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
hydr ocyanati on of an ol efin. It related particularly to a process for the
manuf acture of dinitrile conpounds by doubl e hydrocyanati on of an olefin
present in a mxture of hydrocarbons, such as a petroleumfraction and 10
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fraction. A process e manufacture o Initriles, ticul ar of

adi ponitrile, by double hydrocyanation of a diolefin, such as 1, 3-butadi ene,
I's known and used industrially. However, to prevent the formation of
byproducts and the need to provi de nunerous separation stages, the

1, 3- but adi ene 15 used nust conprise very little in the way of inpurities.
This butadiene is extracted froma petroleumfraction, referred to as C4
fracti on, by an extractive distillation process. In order to avoid these
stages of separation and purification of butadiene, the proposal has been 20
made t o The gretdny inveatidineeléids to agirocess fordhe memubactar ofidéniteile bypowris hyndouble
conprising diolefins, such as butadi ene, al kenes, in particular butenes, and
al kynes.hydrogyaaatiog ol @R@1si8- t o Patent US 6 197 992, the use of such a nixture
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di scl oses a process for the hydrocyanation of a m xture of
10  more particularly still a petroleum fraction known under the name of C4 fraction.

A process for the manufacture of dinitriles, in particular of adiponitrile, by double hydrocyanation

of a diolefin, such as 1,3-butadiene, is known and used industrially. However, to prevent the

formation of byproducts and the need to provide numerous separation 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



hydr ocar bons conprising diolefins and al kenes. The process makes it possible
to separate and recover the al kenes, which react nore slowy wth
hydrocyani ¢ aci d. However, this docunent 2Zdoes 30not di sclose the process for
the recovery of the products conprising a nitrile functional group. 2 into
al kanes or al kenes which are not troubl esone in the hydrocyanati on process,
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prelimnary treatnment, in particular a m xture of hydrocarbons conpri sing

di ol efi ns and conpounds such as al kynes. To this end, the invention
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the zero oxidation state and an organophosphorus ligand,

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.



injointly feeding the said streans PN2 and DN1 to a distillation stage in
order to produce a top fraction FI conprising the said solvent and a bottom
fraction QL conprising the dinitrile and 25unsaturated nitrile conpounds,

in feeding the bottomfraction QL to a second distillation stage in order to
separate the unsaturated nitriles, formng a top fraction F2, fromthe
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10  adiponitrile.

The process for the double hydrocyanation of a diolefin consists, in a first stage, in adding a cyano
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.



The process for the double hydrocyanation of a diolefin consists, in a first
stage, in adding a cyano group to give a mxture of |linear or branched
unsaturated mononitriles, such as pentendnitriles or nethylbutenenitriles in
the case of the hydrocyanation of butadi ene. 15 Arong pentenenitriles, 3-
and 4-pentenenitriles are the conpounds which will result in adiponitrile in
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hydr ocyanati on stages, an isonerization stage carried out in the presence of
the catal ytic system descri bed above but in the absence of 30 hydrocyanic
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by hydrocyanation of a diolefin. Thus, at the outlet of the first reactor,
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t he reacdi@ltation or flashing to form a stream of unsaturated nitriles PN2.

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.



Advant ageously, the process conprises a separation by distillation of the

| i near unsaturated nitriles and of the branched unsaturated nitriles. The

| atter are introduced into an isonerizatison stage. 10 The |inear unsaturated
nitriles (PN1 streanm) are introduced into a second hydrocyanation reactor.
At the outlet of this second reactor, the unreacted nitriles are separated,
at | eastlnpedd ieabbgtimeny ofi thti invemticon the debaatiomeft thef svlvend @idr efinthe funsaturated
unsat ur at ed ni_iri les PN2. 15 After this separation, the dinitrile conpounds
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unsaturated nononitriles, to the second hydrocyanation reactor. 5 In one
enmbodi mefxtcooding kethe prasassi afiihe inventswyp as theimoenonitritey of thel RNhstreamdare inik éewith the
unsafur ghed mononi trilesucan be carpief out in 2 singl e col umy, jnstead of
process, 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.



Finally, the linear dinitriles, such as adiponitrile, form ng the bottom
fraction Q2 are recovered in a 5distillation stage in order to separate the
linear dinitriles fromthe branched dinit®riles, such as

met hyl gl utaxonitrile. The process of the invention makes it possible to use,
as source of diolefins, a mxture of hydrocarbons conprising in particular
al kyne chirpmocas.of The snveatitre cani semphisesethen stpgesndhich fialter o yghtibleninoparbenlar to
presence of the hydrocyanation catalytic .system can triperize. Thus, in the
case of sgpaateitheedtplyst QP exiredihs raldystgrapissereenhin thasolid frm. suehops thgymetal
trimeri Lon. L trinmet hyl benzene (TMB) and triethyl benzene
(TEB). ﬁé&é&l@&%g&h seg%alt%g boiling points which are between those of the
unsaturated nitriles and the dinitriles. According to the process of the
invention, as the nononitriles of the PN2 streamare mxed with the 15 DNl
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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-



6 The process of the invention can conprise other stages which nmake it
possible in particular to separate the catalyst or to extract the catal yst
resi dues present in the solid form such7as the netal elenent in the

oxi dized state. 5 The process of the invention thus makes it possible to
use, as starting materials for the manufacture of adiponitrile, mxtures of
hydr oc amitoites (RMABN)siand, butbattomnactivd, ithe diaear sudaturatedh eniGie peompoiuedsy such as

fractio r oduc industrially. This fracti can be used directly
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react or ahdMR h58y84Dcyani ¢ acid. The reactor is a conventional reactor for
carrying out a reaction under pressure at high tenperature. The catal ytic

syst em udEFatadytic sysiepeussd apflisisgmerirrion fagads advantageqshi Wential o thriwsed an thee
zero oxi ey t i j phosphite. 20 The conditions of this
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unsaturated nitrile 30 conpounds. 7 o o
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.



nitrile (2M3BN), and, as bottomfraction, the linear unsaturated nitrile
conpounds, such as 3-pentenenitrile or 4-pentenenitrile, formng the stream
PN1. The latter streamis fed to the secgend hydrocyanati on reactor 6. 5The
stream conprising the branched nitriles is fed to an isonerization reactor
7. This isomerization reaction is carried out according to the conditions
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i nvention, m xe stream of nononit recover éd at out
of 30t heesday fbmothe sStimgrzdion & 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 bottom fraction @,
the dinitriles. According to the inventign, the conpounds fromthe
trimerization of the al kynes, such as TMB or TEB, are also recovered in the
bottomfraction Q2 conprising the dinitffles. 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 othevariops stegamsevitinut,raortbati acequnglepkrtion froan Histscore efitheumyerfidm 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
15dinitriles, such as adiponitrile. The process of the invention thus nakes
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-pentenenitrile, cyclohexane and trinmethyl benzene
(TMB) is fed to the distillation colum 11. The concentration by wei ght 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 nmononitffles, in particular 3-pentenenitrile. The top
fraction recovered in the colum 12 is conposed mainly of 3-PN. The
concentration by weight of TMB is 0.0005%



30 The bottom fraction, conprising the dinitriles, is fed to the
colum 14 for separation and purification of the linear dinitriles.
The top fraction, conprising in partlcular the branched dinitriles,
al so conprises TMB. The anount of TMB'% ecovered in this top fraction
represents substantially all of the TMB i ntroduced into the col umm
11(99. 9% of the amount introduced). 9 O course, the process of the
i nvention can conprise other stages for separation and purification
of the various streans w thou on_that account, departing fromthe
scope of the invention. CLAl AIMS 1. A process for the
production of dinitrile conmpounds by doubl e hydrocyanation of a

m xt ure of h¥drocarbo?s contai ning at | east one diolefin, which

conpri ses: A Progssa iR the groguetionsaf dinjidleoesyrarantis hy deutit bydiooyamtations
by reactf #miketevsiandiclarbdhy bartSinfly 41YsP6RE Eg%ﬁn Wcﬁ%@f‘f}ﬁ 9gani ¢ acid

in the presence of a catalytic syStem conpri si nthe zero
oxi dat i on st%EUEHY alrsbi %ﬁﬁ@@%ﬂﬁfﬂh@dﬂo E‘@aﬁby reactlon betesan #te mixtirbe

linear snsated-rb&e afHdtHyHF&ﬁaﬁlE Qeﬂdtnhﬁmr ;f'@ rlc@rbf qedi w&f‘}stg%rénggq{%}nrgﬁ

strea

st ream PN1 conduc
hydr ocyéﬁﬁt?’d%therﬁqf%éx'ﬁﬁ@\eﬁ%@fé aﬁtﬁ aﬁwg@mmsmcam kbamdd a catal ytic
oo P g W ST Ra oy o

or ganophosphorus |1 gan
react i oftre@dPbh by distillation, the unconverted unsaturated

nitrites to S

reaction ne °ﬂmtﬁ’ﬁe&gﬁﬁ’§fﬁrtge%?ogngiu%ﬁ%"%ﬂ@@% f@ﬁﬁ)?ﬁ’yh@g S8nee of
syst em Iydrecyapiguctll @ndya cetalysic syternenmprising a reetaliamte raroforidation &tafest
st reaméq{o,%laﬂb Hdskﬁ?ratg\%a nd a L Qfsndtcw feeding the said streans PN2

and DN1 to~a di st age oproduceatopfractlon F1
conpri si ng ﬁﬁéa@éﬁmfrgmlthemacaudmdbm thyrdidtilatizin, e Witoaaned Gisatritbe

di ni tridigiend saisateiiad i sibe compounds,

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

jointly feeding the said streams PN2 and DN to a distillation stage to produce a

~ top fraction F1 comprising the said solvent and a bottom fraction Q1 comprising the

dinitrile and unsaturated nitrile compounds,

feeding the bottom fraction Q1 to a second distillation stage to separate the
unsaturated nitriles, forming a fop fraction F2, from the dinitriles, and forming a bottom
fraction Q2,

feeding the bottom fraction Q2 to a third distillation stage to obtain a fraction
comprising the linear dinitriles and a top fraction comprising the compounds with lower
boiling points than that of the linear dinitriles,

2. The process as defined by claim 1, said mixture of hydrocarbons comprising
butadiene.



feeding the bottomfraction 01 to a second distillation stage to
separate the unsaturated nitriles, formng a top fraction F2, from
the dinitriles, and formng a bottomfraction @, feeding the
bottomfraction Q2 to a third distillhtion stage to obtain a fraction
conprising the linear dinitriles and a top fraction conprising the
conpounds wi f h_| ower. boil i ints than that of the |inear
dinitriles. 3."né PCOSH@S %&%@B Y Ci?ém&eﬁﬁiﬁée!xfyye e iydracarbogigicamprising ge
of hydr gagreirersnciagiohsi ng but adi ene. 11 3. The process as
defined by claim1, said m xture of hydrocarbons conprising a C4
petrol eum fraction. 4. The process as defined by claim1, said
catal yti c syst B 6060sd & ; iy l i dation
state with an orggngphos5%%T3§%ggﬁﬁgﬁh§&d%bEM%bs%§e¢ﬁ§“§f%@§§§ as

def i ned ¥yPlex af piFkel indherzeraoxigriiogstate withampirggrsghpsphones ¢dnopatadl i qui d
extraction stage conprises cycl ohexane. 6. The process as
defined by claim1l, wherein the Lewis acid is selected fromthe group
consi sting of HISRICEPISors drdinad 8y cleinpHewhetsiir thnsolvent employed in the

liquid/liquid extraction stage comprises cyclohexane.

8. The process as defined by claim 1, wherein the Lewis acid is selected from
the group consisting of zinc chloride and triphenylborane.





