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adighQRipls! | £ fom ARGMYRERES ESohPFi sh8y MR AGEY®Rf. Thus,
th%di%o&f%?fie, which is an important chemical
intermediate, in particular 1in the manufacture of
hexamethylenediamine, a monomer for a number of
20 polymers, such as polyamide, is manufactured by
hydrocyanation in two stages of butadiene or of a
hydrocarbon cut, known as the C4 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 is
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
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Furthernore, for the economi cs of the process, it is

inportant to be able to recover the catal ytic system

35 and to recycle it in the hydrocyanation stages.

Thus, Patent US 4 539 302 disckoses a process for the

recovery of the catalyst fromthe reacti on nedi um
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[ |n HU Sr'ous patents, such as, for exanple,
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prov1ded 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 ligands for the catalysis of hydrocyanation reactions.
The use 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 ligands, it is also
important to be able to recover the catalyst without

losing ligands or metal element.



US 5 981 772, WD 01/36429, WD 99/64155 or WO 02/ 13964.
Finally, provision has al so been nade, by Patent WO
03/ 11457, to use a mxture of nobno- and bidentate 30
ligands for the catal ysis of-hydrocyanati on reacti ons.
The use of such a mxture makes it possible to
facilitate the synthesis of the catal yst and the
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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 in 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.



controlling the concentration of unsaturated nitriles
in the reaction nediumresulting fromthe
hydrocyanation reaction in order to obtain a 25
concentration by weight of unséatdrated nitriles of
less than 20%in the said nedium in feeding the said
medium to a stage of settling into tw upper and
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According to a preferred <characteristic of the

invention, the catalyst present in the reaction medium



PPh2 O O PPh2 According to a preferred characteristic

of the 10 invention, the catal yst present in the

reacti on nedi um generally conprises a nunber of noles

of bidentate |igand, expressed-as nunber of

phosphorus atonms with respect to a nmetal el enent
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For greater clarity, the netal element will be denoted

10 pyotheriésm-"nickel " in the continuation of the
present text without this being a limting neani ng

th the h i
ndBE L n?t$m$%gsesx§e%%%¥§ﬁaéal Latafgh S efEett®in
gehgdatblcyauaedonLevm@catmcds aaeegenépal | yexssgl eas nickel,
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of exanple Lewi s aci'ds"cite
15mopklégpmedg$pqanqm, Gepper, 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, in the hydrocyanation reaction of the
unsaturated nitriles, a promoter or cocatalyst is
generally wused. Lewis acids are generally used as
preferred promoters.

25
Use may in particular be made, by way of examples, of
the lLewis 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, IIIa,
II1Ib, 1Iva, IVb, 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 fluoroalkylsulphonates or perfluoroalkyl-



"Friedel -Crafts and Rel ated Reactions", Volune I,
pages 191 to 197 (1963). 30 The Lewi s acids which can
be enpl oyed as cocatalysts in the present process are
advant ageousl y chosen from —tdnpounds of the el ements
fromGoups Ib, Ilb, Illa, 1Illb, IVa, IVb, Va, Vb,
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particul ar halides, such as chlorides or brom des,
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st apAgys gehl or i dai uit anpeUs1 uHEORLERy1 SLAPABHSte,  indium
sul phate, stannous tartrate, indium chloride, indium

10¢y FFPééPSﬁ@Fﬁ)?Itéﬁﬁphoﬁa?e chlok 13590 QY | Plrl%%’&éet gfe, rare
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chl ori Lewi s aci d
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tetrai sopropoxide. 20 It is possible, of course, to
' veral Lew,s aci.d eference. is
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as triphenylborane or titanium tetraisopropoxide.

20 It is possible, of course, to employ mixtures of

several Lewis acids.

Preference 1s very particularly given, among Lewis

acids, to zinc chloride, zinc Dbromide, stannous
25 chloride, stannous bromide, triphenylborane, indium

trifluoromethylsulphonate, indium trifluorocacetate 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 is
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



acids, to zinc chloride, zinc brom de, stannous 25

chl oride, stannous brom de, triphenyl borane, indium

trifluoronethyl sul phonate, indiumtrifluoroacetate and

zinc chloride/stannous chloride mi xtures. The Lew s
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of tﬁ% loJ%r 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 1is
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 is to control and define the
degree of conversion of the unsaturated nitriles in the
30 hydrocyanation stage in 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 is fed to a stage of distillation under reduced
pressure or flashing of the unconverted unsaturated

nitriles. This stage makes it possible to control the
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According to yet another preferred characteristic of

20 the invention, the concentration of unsaturated
nitriles in the nediumfed to the settling stage is

| ess than or equal to 20% by Weight, advantageously

bet ween 4 and 20% by wei ght. 25 The control or the
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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 ligand. However, as the
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
makes it 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.

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.



carried out by recycling a portion of the | ower phase
fromthe settling. This recycling is advantageously
carried out before feeding the nmediumto the
distillation stage. 20 Accordig-to the process of the
i nvention, the | ower phase obtained in the decanter
or heavy phase conprises nost of the nickel and of
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hy drde@TonsTo sherﬁlasthex&ﬁés IRpURHRse 1 P BPARE LPL Eat ion,
CyClltohaéanemp@y@bﬁﬁenf@ﬁe tiyclighepianeiavgl molar ratio,

expressed as number of phosphorus atoms with respect to
20 the number of nickel atoms, to Dbe 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 1is 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 makes possible complete recovery of the

catalyst and of the organophosphorus ligands.
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nore generally cycl oparaffins or anal ogues.

Cycl ohexane is the preferred extraction sol vent.

After extraction, the cycl ohexane solution of the 15
organonetal | i c conpl ex and of 10he ligands is fed to a
stage of evaporation or distillation of the extraction
soMaentinvention t appé ikss wferd ckel thy rpeppesat ifmr, the

It Cofivle QEBanSffOﬁn§%%h#é%§ﬁf%ﬁgﬂaﬁ¥tﬂﬁyé§' E%t'glnltrlles

expressea as nunb orus atons wth resp
t oWho chheomgiiduters mf@«eﬂecatr@nsstq% bef gﬂhr%%&? nfor the

pahbh%@b@?u?ﬁeatﬁfft?aﬂlﬁltg?lé hh@%m@?ﬁh@slftfhn t hgouble
rocess o e invention ai ned i e se in
5 ot BYETRVARALIE 0f Of he EHE NS enPSChr Far PUPGHEYE - This
th@ro‘c@rslsou@omﬂmmegl aenfitses slmtg\aeeoft heydrae yappaerion of
an p ases In a I order to I|n1t

ot 4 R R T R ST e
ofcdtaﬂMdUHWMKnmr1sevmbawaagamuﬁlﬁu¢mmm@sedcof the same
Pr &3 mbloantls Lé%del{hc?sé)rgfsgflg %thflggﬁgats%fstte%%sed in the

at nos herlc ressure | s advant ageo ["fess t han
18G€coTkde Wewﬁ " Héﬁih@mﬁfeﬁﬁﬂé?]ax'ur dif f@reaﬁderrasttlcﬁfd pbgtween

Meamet heodSmedat urg s of ﬂﬁ%tneéiw@é @rses;eéﬂeﬂﬂmecombmed
boil er of the said stage and the era%ure of t

waMishor #Re S WoigadLoms ?ﬁQCEFSBess or trh&ovEWHChed
of nich@ndatrdllyst ffrmde im nvedétronot wsvwakestiposstdl dinear

Co%%g%t%r% G2 Ve%%n% 1Eh§le%at%hx%h aQq qf ge fed to the
S -

or ganophosphor us rgan nventlon appl i
geﬁ@maWQ/&Hﬁqg{HTmEsslSOMerhéatcenveﬁsMﬂinﬁed out Wlth a

Un%%%%rgk ﬁrééf?wéfbﬁQntErkhﬁ% MGl first stage

constit seco stage of a process for the

rra@@fdacltrurt@eofabcﬁemqer iqfe W&‘f’ﬁ’@l%‘d§yl§’3ﬁldj@ubl e

In such a process comprising the two stages, the
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
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.

In one embodiment of the invention, at least a portion
of the catalyst recovered after evaporation of the
extraction solvent 1s introduced into the stage of
isomerization o©of the branched nitriles and then
optionally into the stage of hydrocyanation of the
dienes. The catalyst recovered after the latter stage
can be recycled directly in the liquid/liquid
extraction stage or the settling stage.

In this embodiment, the catalyst used in the

isomerization stage and the stage of hydrocyanation of




5 hydrocyanati on of diolefins, such as butadiene. This
process conprises a first stage of hydrocyanation of

the diolefin to unsaturated nitriles carried out with

a catalyst which is advant agédusly conposed of the

same conpounds as those of the catalytic system used

i nthiee ddesesondompageeni td, lyossipdopordiifoner @t bidentate

rati et i a i
opatRnet MR i EPTOU I S d L F8bus S Bogges of
t héhbrSarﬂcheaend nddoni £0F| egampleed tion oriedrebyebaveeaction

theyp tQ, |4 Nasct upgalyyERt e th%lst Hrcaethi o0 vhé | dPénes,
fed to the 15 second stage. - This isonerization is

5 caPMicd a&utte\ﬁtt'l?uéylt?éttﬁ%lc (P eMIERTFVFalién P ytgdiene.

that of the first stage and in the absence of
hy gen c anlde ch a Process c npri si the t
ot S PP ORnd WIS oG PEROEFed Lo the
aftqﬁnaamamaﬂmqm1aﬁ ttheaextraaeti on tsdlleentcamerising from
nt ageougly I ed It he n g
ed S é?ﬁ%ﬁl atoft £n? & e? Cf&%ferably of

hy rocyanati on e diolefins or o
10hyé?@@ﬁﬁ§@@neﬁﬁﬂhﬁ'l ﬁn§/§ﬁage40Pen§ﬁ@§@ﬂéﬁﬂéﬁ of feKe the
0 t}ﬁlo\éﬁfoh dtl@?td{@f F@Jﬂ&%l%@lﬂl%or@[tﬁﬂ.ﬂs@n of E\PQ:atdadlydst of
ranched unsaturate [ alternative adde
Lo e CTRE SR SHETGRE Y T BmEHd O G L QS g
phase before introduction into the stage of
hydr ocyanati on of the uns t ﬂﬁvgg?rltrlle conpounds.

30 I n one enbodi nent of t at least a
15portion of the-catal yst recovered after evaporation

Ofaﬁhew?féﬁrégti fggéﬁgg SMJH 'Ti ﬁ@ean L, a

I sonmeri Zation of the branc e n|tr f'es an
t hdidegpatendiigpncht o the stage of hydrocyanati on of
t he %'—Ihdil $nesprdBentatiakymblr eeavered @ingnd herdmtt eto 4,

sta can be recycled directly i the I|qU|d/I|qU|d
extT¥c §Wh %Sttadd SR SCA) ‘%’g L

20 The catalyst can be composed of a mlxture 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
25 say not bonded to the nickel.

This reaction is disclosed in particular in Patent
US 4 371 474.

30 This hydrocyanation can be carried out starting from
pentenenitriles synthesized by hydrocyanation of
butadiene in a separate plant or in a first stage
positioned in series with the stage of hydrocyanation
of the pentenenitriles, as described above.

35
It is possible to use the catalytic system described
above solely in the stage of hydrocyanation of the
unsaturated nitriles, the catalytic system used in the
first stage of hydrocyanation of butadiene and the
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In this enbodi nent, the catalyst used in the

i sonerization stage and the stage of hydrocyanati on of

- 11 the dienes conprises a | ow proportion of

bi dentate |igand, thus nmakirng2i t possible to reduce

the losses of this ligand due, for exanple, to a
hydsoggiigatégat i shager beingr edicifaremi ¢ h Hoompeunds it is
pr i he di 3 such =bu ech :
(TR el o B o e ey YA eyt

pr 6VEILER yCAMNTRE ©§ tHee BPBRoGAMAUBIS of such as metal
ungathkated Bhbril 8ggeaBphosbR8rlhisom 18ghAd8, carbphionally
atons and nore preferably of 10 3-pentenenitrile
AndFGPTALBENt EReriiF FFESRbr THe Obr GRINHHN ohe compounds
adiwpa@hi diiflife rentth cosecoft ratdanal.yst of the type
represented by the following formula: N (L1) X (L2) y

15 in which L1 represents a nonodentate |igand and L2

a Thiedemttatley HigaslstemandLy theprieyent idecigal Peinbergined
rangi n -0 to 4, .t m y [ e .
or B "SR s canThY comdead of o nixdiransrallic
coppelex kesiiesipore ngickelhandbdhe geredgnatelfgand.

The eRlealsuls € ro¥sSt @meor rhhfakeaat i 88 MBdEHM E8MApaL88s are
conpri se an ampunt of no- and/or bident at

or GAFGPRES o 13T | IFGATP i1 t hR FREE™GY nYSt at 93 (1¢0 and

25Uusayl date Basded to the nickel. This reaction is
di s¢ %ﬁ%d&&ﬁéa{&ﬁ&,‘ %{héb%f&ér?égt Lﬁéaxgg L é”é‘dgéé? to the
Thi's' hydrocyanati can be carried out"startrng from
pemeskiawm ComPds ssyiet e Bad o Hepdosefraddtiicorragirlex .
but adi ene in a separate plant or in a first stage
Other details and advantages of the invention will
become more clearly apparent in the 1light of the
examples given below solely 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

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
a promoter ZnCl, and from organophosphorus compounds

with the following formulae:




positioned in series with the stage of hydrocyanation

of

the pentenenitriles, as described above. 35 It is

possible to use the catalytic system descri bed above
solely in the stage of hydrecy¥a@nati on of the
unsaturated nitrilés, the catalytic systemused in the

fi

anati on of butadiene and the -

e being different. However, it

No -t hese different stages a

ed of the sane conpound ch
nophosphorus |i gands,
trfferent ratios betwe t he
oncentrations. The 0o
yenti on can be obtaingd by
t age-6f an organonetal | be-AQ

rst stag

¢ i ckgl and the nonodedTafe |idan
Processes @/ at i on of such conpllexes are

di scl osed,

e, in Patents US 3 9037120 and

US 4 416 825. In a second stage, the bidentate |igand
is added to theA 15 nedium conprising the said TTP
organonetal | ic conplex. O her details and advant ages

of

the invention will becone nore clearly apparent in

tharkightr pish ey @ranpbes, gitven behows Q! laiikn We¥tained

of

PNRagSerft

BoritBhe AP L P83 DROTRAR A RioFos { nPRPEFEE=H! BV weiohes

5 di mher rbes oAdNreMaNlamd raESNs)pr edom nantly conpri si ng
AdN) AdN: adi ponitrile

10

15

20

25

Ni = 0.58%
TTP/Ni = 5
Ligand A/Ni = 1.2
P/Ni = 7.4

The mixture is cooled to 50°C: separation into two
liquid phases is 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 lower phase and approximately 15 in the wupper
phase. The TTP/ligand A molar ratio is close to 8 in
the upper phase. ‘

The upper phase, which comprises more than 90% by
weight of adiponitrile, is subjected to a liquid/liquid
extraction with cyclohexane. The cyclohexane solution
obtained is evaporated. The recovery of the catalytic

system as residue from the evaporation is quantitative.




10

15

20

25

30

MGN net hyl glutaronitrile ESN ethylsuccinonitrile
Exanpl e 1: 25 Hydrocyanation of pentenenitriles was
carried out using a catalytic system conprising an
organonetal lic conplex obtai ddd-from nickel in the
zero oxidation state, from a pronoter ZnCl2 and from

or

orfgt tdamsb fd$hes3F TR Alh gand B |migigichgystem

formulae: - 13 0--P, 0 OP--OA TTP After flashlng

the PNs, the reaction nediumobtained has th

f olERHG clorifosTeRIALTDo fpr@%gle@cwgwéh@h%lgaedtﬁeby the
r atl'l@%n%f ® ROl dhd i) lowNing {bBffba:TTP/NI = 5

Ligand AN = 1.2 10 PPN = 7.4 DN = 64.0% PN = 6.4%

S7nC12 = 0.16@615 The n1xtyre is cooled to 50C

separation into two 1ig
dense phase conpri ses
and approximately 73%
ratio is approxinately
approximately 15 in the

i observed. The

@ 33% of the Ni(0)
3 The TTP/ Ni
owet” phase and

upper 20 phase. The TTP/Iigand

i d phases
apo oxi mat ¢

A nolar ratio is close tf@ int per phase. The
upper phase, Mhlc?(ffffflses nor. ?:if%?by

B

After flashing the PNs, the reaction medium obtained
has the following composition (% expressed by weight;
the ratios are molar ratios):

Ni = 0.70%
TTP/Ni = 4
Ligand B/Ni = 1
P/Ni = 6

DN = 67.7%

PN = 6.7%

ZznCl, = 0.17%

The medium is cooled to 50°C: separation into two
liquid phases 1s 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 light
phase. The TTP/ligand B ratio is close to 9 in the
light phase.

The upper phase is subjected to a liquid/liquid
extraction with cyclohexane. The cyclohexane solution
is evaporated. The recovery of the catalytic system as

residue from the evaporation is quantitative.
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wei ght of adiponitrile, is subjected to a

l[iquid/liquid extraction with cycl ohexane. The

cycl ohexane sol ution 25 obtained is evaporated. The

r eWOV@0P4dA 0148 7cat al ytic sysitSem as resi BGB/FR2604/001180

evaporation is quantitative. - 14 Exanple 2: Settling

of the TTP/ligand B m xed s¢&¢PéMSExanple 1 is repeated

but replacing the ligand A by the Iligand B with the

following formula: 5 B After flashing the PNs, the

redet i oR YRSGISEMISHt ditedPrerarathion ob f odi Rgtrile compounds

conposi tiyon hYiespyeasesdoly Wef ghtunsal@rdfted at hefodierile

molar ratios): NI = 0.70%_ TTP/N = 4 Li%%pd BIN =1

15 P/ Ni COMOUBds= b7, FO° ARESSBNGS, Znch2 2Rl ppsysten

The nedicwmpird sdow edh taxrFHHomesteidriat | osmp g0 fowmed from a

liquid phases is_observed. T dense_phase conprj.ses

appr oxi %&t@l y 70@?%5”? e Nia(rgie ang(rgglprox“f1 mat gf)li{t'}%o% of

of the driggavephRspheer UFTPLANJardsi campdigsigiat hah 24ast one

the de%%o@&%%@n%ﬁg@fq%@%sﬁiae egURbohRAY dnd € 1east
/11°gan I to 9

light 25 phase. The TTI Bratio1s close

in the qq%ﬁnbﬁﬂﬁﬂﬂﬁteﬂup{ﬁﬁﬁﬁpﬁﬁﬁﬁﬁp#%ﬁsu%?%%@%@dtocaosen

l'i qui d/ 16 d tneXxt gaelupon cehkhseye oh@xansrgZhsphos?hites,
over

cycl ohesane SO s Svaporaled., THe TSN O g
evapor atdr@jarnicphgpusantiinteat,i vend optionally a promoter, the
said 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 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 a hydrocyanation
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.

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

introduced into the settling stage.

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%.
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WD 2004/ 101497 - 15 - PCT/ FR2004/ 001180 CLAI M5 1.

Process for the preparation of dinitrile conpounds by
hydr ocyanati on of unsaturated nononitrile 5 conpounds

in the presence of a catal yti tésystem conprising an
organonetal lic conplex formed froma netal el enent

and -f r oRracesRt @ceasfdingr gamophesphiortds |BRperiting claims,
conpri sgRgrattbeasktdons NodentalenegrRaRrNesPM eyeight
conmpound and at | east_ 10, one_ bi dentate

or ganopRés PG rEfsbumtt Ehb88n 10f iR tRedyyBufed to the
consi st kB@t0fingr gaagphaspbieteeen arganaphopPhiyniicaght .

or ganophosphoni tes and organophosphi nes, and

optionally a pronoter, the said process conprising a
reeoveryroﬁeebeaﬁ&dﬂﬁﬁﬂgﬂﬁ@ syst e ttharmederdizefl thaims,

t hat the g%g§szggn3|sts i contr Illngothgntrat of
concentraPl unsaturate n|trFIes i it he"F&act on

nedlun1unee@hﬁangdfrmm@imﬂ¢wdreewan@h¢onreea¢nmm1imedium

order tQ.Qbpaiipga PP&EG"JHeath?HrQM z&eha%nofs@&;e is less
unsaturated nitriles of |ess O@bln t he sa

nedi um thanf 88 RY ¥Ré98&i-d nmediumto a stage of
settling into two upper and | ower phases, and in

ar at t he two phases, the | ower ase bei ng
I e st nggFﬁlslsy ngﬁg?ié&gt ot h)pd’reocfpaa s]t ag 5
and t hechppertpltazedbei g subhett edthe a reactlon medium

IquIdlllg%ﬁ@lﬁét%ﬁéﬂ‘¥hé”?g&98£ £8a€x8£a tgels fed to

organonetal ex and e or anop ospho
compounds pFteEEnt pﬁ t hebi g dL gghiage. GO 2thléroc:1elssaturated

accordi pgct-916kai Mie Chanaatierdized HBccbRdl Ydithg fed to
reaction nediumis cooled to a tenperature of between

25C and t?5CSBéfdiedpsitage

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

settling stage is at least partially recycled in

the reaction medium resulting from the
hydrocyanation.
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.

9. Process according to one of the preceding claims,
characterized in that the number of moles of
bidentate ligand, expressed as number of
phosphorus atoms with respect to a metal element
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



introduced into the settling stage. 35 3. Process
according to either of Clains 1 and 2, characterized
in that the concentration by weight of nickel in the
mediumfed to the settling stage- is between 0.2 and
2% - 16 4. Process according to one of the preceding
cl ai ms, moohdentatei zetigand hat 63px633EKEntﬁ§tionumyer of
wei ght rat [ e e um.f t
the . se PR e e S0 20% by rante gmen e
5. Procé§§macédrdlﬁgtQYQﬁﬁ?Xﬁn%?%PmreééGPWgi€$a%ﬁﬁween 4
charact gphzed in that the concentration of
unsaturated nitriles in the reaction nmedium resulting
fromthe hydrocyanation stage is less 10 than 20% by
V\ﬁnght . PﬁocE?eecemoa@timrgditrtg ¢we 060€ a@heCmiameding &laims,
c aracte ized in.that the r (e} nedlu resul ti
fromth& ﬁ§8?8%§5ﬁ§ |0HJ§ta§§ & E%l g%va gtage
distillahrmylog1ﬂu£uhhatunamaw/hmqumdesxtrhetlon of the
dlstlll tt bgin d 1ng S
] 8hian ggrdgga PEENDL A& %f%eﬁgﬁh§§ﬁﬁeku9 d &founds
100haract§FE§edtlnl$héﬂ“th@PPGWErpbﬁ§§e 35 ofhsen from the
settlingrstipge consalstligast dzartsaaddﬂétre@ycéled mmsameated

reaction_nediumresul ti t he drocyanati on.
A procaéépaeeeedpﬁgcysggfiﬁ A ot

that a portion of the said | owner phase is recycled in

Srea tion ned| ting om.t h
hy rocy%na??%ﬁ e ore %Le&gt%%% 0 thﬁe%edlng claims,

15 characterized in that the catalyst and the

for

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, cyclohexane, cyclopentane and
cycloheptane.

25

14. Process according to one of the preceding claims,
characterized in that the number of moles 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.



of the unsaturated nitriles. 30 9. Process according

to one of the preceding clains, characterized in that

t he nunber of noles of bidentate |igand, expressed as
nunber of phosphorus atons-wilBh-respect to a netal

element 35 atom 1S between 1 and 4 in the

hydocy &raciess amxhndand Oto Proeess ddvorpiegedngnelaims,
of the ppeGeticng icld M5, ighar ackggized |apthal theqencate
nunber of noles of - 17 nonodentate |igand, expressea

as nunberIenoPHIREPEINeISs htdrRd wilsh ehasriet frema tha apgroup
el ement coalQ@t iin@y t he hydrocygnation nedi geyhiopRb¥ERNtesS,

4 and 7. 5 11 rocess according to one of the
5precediH&Qﬂ@%ﬁh&Sp%@W&F§§Verize THPRMRAOIML BTS2t and

used f ol rgaaophosphduiest.ne |iquid/liquid extraction of

the catalyst and of the organophosphorus conpounds 10

present in the upper phase is chosen fromthe group

congi.st iPngoefsssasacatréingr imsé&fladat etl§, ahagieattiariged in

cycl oal i ti dnocarhons, di :

one of Fﬁgﬁprggg%iﬁgﬁg%alns, x%%g%%§§§§§%$§§g% igg?%gg +e
10t he cat sihpsenanfdrahetpe gahepRoSIMELFS Indgafdsthe compounds

extract gd dnn the rbilavidhli atidh@xiract i 08 $had® e means

recovered by _ evaporation of the extraction solvent.

20 13. PH§¥¥Es according to Claim 11 and O aim 12,

characterized in that the extraction solvent is

chosen fromthe group consisting of hexane,




hept ane, octane, cycl ohexane, cycl opentane and
cycl oheptane. 25 14. Process according to one of the
precedi ng clainms, characterized in that the nunber of
nol es of organophosphorus ti §@nds, expressed as
nunber of phosphoius atons, in the nediumfed to the
30 I|qU|d/I|qU|d extraction stage with r
netal ele ato S greater than 8. 15, @o:-
accor di ng pne he precedi ng cl ai
char acte in nonodent at e IlgaFd IS
conpound gsen from the group consi sting ‘of \
tri phenyl osphthD tritolyl phospk ?_gﬁd pP—0
tric nen¥y/pnosph|p 9 [
g

one e prfced

or ganophosphre or ganophosphi ni tes and
organophosphlnes 17. Process according to Caim1l6,
characterized jn that the bidentate organophosphorus
ligand is romthe group consisting of the
ol Lowi ng structures, in which Ph
Ph Ph\ O p\ p-O PPh2 PPh2

/
O/P\O O/P\o
é i L0

AW,

}:h Ph
& & PPh, PPh,
zf;

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

Lewis acid.
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18. Process according to one of the preceding clains,
5 characterized O1IOOP.OOP--Oin that the
catal ytic system conprises a pronoter or cocatal yst
conposed of a Lewis acid. = 20 -19. Process according
to Caim18, characterized in that the pronoter is
chosen fromthe group consisting of conpounds of the
el nt 5 Id b a,d |

?(@eVb %\r/IEEgIg]SVI %@&P(glw tolof Ctl#_llnperél odr%éla%a%’ter\.{ ed in
the El 6Bt s.tIFhe REQEMERUNGES ar 6hgeRer alftpisal e | giroup

parti cukahshakiifgs, cFuChxpRMay | des Otthénrom&eénts from

o pret g el lnsies gl menstes, 00 v, v,

al kyl suvphbnatest owvIddar f Idﬁ)raﬂi«ylaaﬁnpkbinat €Bable of the
hal oacet.at e er hal oace r yl :

phospha#gs %?F%C:;h%ﬁlcé§mé§%T%%r§%§sg%%%§a%T§ salts, in
f | uor oapetraties lamd hedrifdasor cacst stesshligrides or bromides,

f | uor oalg %»1?%%' gionat eéui\{ag‘ona% | uor %Mgm/pggﬂs%slﬁates,

20. Proces$ accordin char act er

t hat th@eE@\ml;@aééwdsuéP@I@@@éﬁsfrrorﬁlﬁheP@frc‘}L}ﬁ:ué@r fluoro-
Cons'Stbﬁ@y@%u&bﬁ%n@%b%r|dQn:ZlnﬁePfDﬁbQ@alKyD§ulphonates,

i odi de, nese chlorid manganese brom
cadn1unpgﬁp efe teSadmRfnht %%§ Eﬁ%ﬂnuﬁﬁﬁ£?§ﬁ%ﬁ?%% and

st annoughlospitades,st annadscsul phahépride, arylboranes,
fluorcacetates and perfluoroacetates,
fluoroalkylsulphonates and

perfluoroalkylsulphonates.

20. Process according to Claim 19, 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 Dbromide, stannous sulphate,
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,
terbium, dysprosium, hafnium, erbium, thulium,
ytterbium and lutetium, cobalt chloride, ferrous
chloride, yttrium chloride, triphenylborane,

titanium tetraisopropoxide and their mixtures.

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

unsaturated nitriles is less than 140°C.
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stannous tartrate, indiumchloride, indium25
trifluoronethyl sul phonate, indiumtrifluoro- acetate,

the chlorides or brom des of rare earth elenents,

such as | anthanum cerium prdseodym um neodym um
samarium europium gadolinium terbium dysprosiu ,
hafAr unFreFBREMR RIS B0 9R¢ ePbi CaRFIRENUNgLaims,

cobal t ghhektderikBH" QuS thehl Mhedin dtyddataLH e is a
tri phenil, borane, titaniumtetrai sopropoxide and theiy

mi xt ur e$1N93r MlocBEENSEESr di-hiP 3" Hhe COMPENALTEC @R B S 1N
20, 35febaracter szedrbbnt Babmkhe col utMm bott om
tenperature in the stage of distillation of the
unsaturated nitriles is | ess than 140C. - 21 22.

Pr 88essPaocesdi rcearaimg oftat helpimcetd ngcbhabpaterized in

CharaCtﬁﬁgéeghgnugEQEUEE%eHnﬁﬁEEEQEegsnEhgghﬁehénagrile.
| i near or branched al'i'phatic conpound conpri sing rom
3 to 8 carbon atons. 5 23. Process according to Claim

22p4chapagtesszedddrdilniattd hendingat what gk diddide &Bainms,
a pentenenitrile. 24. Process according to one of the

precedi RBRERSFRELZEE0 chRAr actt zedlen t RaFatkeic  system

cat al yt ke1aysbam soratbeare@coverfgbaf t enhiche staggeof of
i qui d/gi.?[ui.% ﬁxtra tion i,g sutp' ected .to di séi.l I gti on

of the &xfPAS(T3HUSS vert TR bR t om™ S enp&FRE §F&ESSY ©
this di giskiafromnobeiofg thesexthmrtikth 180Ferd5. the bottom
Processtgﬁ eEQ%ug@nQﬁ?CEHﬁg ié%foéﬂféic QPQ&”@%SS than

fromdiolefins, conprising a first stage o
hydr ocyaf8tFon of the diolefin to give unsaturated

25. 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.

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

the first hydrocyanation stage.

27. 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.
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20 nmononitriles, optionally an isonerization reaction

of the branched unsaturated nononitriles fornmed in

the first stage, and a second stage of hydrocyanation

of the unsaturated nononitril@8 to give dinitrile
ngounds according to one of 25 Clainms 1 to 24. 26. ,

Pr% essPEEEBFEI MFEDr IR mtos, CtabRack’er | SBATRAtELAREED 1D

the cat ahyst reeﬁéeredcétgnyghe UpP@&o@@ﬁé@ offi@@ the
settllnﬁﬁgta e is at gﬁu artially recycl ed

t he i soft¥fF? VPBﬁtFQECWF n&ﬁoﬁh@o qﬂ§f Gage is' fed to
hydrocyahatuwe&ﬁkﬁﬁg 23tafeocess atccor diheg thidhadMiquid
26, chara terézg %hat the catal yst recovered from

t he uppSF 5ﬁ5 835" ?g he settling stage is at |east
partially recycled in the isonerization reaction and
then in the first hydrocyanation stage. - 22 28.

Process according to Caim 27, characterized in that

the catal yst recovered fromthe hydrocyanation medi um

of the first stage is fed to the settling stage or to
the liquid/liquid 5 extraction stage.



