1 Process for the manufacture of dinitrile conpounds 5 The present
invention relates to a process for the manufacture of dinitrile conpounds by
doubl e hydrocyanation of an olefin. It rlelates particularly to a process
for the manufacture of dinitrile conpounds by double hydrocyanation of an
olefin present in a m xture of hydrocarbons, such as a petroleumfraction
and 10 nore partp t taa ierilEncyh he nane of
C4 fraction. A pr%gggg§$ g(r)i'tllhﬁeé nlgﬁyaigéure o?fmlmllbes |¢:6ggq$ cul ar of
adi ponitrile, by double hydrocyanation of a diolefin, such as
1, 3-but adi ene, is known and used industrially. However, to prevent the
formati on of byproducts and the need to provide nunerous separation stages,
the 1, 3-butadi ene 15 used must conprise very little in the way of
inmpurities. This butadiene is extracted froma petroleumfraction, referred
to ag C4 fraction, by an extractive distillation process. In order to avoid
t hese stages of separation and purification of butadiene, the proposal has
been 20Theastesdno ithichition kglates ¢o bipeodsds forathe meamubaechre lofi gimtrile xompeurk by double
hydr ocar bons conprising_ diolefins, such as butadiene, alkenes, in
particuﬂa@ﬂﬁﬂﬁ@ﬂ@§9féﬁﬁkﬁﬁkynes. Thus, according to Patent US 6 197 992, the
use of C 1 Xk f. hyd bans,i.s i f ek, . ] nyer
" the il PG, o4 BRERs, B tl” gRARALRLE &) pil BBARTLE 481
hydr ogertgﬁirwya@aarohioednmmpme@éﬁem whixtaRe sffhydytanoas Rads as 4 petbsielirh if@Btion and
Patent US 4 434 316 di scl oses a process for the hydrocyanation of a m xture
of Mydroemrmsdilasbryil apatiglaimofragtiondnawa valrithe samgieé Chrfpeties nakes it
possi ble to separate and recover the al kenes, which react nore slowly with
hydr ocyani ¢ acid. However, this docunent does 30 not disclose the process
for the Ageuess for@he nhuREQFIGE EniE@eR) fih phitituRir BF hdipbRitd 1816} QKM hedroéination
Finally, nunerous patents disclose various processes for the treatnent and
puri fi caafi olidefin, hwcicas 1.3-dutadiame, isnkprawn jand | used dedustriallye Hopbvery daareamt the
pr ocesset%nl;l%oncgp g%r%h@c?s Eng t}?el r@le'aet% p?rE)vitdQenu%érgunsesseparation stages, the 1,3-butadiene
15  used must comprise very little in the way of impurities.
This butadiene is extracted from a petroleum fraction, referred to as C4 fracticn, by an extractive

distillation process.

In order to avoid these stages of separation and purification of butadiene, the proposal has been
20  made to directly use the C4 fraction and thus a mixture of hydrocarbons comprising diolefins, such

as butadiene, alkenes, in particular butenes, and alkynes.

Thus, according to Patent US 6 197 992, the use of such a mixture of hydrocarbons 1s possible after
having converted, in the mixture, the alkynes and the 1,2-dienes or allenes by a selective

25  hydrogenation carried out on the mixture of hydrocarbons.

In addition, Patent US 4 434 316 discloses a process for the hydrocyanation of a mixture of
hydrocarbons comprising diolefins and alkenes. The process makes it possible to separate and
recover the alkenes, which react more slowly with hydrocyanic acid. However, this document does

30 not disclose the process for the recovery of the products comprising a nitrile functional group.

Finally, numerous patents disclose various processes for the treatment and purification of the C4

fraction, in particular selective hydrogenation processes for converting the alkynes or the allenes



2 into al kanes or al kenes which are not troubl esone in the hydrocyanation
process, at least froma chemcal viewpoint. One of the ains of the present
invention is to provide a process for thé& manufacture of dinitrile 5
conpounds by doubl e hydrocyanati on of a m xture of hydrocarbons w t hout
prelimnary treatnment, in particular a m xture of hydrocarbons conprising
di ol ef i nstoaaiklancs wpalkedes which aae natl kguhdesonEaintthe dydnodyanatien processt iabkeaghr foarh des
a process for.the manufacture of dinitrile conpounds by double

hydr ocy &REFHGhVEPPS ™Y xt ure of hydrocarbons conprising at |east one diolefin
and al kynes, 10 characterized in that it consists: in carrying out a first
hydr ocyanati on of the diolefins by reaction between the m xture of

hydr ocarGumef thechitng of dlesy present dovention i$ e prvekenpmceds far ¢l elapfactusy of dmitrile

conprising a tal i the zero.oxidation state and an or ganophosphor us
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first stream PNl, a second hydrocyanation”in the presehce of yani c
acid and a catalytic systemconprising a netal in the zero oxidation state,

an orgapophosphqrus ligand and a Lewis acid, jin at ast_ partially
separ at i%ﬁllwddﬁ@mqunapp Brevidase maeeéﬁigrtg%alaaﬁ@a@m%fiﬁﬁalt%ketwmpagn@nbyo@wé}e

For mod 1 Do SRRoR g 3 RERCDE nval RePRE KPRk S Radl DG RIERTARH Moomes

sol vient dharaotegieed iInathitdr comists: r st stream of dinitriles DNI, in jointly
feeding the said streans PN2 and DNl to a distillation stage in order to
produce % imparyipgcut anfirst hydrasyanatiag afhibe shelgfiso by anectipndbeiwpen thenirixtarst ¢lon

Feedi ng. 1 nEVEOPEBPblot BT agfn SRR BHE 8T Riblos SRR IR ipe e in
separat e t ke zerdsdtationt stale Bhd i bipanopheEHORMEs 18gah@p fraction F2, fromthe
dinitriles, formng a bottomfraction

e in separating the linear unsaturated nitriles from the reaction medium in order to form a first

15 stream PN1,

e in carrying out, on this first stream PN1, a second hydrocyanation in the presence of
hydrocyanic acid and a catalytic system comprising a metal in the zero oxidation state, an
organophosphorus ligand and a Lewis acid,

e in at least partially separating, by distillation, the unconverted unsaturated nitriles in order to

20 form a second stream PN2,

e in separating the dinitrile compounds formed from the catalytic system by a liquid/liquid
extraction with a solvent in order to form a first stream of dinitriles DN1,

¢ in jointly feeding the said streams PN2 and DN to a distillation stage in order to produce a top
fraction F1 comprising the said solvent and a bottom fraction Q1 comprising the dinitrile and

25 unsaturated nitrile compounds,

o in feeding the bottom fraction Q! to a second distillation stage in order to separate the
unsaturated nitriles, forming a top fraction F2, from the dinitriles, forming a bottom fraction
Q2,

e in feeding the bottom fraction Q2 to a stage of purification by distillation in order to remove the

30 products with higher boiling points than that of the dinitriles (compounds referred to as “heavy
products”) and the branched dinitriles in order to obtain a fraction comprising the pure linear

dinitrile.



@, in feeding the bottomfraction 2 to a stage of purification by
distillation in order to renove the 30 products with higher boiling points
than that of the dinitriles (conpounds referred to as "heavy products") and
the branched dinitriles in order to obtain a fraction conprising the pure
linear dinitrile. 3 The term"m xture of hydrocarbons” is understood to
mean mi xFher tesmcompturs efghdrodashons” anandersiop@ ftp imogn onxthreseepmArisys ot bdast ous

o1 kenes ettt i i pBAHE oF flral E aitle B Rhap g AP Y BrosBnSE Rhetps,
obt ai neohui(ﬁ]eg,rm(&l@g,rm@ﬁesfdr@q{ejr@ns, referred to as petroleumfractions,

during oil refining operations. In the preferred enbodi nent of the
i nvention, that is to say the preparation of adiponitrile, the preferred

traql f ti is. the f ' f A the C4 ti '
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the 1, 3-%%19550@%%@@1%?&?@Opgrgti@,gi_ ponitrile. The process for the
a

doubl e hydrocyanati on of diolefrn consists, in a first stage, in adding a
cyano dnahp prefeged embodimenti o thd invientear, that isrtarsahelle prepatatipatodcadiponitrile, the
mononitriles, .such as pentenenitriles or . nethyl butenenitriles in the case

of the wa@a&@&w&pkaﬁl CHiRR &tiitlen Factien A‘#ﬁﬂifi .&rﬂs Eie4 rigotian 2.1 gogprises
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unsatiour addipmitate.t he nononitriles. These hydrocyanation reactions are
carried out in the presence of honbgeneous or heterogeneous 20 catalytic

systens. Generally, the catalytic systens used are based on netal conpl exes

of nic kefheggf{oﬁ’éss P& th@qb%\gh&%lﬁf% LEGNOPRARR &bﬁlsfﬁ{sgﬁpgﬁrst §tldg£! iff2dding a cyano

or ganophosphites, organ I'tes, organophosphohites or
group to give a mixture of linear or branched unsaturated mononitriles, such as pentenenitriles or

methylbutenenitriles in the case of the hydrocyanation of butadiene.

15
Among pentenenitriles, 3- and 4-pentenenitriles are the compounds which will result in adiponitrile
in a second hydrocyanation stage with addition of a second cyano group to the unsaturation of the
mononitriles.
These hydrocyanation reactions are carried out in the presence of homogeneous or heterogeneous

20  catalytic systems.

Generally, the catalytic systems used are based on metal complexes of nickel or of palladium with
organophosphorus ligands, such as organophosphites, organophosphinites, organophosphonites or
organophosphines, these being mono- or polydentate.
25
Such ligands and catalytic systems are disclosed in numerous patents, such as, for example, French
Patents 1 544 656, 1 544 658, 1 589 943, 1 590 300, 1 590 300, 1 593 627, 1 599 627 and
2 196 326. The process comprises, in addition to the two hydrocyanation stages, an isomerization
stage carried out in the presence of the catalytic system described above but in the absence of
30  hydrocyanic acid, as disclosed in French Patent 1 589943, for example. In this stage,

methylbutenenitrile is isomerized to give 3- or 4-pentenenitrile.

The second hydrocyanation stage is generally carried out in the presence of a promoter, such as a

Lewis acid. Zinc chloride is the Lewis acid preferably used, in the same way as triphenylborane.



or ganophosphi nes, these being nono- or polydentate. 25 Such |igands and
catalytic systens are disclosed in nunerous patents, such as, for exanple,
French Patents 1 544 656, 1 544 658, 1 389 943, 1 590 300, 1 590 300, 1 593
627, 1 599 627 and 2 196 326. The process conprises, in addition to the two
hydr ocyanati on stages, an isonerization stage carried out in the presence
of the Qhimdrptd staggssfoethedeparatibedndipovifcdtioh ofithe verialxs prodecte fars3@mploged dy drei C
acid, as disclosed in Frenc 2;éent 1 589 943, faor exanple. In this stage,
met hy| bUPFGEhior fhe manufaqarg s theapitils cgmpeungs byrhydrocyapatice atedielghinThe second

hydr oc i ' ] | ter,
Stch as TS, 8IEbERE of ydBSE Ry AL R IchR ahd o A g e B
t he sanelissdiatias ot flaghirgny| bor ane. 4 Nunerous stages for the separation and

purification of the various products are enployed in the process _for the
manuf actliheenigtle (qomnounds prel aibsedusaiin fepByted i dhesataldie ssten dyotisilation or

Thus, at atsﬁggﬁﬂ%kﬁ%lggt‘;baeﬁ%e%ﬁl%t,ogﬁ?fﬁtagt{op t he unreacted diolefin and the

hydr ocarbons=are se on or flashing. 5 The nitrile
conpounds are subsequently separated fromthe catal ytic system by
distillation or flashing, the catalyst being recycled to the reactor.
Advant agediastageoushit tharpeesss cemppses sessparaierply distibatianofthe lingar anpasuragsd nitides

i near unsaturated.nitriles .and, of~the branched unsaturated nit.riles. The
ot ror Ao Hielsiioh bhishEien ELS PAI A RE SR uct SRl o 8B ot o
nitrigles (PN1 stream are introduced into a second hydrocyanati on reactor.
At the outlet of this second reactor, the unreacted nitriles are separated,
at | eastThedineanispturgppd neftidesi(PNAtstieamp eref introdivaed into 4 sscond hydnoeyanatipn reactor.

t itril PN2. 15 Af t hi t.j th initril d
re sepdiatecpitieh pf ' xpaf pttelots e iR AT dresrragtied &lepdRRBRR e
W th a sRtNRRbn 6f 1N OBTIANE skyRe of Afsafiirt6d %EMs PNOr exanple, in French
Patent 2 113 471. The streamconprising the dinitriles, referred to as DN,

I's introduced

15  After this separation, the dinitrile compounds are separated from the catalytic system in a
liquid/liquid extraction stage with a solvent of cyclohexane type, as disclosed, for example, in
French Patent 2 113 471. The stream comprising the dinitriles, referred to as DNI, is introduced
into various purification stages in order to extract the solvent residues, the unsaturated nitriles and,
finally, the nonlinear dinitriles and various byproducts.

20 The stream of nitriles PN2 is, according to the invention, mixed with the stream DNT1 at one of
these purification stages, preferably before the stage of separation of the unsaturated nitrile
compounds and more preferably still before the column for separation of the solvent used in the

liquid/liquid extraction, as indicated below.

25  According to one characteristic of the invention, the purification of the stream of dinitriles DNT1 is
carried out, in the first place, in a column which makes it possible to separate the solvent from the
nitrile compounds, the stream PN2 of mononitriles being fed in conjunction with the stream DN1
to this stage of separation of the solvent.

The bottom fraction Q1 comprising the dinitrile and unsaturated nitrile compounds is then fed to a

30  second distillation stage in order to separate the dinitriles from the unsaturated mononitriles. The
latter, present in the top fraction F2, are advantageously recycled, after separation of the conjugated

unsaturated mononitriles, to the second hydrocyanation reactor.



into various purification stages in order to extract the solvent residues,
the unsaturated nitriles and, finally, the nonlinear dinitriles and various
byproducts. 20 The streamof nitriles PNZ is, according to the invention,
mxed with the stream DN1 at one of these purification stages, preferably
before the stage of separation of the unsaturated nitrile conpounds and
nor e pr dheomb leynbsdintent df the einvitican | themsep aatise per thiei srivaat dnde of ahe ambatusésd
in the I|qU|d/I|qU|d extraction, as indicated_ bel ow, 25 Accorg%ng to one
char act SRRYitalGScaR AR CaRgd AR 187, Sinalecofurms eiged ghths e RRlumms axfssTibed above.
dinitriles DN1 is carried out, in the first place, in a colum which nmakes
It possible to separate the solvent fromthe nitrile conpounds, the stream
PN2 of rRimaihy, theilirear dieitrilgs fsadh hsadipopittile foamingithdibdtivgn ﬁhct&ﬁlrmwe retoverdd B a
stage of separation of the solvent. The bottom fraction sing the
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distill n order to separate the dinitriles fromthe unsaturated
nDnonlt%%%ﬁggﬁ#%gﬁupatter present in the top fraction F2, are

advant ageousl y recycl ed, after separation of the conjugated unsat ur at ed
mononitriles, to the second hydrocyanation reactor. 5 1In one enbodi ment of
the i nveFhei processhef ﬁ@pawgnmm mgkes he PQ%ﬂlblertt) ued apfsoutse afndiatafings édmlxture of

nononi tril.es can be ¢ i ed qu n_a;sing ead of .th
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distillation stage in order to separate the’linear dinitriles fromthe

br anched: @i4nifragtidnewhichueémpmses npropyregbuthatymei thd laster, Thie tpmeusdonofwillhproduce

i nventign _nmgk it p 0 ,U ce, of diolef xture of
nyelr oc arBBRESEREe A RS R atte.CiEhe Thk sotmatidsive Bp Dingatinls Shich
these CQﬂPB&ﬂQ&aﬂw&@aﬂ%@%ﬁﬂ&mﬁﬁﬁthh%aBH%%ﬁﬂﬁﬁn&E the hydrocyanati on
catalytic system can trinerize. Thus, in the case of a C4 fraction which
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trinmgth ene d trieth ene (TEB conpounds have
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di ni trilg§cess, the pentenenitriles devoid of byproducts of TMB and/or TEB type as the latter will remain

in the fraction comprising the dinitriles. This is because, in the column for separation between the
dinitriles and the mononitriles, the trimerization products will be found in the bottom fraction, that
is to say in the fraction comprising the dinitriles. Thus, the unsaturated mononitriles which are
20  recycled to the second hydrocyanation reactor will no longer comprise trimerization products. The
latter will be bled off and separated from the dinitrile compounds in one of the stages for the
purification of the dinitriles.
The process of the invention thus makes it possible to remove the trimerization products while
preventing their accumulation in and recycling to the second hydrocyanation reactor.
25
The process of the invention thus makes it possible to use, as starting material, a mixture of
hydrocarbons comprising at least one diolefin and other compounds, such as alkynes.
In the case of the manufacture of adiponitrile, an important chemical intermediate in the
manufacture of monomers of polyamides, such as hexamethylenediamine or caprolactam, the
30 process of the invention makes it possible to use unpurified butadiene, in particular comprising
alkynes. This result is important from an economic viewpoint as the separation of the alkynes and

of the butadiene requires distillation stages which are difficult and expensive in capital costs.



According to the process of the invention, as the nononitriles of the PN2
streamare mxed with the 15 DNl stream it is possible to recover, for the
pur pose of recycling themin the hydrocya&nati on process, the
pentenenitriles devoid of byproducts of TMB and/or TEB type as the latter
will remain in the fraction conprising the dinitriles. This is because, in
t he col Uihe process eyfahainventitre tave eompise ottiemstagesl whichndaltehg possiblei inr paresulart foe
trimerization products will be found in the bottomfractjon, that i%_to say
in the fEREaiedhe exliapdt ditagxirad the patalystiresiduespygsent Pithg ﬁglaé) €9TEL §Bch as the metal
nononi trgl es Wkeh afifqdttL ecycl ed to the second hydrocyanation reactor will
no | onger conprise trinmerization products. The latter will be bled off and
separated fromthe dinitrile conmpounds in one of the stages for the
purification of the dinitriles. The process of the invention thus nmakes it
possishl elhedreeespokthe frventpmiws makpoi ppssihlada usenps starting meajesials o thvmpnufacture
accunul afg i n.and. I e . i.on.: o] h
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ot her conpounds, such as_ al k%nes. In the case of the manufacture of

adi poni tariafier pariial ppofieation. eralit isrmod meeesisanyetoi ¢armyheut Frawbficationria afler to
nononer s _of | yam des, such.as hexangt hyl enedi am ne or caprolactam the 30
process a?tﬁﬁe glﬁﬂ%ﬂn&q?uﬁﬁ%ggmit{fxs%gg@bl e to use unpurified butadiene, in
par tjgcul ar conprising al kynes. This result is inportant froman econom c

vi ewpoi nt as the separation of the alkynes and of the butadi ene requires
di sti | | #Pthen advtaatpgss whd cletasls eofcthé fincankion awidl kogoenesélealy mpragittial the dsghd .ofGan

The process ,of the jnvention can c ri se other stages i ch ke it

poss, bl ETRIPAAFLEE HOps oL S PATE R RGPl Py e 1 e tedle ereiled ey
resi duesy RiE@LIblobl dfaBRinP6f the pfRES8 ofINCIAVES dn 1S rdPRésthted €l €ment in the

oxi di zed state. 5 The process of the invention thus makes it possible to

use, as starting materials for the manufacture of adiponitrile, mxtures of
hydr gcar pons,.conpri si but adi.ene and. in particyl.ar, the C4_petrol eym

1Y 2k o OBl BHoTe RRLCRGR o) Setayatien. 3 RREHICGH Hodrpenbors GTTiA & CeRytroleum
wi t hout prebi M RAMY o KRRSEBRAStion reactor 1 with hydrocyanic acid. The reactor is a conventional

reactor for carrying out a reaction under pressure at high temperature. The catalytic system used is,

in the example of the invention, a complex of nickel in the zero oxidation state with triphenyl
phosphite.

20
The conditions of this reaction are disclosed in the literature, for example in the abovementioned

patents and Patents EP 1 344 770 and US 5 981 772.

The reaction medium is withdrawn from the reactor 1 and the unconverted hydrocarbons are

25  separated in a column 2.

The stream comprising the unsaturated nitrile compounds 1s fed to a flashing column 4 which
makes it possible to separate, at the bottom, the catalytic system, which is recycled to the reactor 1
via the pipe 3, and, at the top, the organic compounds, in particular the unsaturated nitrile

30  compounds.

The stream comprising the mononitrile compounds is advantageously fed to a distillation column 5

in order to recover, as top fraction, the branched unsaturated nitriles, such as 2-methyl-3-butene-



or after partial purification. However, it is not necessary to carry out a
purification in order to extract the al kyne conpounds fromthis fraction.
10 O her advantages and details of the iAvention will becone clearly
apparent in the light of an enbodi nent of the process of the invention
produced with reference to the single appended figure in which a block
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enbodi ment _of the invention,. 1 xture of h arbons formng a C4
pet r ol edPeTERgRITSPT penisge H%S’ngﬂmg%ﬁﬁﬁégéﬁfeact or 1 with hydrocyanic
acid. The reactor is a conventional reactor for carrying out a reaction

under pressure at high tenperature. The catalytic systemused is, in the
exanpl e Tife lather sireare nt fed o the seomd| hydropfyamitiok e¢acton 6t he zero oxi dation state

with triphenyl phosphite. 20 The.conditions of this.reactio r.e. di scl osed
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react or unconverte rocarbons are I'n a colum

The str eahFRONPEI 84N1g t he unsaturated nitrile conpounds is fed to a flashing
colum 4 which makes it possible to separate, at the bottom the catalytic
syst em Migicakplyte systepcnsed m 8us semerzatiog stage 1s,adyantagequshieidgnticah e that useddn thep,
t he orgqg&&orclogp%rﬂgt )Ldﬁloc%ﬁétloﬁuslt the unsaturated nitrile 30 conpounds.

The stream conprisi ng}% e nonitri-l'e conpounds i s advantageously fed to a

di stiol | afHeaBactdnuhedibm resuligd fomt the i R@rREtioraRaétop7 fig fashedin otdee td cepaedie che
unsaturated nitriles, such as 2-nethyl-3-butene 7 nitrile (2M3BN), and, as
bot t om friEde josgAniq wemppyrdsr froms sheu caplyst. niher pitislec enpRAigs  reeqyeredagre fed to a
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the unconjugated nitrile compounds as bottom fraction. This bottom fraction is conveyed to the
feed of the column 5 for separation of the linear nitriles and branched nitriles.

15
At the outlet of the second hydrocyanation reactor 6, the reaction medium is subjected to a

distillation stage 9 or flashing in order to separate the unconverted mononitriles, collected as top

fraction and forming the stream PN2.

20  The bottom fraction comprising the dinitriles and the catalytic system is fed to various separation
stages, including a liquid/liquid extraction 10, in order to separate the dinitriles from the catalytic

system and to recover the latter after separation from the solvent 15 for recycling via the pipe 16.

The liquid/liquid extraction is carried out in the presence of a hydrocarbon solvent which makes it
25 possible to extract the organometallic complex. Mention may be made, as suitable hydrocarbon

solvent, of cyclohexane.

The phase comprising the dinitriles and a small amount of solvent, forming the stream DNI, is,
according to the invention, mixed with the stream PN2 of mononitriles recovered at the outlet of

30 the separation stage 9.

This mixture is fed to a distillation column 11 in order to separate, as top fraction F1, the residual

solvents, such as the cyclohexane.



5 The stream conprising the branched nitriles is fed to an isonerization
reactor 7. This isonerization reaction is carried out according to the
conditions disclosed, for exanple, in Pagents US 5 981 772 and FR 1 589
943. The catalytic systemused in this isonerization stage is advantageously
Identical to that used in the reactor 1 for the first hydrocyanation stage.
10 The rERchitpm fRdticinQlesdfdd tg af fusthed ARtillsKore colamini 1QNi edlet @6 récdver,fdsamped
in order to separate the_ nitrile organic conpounds fromthe catal yst. The
nitril e frasHpliddbe monenilitlesand: as betiprp fragtioryQ3the fiitridss: stage 8 in order to
separate . n | t Ltrtle s from-the
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and branched nitriles. 15 At the outlet of the second hydrocyanati on reactor

6, the reaction nediumis subjected to a distillation stage 9 or flashing
I n orderto separate t uncanverted nmonpnitriles, collected as, t .
fract | o Ts G frirgon R RPASHE MOmoBRHIE (BB atreERacs st e gnation
di ni trilegi@viaiee 5136 2l MieChANSE BN shbfeRfbdltd aAUifRHSorSRPEY Aldralt toSERABES the
including a liquid/Tiquid extraction 10, in order to separate. the
di ni t ri Inesnohitrites twigclt atradoy be ecnhancsd emvalwd to give edipemitrilaesuchtas &-paftérenitrile or
separatiop fromthe solvent 15 for recycling via the pipe 16. The
|i qui d/ IRt e%t raction is carried out in the presence of a hydrocarbon
sol ygnt which makes it 25 possible to extract the organometal |ic conplex.
Mention may be nade, as suitable hydrocarbon solvent, of cycl ohexane. The
phase cdiprsteamgQ?2 kemgiising ithd dmitailed ia ssbsehjlicrplyofadtto afpusidicetnt stagot4rivhicht dan
stream DNI, is, according to.the invention, mxed with the stream PN2 of
Tononi t KPRIESS SEYiel e IO Eo uRTEs eraged Bosaics Waph makey At ppssile 9o reepvsT 2
m Xt ure 4.5 o [N b N i t
fract] on BOF ionbriie, e bieLhol D oot 8, PaEIpR-EFRAIE! fod e Rblucts
resulting from the trimerization of the alkynes (TMB, TEB) and a fraction comprising the linear

15  dinitriles, such as adiponitrile.

The process of the invention thus makes it possible to remove, as effluents, the products from the
trimerization of the alkynes introduced with the mixture of hydrocarbons or any other product with
a boiling point between those of the nitriles and the dinitriles.

20
A test was carried out in which a mixture comprising adiponitrile, methylglutaronitrile, 3-pentene-
nitrile, cyclohexane and trimethylbenzene (TMB) is fed to the distillation column 11. The
concentration by weight of the TMB is 0.1%. This mixture is fed according to a flow rate of
640 g/h.

25  The top fraction of the column 11 is composed of cyclohexane and does not comprise TMB.
The bottom fraction comprising the TMB is fed to the column 12 for separation of the
mononitriles, in particular 3-pentenenitrile.
The top fraction recovered in the column 12 1s composed mainly of 3-PN. The concentration by
weight of TMB is 0.0005%.

30 The bottom fraction, comprising the dinitriles, is fed to the column 14 for separation and
purification of the linear dinitriles. The top fraction, comprising in particular the branched
dinitriles, also comprises TMB. The amount of TMB recovered in this top fraction represents

substantially all of the TMB introduced into the column 11 (99.9% of the amount introduced).



The bottomfraction QL is fed to a further distillation colum 12 in order
to recover, as top fraction F2, the nononitriles and, as bottomfraction
@, the dinitriles. According to the invention, the compounds fromthe
trimerization of the al kynes, such as TMB or TEB, are also recovered in the
bottomfraction 2 conprising the dinitriles. 5 Thus, the top fraction F2
conpri siordohie, tHePeJteds! df (BS ifRAtiditcaneonfrRE oftRr kAGeSPE étrdnd aae Yan At dtn of
reactor 6 via the pipe 17 after having been subjected to a purification in
13 i n othtevariops stesamsevitinut, anghadracequnt. alspeuting Hrosa thesconseofdhthmveritbn. n val ue to
gi ve adiponitrile, such as 2-pentenenitrile or valeronitrile. 10 The stream
@ conprising the dinitriles is subsequently fed to a purification stage 14
whi ch can conprise several distillation colums arranged in series which
makes it possible to recover a fraction conprising the branched dinitriles,
such as 3-nethylglutaronitrile, and the products resulting fromthe
trimerization of the alkynes (TMB, TEB) and a fraction conprising the |inear
15 dinitriles, such as adiponitrile. The process of the invention thus makes
it possible to renove, as effluents, the products fromthe trinerization of
the al kynes introduced with the m xture of hydrocarbons or any other product
with a boiling point between those of the nitriles and the dinitriles. 20 A
test was carried out in which a m xture conprising adiponitrile,

met hyl gl utaronitrile, 3-pentene- nitrile, cyclohexane and tri nethyl benzene
(TMB) is fed to the distillation colum 11. The concentration by weight of
the TMBis 0.1% This mxture is fed according to a flowrate of 640 g/h.
25 The top fraction of the columm 11 is conposed of cycl ohexane and does not
conprise TMB. The bottom fraction conprising the TMBis fed to the colum 12
for separation of the nononitriles, in particular 3-pentenenitrile.



The top fraction recovered in the colum 12 is conposed nmainly of 3-PN. The
concentration by weight of TMB is 0.0005% 30 The bottom fracti on,
conprising the dinitriles, is fed to the d8lum 14 for separation and
purification of the linear dinitriles. The top fraction, conprising in
particular the branched dinitriles, al sg L‘Iogri ses TMB. The anount of TMB
recovered in this top fraction represen A stantially all of the TMB

i ntroduced into the colum 11 (99.9% of the anobunt introduced). 9 O
course, the process of the invention can conprise other stages for

separ at i on Brudegufor fthe atanofacwite of dimitvikr coosouats bridsuble thydtdcyamution dita mixture of
account, de a(g{ti ng fromthe sc?pe of the invention. 10 CLAINMS 1. Process
for the manBYHEEaPRNFORRHIRG 3t east asEa apg abkynen. sharpeipazagldn shat Hrsopsisty;

m xture of _hydr rho C ELSLN .| ’ iglefin:a | S,:

char acter1 z8d T PRI PR £HREyPloRSation ST Rfsms o b dioPoteRie BEuure of

of the diol ef ifysrduarices@hd BRdeyReacil e theipidseiic difa cdidl fliOSRIROSMBHKhg a metal
hydrocyanic acid in the (gr esence of a catalytic system conprising a netal

in the zero oxnhdza rn oxidatien siats aad apogeaiephppervs isand,gand, in separating
the linear unsaturated nitriles fromgthe.reaction nmedi umin order to.form.a
(st ot redm PRESHGE T Hogpr ispG Tt MR BRmdht TPeuoL Pbi PrgTderdS Suguh .
hydr ocyanat i ongjeRmtig1 presence of hydrocyanic acid and a catal ytic system
conprising a metal in the zero oxidation state, an organophosphorus Iigand
and allLew seadndcarryimg Sepasathindibt stmeanh@Nleac sécond dracyendtipndinsthiel pragence of
the unconverted unsaturated pitrites in order . to forma second stream PN2,
15 in separ atPHgoOcyRRICtas ek R IR G MRS mtqléné%%ar?ag{aflw fag, an

fromthe cat a'éé%%r?ofph%é’pﬁo?ﬁ@lﬁ%’an? mhag’ﬂe%% Acq&li d extraction with a solvent in
I 0

order to forma St strea initriles’ DN,
s in separating from the reaction medium, by distillation, the unconverted unsaturated nitriles

in order to form a second stream PN2,
15 s in separating, in the reaction medium, the dinitrile compounds formed from the catalytic
system by a liquid/liquid extraction with a solvent in order to form a first stream of dinitriles
DNI1,
e in jointly feeding the said streams PN2 and DNI1 to a distillation stage in order to produce a
top fraction F1 comprising the said solvent and a bottom fraction Ql comprising the
20 dinitrile and unsaturated nitrile compounds,
e in feeding the bottom fraction Q1 to a second distillation stage in order to separate the
unsaturated nitriles, forming a top fraction F2, from the dinitriles, forming a bottom fraction
Q2,
e in feeding the bottom fraction Q2 to a third distillation stage in order to obtain a fraction
25 comprising the linear dinitriles and a top fraction comprising the compounds with lower

boiling points than that of the linear dinitriles.

2. Process according to Claim 1, characterized in that the mixture of hydrocarbons comprises
diolefins, more particularly butadiene.
30

Process according to Claim 1 or 2, characterized in that the mixture of hydrocarbons i1s a C4

I

petroleum fraction.



injointly feeding the said streans PN2 and DN | to a distillation stage in
order to produce a top fraction F1 conprising the said solvent and a bottom
fraction QL conprising the 20 dinitrileland unsaturated nitrile conpounds,
in feeding the bottomfraction QL to a second distillation stage in order to
separate the wunsaturated nitriles, formng a top fraction F2, fromthe

di ni tril4s Précssrac@rding od boerof tircirecsding(@aims| charesetized ihhRatthe solvedtnaed irdthe
Q@ to athird distillation stage in order to obtain a fraction 25

conpri si ng lianisl/iquné gxtrantion stage eschesen Gomdke group eowmstagaiicyelohgranhe conpounds
with lower boiling points than that of the linear dinitriles. 2. Process
according to Claiml, characterized in that the m xture of hydrocarbons
conpri ses pdbQls€héddtding® endaf Cldmk artb ¥, bhdrade®na. in IatIhe PeRELRSd BCERESH A6m
to Caim1l or 2, characCterized in that the m xture of hydrocarbons is a C4
petr 8l eum fthegtonp eonsistingdf zeohdersleznd dnplienyglbornene of the precedi ng cl ai ns,
characterized in that the solvent used in the liquid/liquid extraction stage
is chosen fromthe group consisting of cycl ohexane. 5. Process according to
one of Clains 1 to 4, characterized in that the Lewis acid is chosen from 5
the group consisting of zinc chloride and triphenyl borane.





