/ | i gand é §ys¥% Hgtsr?g%ﬁﬁ&%% ﬁ? fé% g % Ibtyge?%tlgand A
by the |Ii gan@alﬁdNIH twitthe tfied Iﬂmmﬁr@ Mdratulm B After fl ashl ng the PNs, the

reaction5nediuntobtained has the foll ow ng conposition (@6expressed by
meight; 10 the ratios are nDIar ratios) Ni 0. 70%) TTP/ Ni 4 Ligand

BINN =1 15 PPN = 6 DN = 7 . T% Cl2 = 0.17% 20 The medi umi s
cooled to 50C. separation |nto

B

After flashing the PNs, the reaction medium obtained
has the following composition (% expressed by weight;

10 the ratios are molar ratios):

Ni = 0.70%

TTP/Ni = 4

Ligand B/Ni = 1
15 P/Ni = 6

DN = 67.7%
PN = 6.7%

ZznCl, = 0.17%

20 The medium is cooled to 50°C: separation into two
liguid phases is observed. The dense phase comprises
approximately 70% of the Ni(0) and approximately 70% of
the ligand B. The TTP/Ni ratio is less than 2 in the
dense phase and approximately equal to 9 in the 1light

25 phase. The TTP/ligand B ratio 1is close to 9 in the
light phase.

The wupper phase 1is subjected to a liquid/liquid
extraction with c¢yclohexane. The cyclohexane solution
is evaporated. The recovery of the catalytic system as

30 residue from the evaporation is quantitative.



| i qui d phases is observed. The dense phase conprises approximately 70% of
the Ni (0) and approximtely 70% of the ligand B. The TTP/N ratio is |less
than 2 in the dense phase and approximately equal to 9 in the |light 25
phase. The TTP/ligand B ratio is close to 9 in the |1|ight phase. The upper
phase is subjected to a liquid/liquid lextraction with cycl ohexane. The

cycl ohexane solution 1is evaporated. The recovery of the catalytic system as
30 residue fromthe evaporation is q@#tiMSative. - 15 CLAIMS 1. Process for
the preparation of dinitrile conpounds by hydrocyanation of unsaturated

mononitrile 5 conpounds in th resence of a catalytic.system co r|5|ng an
organonet al Ilic ¢ ﬁﬁQSg%daﬁ%d€?$oﬂ¥§paﬁ%?h?nePgn§ﬁ¥lgﬁ&i%r&ﬁ@?qﬁ Sure of
or ganophosphor us dyi gahgsiroaypniasiimg at of eastnsEmirateddenteatomitrile

or ganophgsphite ¢ 5qﬁ?§ﬂuh$utﬂga§Eeégngge(Qtdgntgé P%ﬁggogggﬁgmprus

conpound chosen e group consSisting of organopho 1 tes
organophosphln|tégxmﬁmgﬁﬁvbhﬁgp%@%@@@@e%®h11©r@@m@bﬁﬁséﬁﬁméé faem @ptional |y

a pronoter, the saif progesses@NPri shdgd a fegpvery of hhecdpecat@gytic
system characterized in that the _process consists in controlling the

concentration (ﬁoﬁﬂﬁﬁﬁﬁﬂ%ﬁRkP?ﬁﬁrﬂP@énﬂﬁtQRﬂﬁﬁ%ﬁ&n%naﬁed%%ﬁ?t ting

fromthe hydrocyaﬂa{ddﬁhtraeca@tb@@ahaph@égmtéOC@a{p@umda £efcent Nadsan by
wei ght 9f 20 unsaturated. nitriles of é???ﬁn 20%in the %ald medium in

feedi ngtPhe sai d i Ut $E* %?ag%r%?nog AP nt 6°MRG er” ST E ower

phases, and in from the group consisting of organophosphites,
organophosphinites, organophosphonites and
organophosphines, and optionally a promoter, the

said process comprising a recovery of the

15 catalytic system, characterized in that the
process consists 1in controlling the concentration

of unsaturated nitriles in the reaction medium
resulting from the hydrocyanation reaction in

order to obtain a concentration by weight of

20 unsaturated nitriles of less than 20% in the said
medium, in feeding the said medium to a stage of

gsettling into two upper and lower phases, and in
separating the two phases, the lower phase being

at least partially recycled to a hydrocyanation

25 stage and the upper phase being subjected to a
liquid/liquid extraction in order to extract the
organometallic complex and the organophosphorus

compounds present in the said phase.

30 2. Process according to Claim 1, characterized in
that the reaction medium is cooled to a
temperature of between 25°C and 75°C before being

introduced into the settling stage.

35 3. Process according to either of Claims 1 and 2,
characterized in that the concentration by weight
of nickel in the medium fed to the settling stage

is between 0.2 and 2%.



separating the two phases, the | ower phase being at |east partially
recycled to a hydrocyanation 25 stage and t he upper phase being subjected to
a liquid/liquid extraction in order to extract the organonetallic conplex
and t he organophosphorus conpounds present in the said phase. 30 2. Process
according to daim1, characterized iml&hat the reaction nmediumis cool ed
to a tenperature of between 25C and 75C bef ore being |ntroduced into the
settling stdge. FFFTeFF oreS8raLRsr dPneo & t Hee BFecrding Flaid,

characterized in éMaé&&ﬁmeﬂhr ahihen dne V@éﬂ&éntﬁétﬂ@ﬁk@y iweidm medi um

fed to the settl[&nfg stag |s en.0.2 and 121% - (i’gces accordi ng
to one of the prétedtR§=trarhe §rlz}(?tserjirie8 Fn T u"f h%e 8erﬁ Stion by

wei ght of unsat wealite]chmgtsué@ im bdrewarmdi 4mm dedl 2 ©% tihe wsieghting stage is

bet ween 4% and 20% by weight. 5 5. Process according to one of the preceding
claims, “characterized in that the concentration of wunsaturated nitriles in
the reacti orb mediRrRcessureragdinamtehensy drocyamarirenesiiage dlaimss 10

than 20% by wei ghtha .6, RE0CESS aceprdipgeto ope ofc @ mBrdc1on 5, of
characterized in that the reaction nmedium resulting fromthe hydrocyanation

stage is fed to IPEEREOf HisTiLLest i oh? of tHife uhtaFHEaPed m‘ﬁﬂltq'"i les, the
distillation bot tleggallb@gmg ffednt ot hé hensatddydihtStcrge st AgePr Qges_Lse@cordl ng

to one of Claims 1 to 6, by weight.

6. Process according to one of Claims 1 to 5,
characterized in that the reaction medium
resulting from the hydrocyanation stage is fed to

15 a stage of distillation of the unsaturated
nitriles, the distillation bottoms being fed to

the settling stage.

7. Process according to one of Claims 1 to 6,
20 characterized in that the lower phase from the

settling stage is at least partially recycled in

the reaction medium resulting from the
hydrocyanation.
25 8. Process according to Claim 7, characterized in

that a portion of the said lower phase is recycled
in the reaction medium resulting from the
hydrocyanation, before the stage of distillation
of the unsaturated nitriles.
30
9. Process according to one of the preceding claims,
characterized 1in that the number of moles of
bidentate ligand, exXpressed as number of
phosphorus atoms with respect to a metal element
35 atom, 1is between 1 and 4 in the hydrocyanation

medium.

10. Process according to one of the preceding claims,

characterized in that the number of moles of



20 characterized in that the | ower phase fromthe settling stage is at | east
partially recycled in the reaction nmediumresulting fromthe
hydrocyanation. 25 S. Process according to Claim?7, characterized in that a
portion of the said | ower phase is recycled in the reaction nedium
resulting fromthe hydrocyanation, befbfe-the stage of distillation of the
unsaturated nitriles. 30 9. Process according to one of the preceding
clains, charact erpzedenpathat timaninbecXpragsiess ofs biGEWEQFe |9%and,

expressed as nunbgho 9hnoPheSRROMES OB rukbBcresRect hRta1meiBdmehenent 35
atom is between 1 and 4 in the _hydrocyanati on dium , 10. Process

according to one dfF°The i ebBAI AY TIQGHALAL IHhr BEEEHMZ elf | RSEHEETt he nunber

of nmoles of - 17 am@nwdentate |igand, expressed as nunber of phosphorus
atonms with respect to a netal elenment atom in the hydrocyanation nediumis
between 4 and 7. 5 11. Process according to one of the preceding clains,
characterizetlin Phatesheascbvrdinguded drox ofathyi mgemaditte ¢lamsl/ | i qui d

extraction of thechg§£§t¥§gzg?d qf,, t hen 9f ganephosphogLis: conpayndss 30 present

in the upper phase i's chosen fromthe group consisting of saturated or
unsaturated, al i pREEYENSr tifc| vagi pharLe/Rydbdcarpomsactdon podeesie
according to one @f:4hespregsdi ngr cl@hd’®,organophosphorus compounds

10 present in the wupper phase 1is chosen from the
group consisting of saturated or unsaturated,

aliphatic or cycloaliphatic hydrocarbons.

12. Process according to one of the preceding claims,
15 characterized in that the catalyst and the
organophosphorus ligands extracted in the

liquid/liquid extraction stage are recovered by

evaporation of the extraction solvent.

20 13. Process according to Claim 11 and Claim 12,
characterized in that the extraction solvent is
chosen from the group consisting of hexane,
heptane, octane, cyclchexane, cyclopentane and
cycloheptane.

25

14. Process according to one of the preceding claims,
characterized in that the number of mocles of
organophosphorus ligands, expressed as number of
phosphorus atoms, in the medium fed to the

30 liquid/liquid extraction stage with respect to a

metal element atom is greater than 8.

15. Process according to one of the preceding claims,

characterized in that the monodentate ligand is a

35 compound chosen from the group consisting of

triphenyl phosphite, tritolyl phosphite and
tricymenyl phosphite.



15 characterized in that the catal yst and the organophosphorus |i gands
extracted in the liquid/liquid extraction stage are recovered by
evaporation of the extraction solvent. 20 13. Process according to Claim1l1l
and Caim12, characterized in that the extraction solvent is chosen from
the group consisting of hexane, heptane octane, cyclohexane, cycl opentane
and cycl oheptane. 25 14. Process according to one of the preceding clains,
characterizelt i n ThatesheafapbEingf teplde o?f bBhgamasiseshmer usldimands,

expressed as nunhgraPictPhosphoOrus atons, dmpd he nadidam f ed, t@Athe S0

liquid/liquid extractio stage mntq.rgggﬁct to.a netal eleﬁpnt atomis
greater than 8. 1%°IPOREIZIPACELT dit§ one GROSRE predBdihg TEWHs,
characterized in ¢dagishengonodent ate df gand i s a Ixrgomgshmblehosen from

t he group consistén agg téi hgg (Iesphosphiogea Erh%ol EHBQ%§phite gﬂ?
tricynmenyl phosph|¥ 3 -pq% PHe. *Frotess accgralﬁg 6" one of t he precedi ng
clainms, characterrgatgophnoshlatinete bi dentate organophosphorus ligand is
chosen fromthe group consisting of organophosphites, 5 organophosphonites,
or ganophosphi nites and organophosphines. 17. Process according to C aim 16,
characterized’ i n P¥pegss® hasiehms eter dakihodphor 8arpgaadirsdioirhosen

fron1phe group CO@§£§tiBHeOfb&B%nEQHEOU6@%an@bh@sb@%ﬂﬂ§|<%Mg&h§tri§theS1
in mhlchPh nmeans

chosen from the group consisting of the compounds
with the following structures, in which Ph means

phenyl:



phenyl: - 19 0 0 -P Pvo PPhz 0 O PPhz 18. Process according to one of the
preceding clainms, 5 characterized in that the catalytic system conprises a

pronoter or cocatal yst conposed of a Lewis acid. - 2 0 19. Process
according to Caim18, characterized in that the pronoter is chosen from
the group consisting of conmpounds of-til®e elements from5 Goups Ib, IlDb,
Ilia, Illb, IVa, Vb, Va, Vb, VIb, WVIb and VIII of the Periodic Table of

sul phonat es, hal oal ul phonat es, per hal oal kyl su gna hal oacet at es,
10 perhaloacetates,ﬂcarboxy es, phosphates, aryl boranesj

f | uor oal kyl sul phi 2 .oroalkylsulphonates 20.0 Process accordi ng
to Caim19, char 5 that the Lamnsoac dis chosgn fromthe

gr oup conS|st|ng of zjnc chlotide,\zinc bro e |;d1de

chl oride, mang: nesg/bponlde P-.cgdm gm chl ori \ :
chloride, stan broﬁ?de st an sul phat'e;220 ¢ J a
chloride, indifum\tr} et hy honat e, i ndi uy @
chlorides or b 1 dé 3

the El enents.chosen in the group conprising halid syl phat es,

bﬁ g‘

18. Process according to one of the preceding claims,
5 characterized 1in  that the catalytic system
comprises a promoter or cocatalyst composed of a

Lewis acid.



el enments, such as | anthanum cerium praseodym um neodym um sanmarium
europi um gadolinium 25 terbium dysprosium hafnium erbium thulium
ytterbiumand lutetium cobalt chloride, ferrous <chloride, yttrium
chloride, triphenyl borane, titaniumtetraisopropoxide and their m xtures.
30 21. Process according to one of Cl4aid®s 6 to 20, characterized in that
the columm bottom tenperature in the stage of distillation of the
unsaturated nitriles is |l ess than 140C. 35 22. Process according to one of

the precedi ngs ¢l appBee s §haf @ RLIZLdcbN dNBn L hE, unéﬁgyaa&eglebarli@ is a
| i near or branched al i phatic conpound conprisin from3 to 8 carbon atons.

- 21 23. ProcesstaRtor Bl'Rg ©FECkSH 2218 chEh ARt Rri 2E8™ nt “hat It He
unsat ur at ed nltrI&@ngﬁsm@@nteﬂenbbmpbendy ofroeess adcofdlitg tHramne of the

preceding clains, ., 5 cha E cat tiGg, sy ution
recovere% after t#E° %?%gég ?&h gFE?V' 3#8 EEFPaC?I o q@ 'su ]66?@%’t0
distillation of t%Ebetaadt|UmI§olméntthEheEkmnmxﬂnc t digdereat wwie ofhe hi s

distillation beln@1é§§$%%rglo eg %gpc&hg5é¥§ﬁﬁpeggPﬁggsgg aqggg%&@gure of

dinitrile conpounds i ns, conp rst s
hydrocyanati on ofseheha@tefefi n $olpioratesat ur At TR 1PTR S

optionally an 'SQﬁ@fhgﬁééPﬁyi§§§%h83at@é the branched Qﬂ§ﬁ5é&éﬂé¥%s,
nmononitriles fornmed in first stage, and a second sta

hydr ocydfat i on of PEHeALPREEEREERd noNORPEPPKYLEES gi ve f g%ﬁ????%@%onpounds
according to one & ylboranes, fluorocalkylsulphonates and

perfluorocalkylsulphonates.

20. Process according to Claim 19, characterized in
15 that the Lewis acid is chosen from the group

consisting of =zinc chloride, =zinc bromide, zinc

icdide, manganese chloride, manganese bromide,
cadmium chloride, cadmium bromide, stannous
chloride, stannous bromide, stannous sulphate,
20 stannous tartrate, indium chloride, indium
trifluoromethylsulphonate, indium trifluoro-

acetate, the chlorides or bromides of rare earth
elements, such as lanthanum, cerium, praseodymium,
neodymium, samarium, europium, gadolinium,
25 terbium, dysprosium, hafnium, erbium, thulium,
ytterbium and lutetium, cobalt chloride, ferrous
chloride, yttrium chloride, triphenylborane,

titanium tetraisopropoxide and their mixtures.

30 21. Process according to one of Claims 6 to 20,
characterized in that the column bottom
temperature in the stage of distillation of the

unsaturated nitriles is less than 140°C.

35 22. 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.
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temperature of this distillation being 1less than

180°C.

Process for the manufacture of dinitrile compounds
from diolefins, comprising a first stage of
hydrocyanation of the diolefin to give unsaturated
mononitriles, optionally an isomerization reaction
of the branched unsaturated mononitriles formed in
the first stage, and a second stage of
hydrocyanation of the unsaturated mononitriles to
give dinitrile compounds according to one of
Claims 1 to 24.

Process according to Claim 25, characterized in
that the catalyst recovered from the upper phase
of the settling stage 1is at least partially
recycled in the isomerization reaction and/or to

the first hydrocyanation stage.

Process according to Claim 26, characterized in
that the catalyst recovered from the upper phase
of the settling stage 1is at least partially
recycled in the isomerization reaction and then in

the first hydrocyanation stage.

Process according to Claim 27, characterized in
that the catalyst recovered from the
hydrocyanation medium of the first stage is fed to
the settling stage or to the 1liquid/liquid

extraction stage.



