(WA mm’f wwention relates o a process for the

ture of conpounds conprising two nitrile 5

*I5¥¥hctional groups. It relates nore particularly to a

|llllﬂlIIHIIHIIIII@QLIER@@Emfogrunfﬂge comriSing a nitrile functiondl oroup

et Matdnd of pradudingdisd taile qompounds

*G0®¥Bpounds, in particular adiponitrile, are inportant
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chem cal internediates in the synthesis of numerqus
cgﬁﬁbuﬂa§$eﬁﬁus%n%ﬁﬁ?ﬁﬂﬁtIQQ¥§QQ§ uked § nprRsegs for the
maauiLEeicte cof bexanedripydendsli aorpri@ieof the nitrile

nowgns of, pal yami des. It can also be used in the
NoFSdenee 8F°§P§nocapronitrile or caprol actam

nmononers inportant in the production of various

Palyapdes, ZomﬁFBngﬁ)éP@'Qéféﬁg?escéor%Vi g%gc Q5 B8y  the
synt hesi's of a I po 'tflTe, t process using
boeagifassvae stel t | AgN1RELLei alcoap@unbe hyfdiasty apempownds

I eRedor Q% Wt My Ny df PORD fﬁMéEEgﬁaiS%EBﬁpm%ﬁd an ethylenic
extensively used industrially. 25 This process

cHRsesiEatiiony first stage, in carrying out the
hydr ocyanati on of an olefin, such as butadiene, to

prqoduce .conpounds cqnprising a nitrile functional,
QPO S SanCEPRGEEAPC. 1R ARSI ThPEIBPRGE 40 are
gempoaltlaptcachémitcalit dintdrimedireasencénoftlae catyaltytesds of

S YR IRIPRYTPE A Sl AL, O&ﬁBE‘?”g}c?ﬂﬁJén%t% Xs f QLR Y the
a netal, such as nickel, and an or ganophosphorus
| mgandackrer sefar dperrmethy henetseminet edone of  the

MaRRdiddrs €0f polyamides. It can also be used in the
manufacture of aminocapronitrile or caprolactam,
monomers important in the production of various

polyamides.

Among the processes provided for the synthesis of
adiponitrile, the process using butadiene as starting
material and the hydrocyanation reaction with hydrogen

cyanide is the most extensively used industrially.

This process consists, in a first stage, in carrying
out the hydrocyanation of an olefin, such as butadiene,
to produce compounds comprising a nitrile functional
group and an ethylenic unsaturation. This stage is
generally carried out in the presence of a catalytic
system comprising an organometallic complex formed by a

metal, such as nickel, and an organophosphorus ligand.

After separation of the unsaturated mononitrile
compounds and optionally purification, the latter are
converted to dinitrile compounds by a second
hydrocyanation reaction also carried out in the
presence of a catalytic system comprising an organo-

metallic complex formed by a metal, such as nickel, and
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35 conpounds and optionally purification, the latter

are converted to dinitrile conpounds by a second

hydr ocyanati on reaction also carried out in the

presence of a catalytic system conprising an organo-
nmetallic conplex forned by a2mtal, such as nickel

and - 2 an organophosphorus |igand. Furthernore, the
caal gt ganoglysswmowsptisesda Focabealypstregerdral ¢gtalytic
c : - i Ldhgi

R o T ke B AP T S sy Boftbbseal 1 o
défewiist igsid-.conpounds whi ch accept el ectron pairs.

Lewis acids are generally salts of netal elenents, as

is described below. 10 In the current processes, the

LaWies BRI | keWhf neat Aed 1si MEREStesct iteh TRAR unfcFRrding
paidt i lculh@r Tﬁl@ﬁliLan.g_ td@f_ﬁ}jm_ n of b@&fnpaﬁh}ign %ﬂdﬂg accr:]ept
nitriles. e.Lewis_acid is . subsequent r ve t
FESHIEN | BGR boFEOIE, SRiParii% IS GHRONY, | Spote  of
nate tedp arlaech tfar,oms Hes miedicomibied beloen) unction wth
the organonetal lic conplex used as catalytic system

The presence of the Lewis acid during the distillation
ofInt Heheli aurrene DEACPEBABI e thiRe Ldtisr dich b$ P@intained

| MRUridd esehfeibe AR UM WA gl dRWIEl &R BYy DEhe stage
present in the distilled dinitrile. In additiogn, the _
r Sfov &XRAHE L edls &&8d BAGTiLESd sdhEr gbeyss acid  is

efs‘dmaiueréta@ b@exﬁwm ukith the Q%E?&rm%l@:hi@n thettoms, in
process n t t he, envi ronnent . e .0 t he i ns_of . .

L RE S SHRE ST uht BN P08 ESTRFARCEe S Bt GRE Npgum in
t enpamdtactur eitdf tdhaei tordEnooapolhds whingllaoesisrdt as

C UGV 'té‘%é%t | sadvant ages. To this end, the
inventﬁgﬁ'pr vides a process for the 30 manufacture

of dinitrile conpounds by hydrocyanati on
The presence of the Lewis acid during the distillation

of the dinitrile can promote the generation of
impurities in the medium, which impurities may be
present in the distilled dinitrile. In addition, the
removal of the Lewis acid and its discharge as effluent
can be harmful to the economics of the process and to
the environment. One of the aims of the present
invention is to provide a process for the manufacture
of dinitrile compounds which does not comprise these
disadvantages.

To this end, the invention provides a process for the
manufacture of dinitrile compounds by hydrocyanation
with hydrogen cyanide of compounds comprising a nitrile
functional group and an ethylenic unsaturation in the
presence of a catalytic system comprising an organo-
metallic complex and a cocatalyst formed by a metal

compound.

According to the invention, the process comprises the
following successive stages, after having carried out

the hydrocyanation stage:
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wi th hydrogen cyani de of conpounds conprising a
nitrile functional group and an ethyl enic
unsaturation in the presence of a catalytic system
conprising an organo- netallic conplex and a
cocatal yst forned by a netal 3 35 conmpound. According
to the invention, the process conprises the follow ng
successi ve stages, after having carried out the

hydr ocyanat 't‘}'éa%tlggeth@ J:Qa'ctlkheﬁﬁatﬂgmt E%‘ S5ELIAQA after

medi um E1 obf ai ned after hydr ocyanat 1 on
of the unsé@@ratéﬁﬁﬂerl@fconﬁM ﬁ@§Yﬁﬁa§#Q§r te®f  the

extract at heastut-heeer gﬁfi@ﬁuél I l:@mfa@ﬁﬁ&@x ihrogrgal-d to
medi um and to obtain a égcon medi um E2;

treatin
the said seC&tdafEdiUm B2 pERSEi égaGPEPté&llc complex

I on- exchang&riogsi Baid omedfiuin0 aedtract abtheastat heecond
nmetal formng t.he cocatalyst and to obtain a third

medi um E3, Ry separating the dinitriles

f or med fron1the sald medi um E3, and in that the order

of staggs t)rée cha:gj lhe GAUY P %@c‘lxﬁc‘i Shbda i @ ﬁcﬁﬂy d%QQsing

to a prefer acteristic rnventro
cocatal yst c¥ex L&t s hendexeprrege spsepincaliny, q¥fer to

Lewi s aci ds A@Rticenedyd N {88 WOr kheedigdRd 10y f%r‘imng the
d ah, "Friedel-Crafts and Rel ated 25 Reacti.ons",

Vol ume 1, p&§6eted¥sto avY frohtaift ed ddiigsh) Bedpym Es,
the inventi and

III. separating the dinitriles formed from the
said medium Es,

and in that the order of stages II) and III)

can be reversed.

According to a preferred characteristic of the
invention, the cocatalyst 1is a Lewis acid. More
specifically, the Lewis acids mentioned in the work
edited Dby G.A. Olah, "Friedel-Crafts and Related
Reactions", Volume 1, pages 191 to 197 (1953), are

suitable for the invention.

The Lewis acids which can be employed as cocatalysts in
the present process are chosen from compounds of the
elements from Groups Ib, IIb, IIIa, IIIb, IVa, IVb, Va,
Vb, VIb, VIIb and VIII of the Periodic Table of the
Elements. These compounds are generally salts, in

particular halides, such as chlorides or bromides,

sulphates, sulphonates, haloalkylsulphonates,
perhaloalkylsulphonates, in particular fluoro-
alkylsulphonates or perfluorocalkylsulphonates,
halocacetates, perhaloacetates, carboxylates and

phosphates.
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The Lewi s acids which can be enployed as cocatal ysts

in the present process are chosen from conpounds of

the 30 elenments fromGoups Ib, Ilb, I'lla, Illb, |Va,

Vb, Va, Vb, VIb, VIIb and VIl of the Periodic Table

of the Elenents. These compdunds are generally salts,

in particular_ halides, such as_chlorides or brom des,

s Mepttdaas &yl promadss, dal BaRkyIBLEpAGn&KesPles of such
Dﬂéﬁ@?'ég'ﬁ%' pfaﬁnatz%ﬁ ! Gh@@lﬂ:&al@u' laéihﬁl:U?bQomide, zinc
al ky].sul phonates or perfl yqroal kyl sul phonat es, ,
SR R S 5Re nal Bolerates. MEABGRARa ISR, cadniun

plhoshaides,. dpdahien bBeymbdenadeanad®uRorcHidtidélg stannous
e?)a:ﬁjl.eas of such Lew ci.ds, o@ Zi nc cq__l or.ide, zi ncd.
brdm e S zi Re2 P 8EPdeY AHesB-2HIBYPF d&2h Ahesdhaium
brantiads, degadmismdiurh| ortirdé Lucadmethybsohptenastannoiadium
C rd t 5. hrom no

S fr e, D 0TS FRERAUS AU of rare
t riagtdor ometlieendisphonasechi ndiagn  t diefithenyscet at eerium,

t -l YR, OF b QAR SniRk, T are sgakkhugl ement Suropium,
such_as |anthanum _cerium _ praseodym um neodym um _

s SRR BUr opLEFPI R gaddy FRF Uih W er biiGhRiuM,  erbium,
dy3prlasiumm  had ez urer bhndn labetlamm yobelbi uahasdide,
I uﬁieti um Q@Eal.td chl ori dief. ferrous chloride or

yt T TS (e i W%&k’[}‘é’r €, as Lewis acid,

of conpounds such 15 as tri phenyl borane or titanium
iqﬁ%rqpég;(i .1 ssi hl f rse, 0

m Xtures o fs%eégrglaa%éWé% g‘cﬁ“&sﬁ_%%r e?fe.r%n@g&?éds such
versy dmhenyqsang vash, tidiearigin ddopropexdsle .t o zi nc

chl oride, zinc brom de, stannous chloride, stannous

brom de, triphenyl borane, indium ,

tri% | Jor o?&%ﬂ% 'ph&Hat ECULFG umtCr i FPRSPYacBE XY ERd ©f
zZigwredd loMiegel/ssteanindr)s chl ori de m xt ures.

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

zinc chloride/stannous chloride mixtures.

The Lewis acid cocatalyst employed generally represents
from 0.01 to 50 mol per mole of transition metal

compound, more particularly of nickel compound.

According to a preferred embodiment of the invention,
stage II) of treatment over ion-exchange resins 1is
carried out before the separation of the dinitrile

compounds from the medium E;.

This 1s because the separation of the dinitrile
compounds is generally carried out by distillation and
thus Dby heating the medium E; comprising these
compounds. It i1s advantageous to remove the metal

elements present in the medium E; before carrying out
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25 The Lewi s acid cocatal yst enployed generally
represents from0.01 to 50 nol per nole of transition
netal conpound, nore particularly of nickel conpound.

30 According to a preferred enbodi nent of the

invention, stage Il) of tred& ment over ion-exchange
resins is carried out before the separation of the
deaichr ial éreaddimgo dmd ® Hdeym ticheorastinim e s/t ¢kements

becams At SARAT 81 88N rRfackhendi bt r Ella@omﬁQEPQSJBHS dfS the
eneralu{ carried out by _ distillation and

hEaP g 11158 - me AR BHRPri 8Fng dt@?é%‘%?"%ﬁ%h ga?'flons

I §eﬁé‘t&ftfea%ﬂii§rdcmdtﬁh’mw@thh% r@ttlahctle&@rremmslafewt that

in th jum bef regcarr a heat i [
oPer® e L §he R fet &F eE@ﬁg (ﬂhiﬁ%ﬁﬁﬁ gProm
Sitthe ﬂeammuons or deconposition of the dinitriles.

These side or deconposition reactions generate
by-products with a structure simlar to that 5 of the
diThivtsr, i 1igs Whe chaaeeodi fadigqeni twi lspparen wa i ohmpeheties,

| et tgr - Eﬂusls d{hhrich% %agycal%méﬂé'eu@cﬁr)t ai Nean  be

|npur|t|es m no- 2- cyanocycl opent ene

( PeeAycegan THESFD WS TS S STRRAYRE IS G B part in
r Q@l@coambewmedﬂn gaidord it ritle. dirgiki | {msuaot peni anid ethelr

PSS CEL RS G T 2 T e TOP RO S 8 0 the
(HM&bmﬁmhyLaaédmaﬂnmmwxﬁMmmiqhtaﬁnedrbﬁ gdpomeratien of
:L%Ve%digo}lbgrpf%y%erdee\QQItla' r}led é{:c{l?‘gx& t5‘%|_|l§@ta:|.ned

Thu i €5 can produce

pﬁbmssiégiﬁﬁﬁ)forn1ng t hese polyan1des, in particular

i n spinning processes (increase in the nunber of 20

br eakages of the yarns) or with regard to the _
stTEWIS /i t Fheffd ERPUCAItdS®S ofahe PEOCASR ddefects in  the

processes for forming these polyamides, in particular
in spinning processes (increase in the number of
breakages of the yarns) or with regard to the stability
and the colour of the polyamide.

According to a preferred characteristic of the
invention, the organometallic complex forming the
catalytic system is generally a coordination complex
between a metal element chosen from transition metals

and ligands, generally organophosphorus ligands.

Such organometallic complexes are disclosed in numerous
publications and numerous patents, such as Us
3 496 215, DE19953058, FR 1 529 134, FR 2 069 411, US
3 631 191, US 3 766 231, FR 2 523 974, WO 99/06355, WO
99/06356, WO 99/06357, WO 99/06358, WO 99/52632, WO 99/
65506, WO 99/62855, US 5 693 843, WO 96/1182, WO 96/
22968, US 5 981 772, WO 01/36429, WO 99/64155 or WO 02/
13964. .

The metal elements are generally chosen from the group

consisting of nickel, cobalt, iron, ruthenium, rhodium,
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According to a preferred characteristic of the

i nvention, the organonetallic conplex form ng the 25
catalytic systemis generally a coordination conpl ex
between a netal el ement chosen fromtransition netals
and |igands, generally organdphosphorus |igands. Such
organonetal i c conpl exes are disclosed in nunmerous 30
pFRilestiVhs afBlWlneriguiding enpkatseR, a§oBBeY 4098ilver,

2%1&19958058361&811% 589d1?néerdﬁl% 2 Offlodd 1tHdse 3méBdls,
191, 3 76 23 974, WO 99/ 06355, VIO

98y 18\ &g, 358 WO 99/ 52632, WD
99/ 65506, wWo 99/62855 US 5 693 843, wo 96/1182, WO

9 772, Ol 29, VO 9
ot VO Mgt RIS R s SIS 1o
CmﬂﬁﬂlﬁHQNnQ*mﬂ@ﬂIm@ sbaSestlng ofpamitalkesllarcobmétq for

| LA d1ut RRIY W Q?lwn pal I adi um osm um iridium
pl'ati num ‘copper, silver gol d, zinc, cadm um and

mercury. Anong these netals, nickel is the preferred
Mg #ingd tRet hﬁ&ﬁrd@aﬁiatﬁ‘lﬁp' exg8eibhe réetﬁbrtiéon of the

encountered in eci fic oxidation state
paGeuI e o "t ffemRte Rifrkeharite. b%‘?’i‘hﬁl%‘ﬁ‘é to a
hydigreyanati @at i@acksitabe, a fpar tdamnglfe téeatd Olnetral2, and

elenpnip(Lor, exaple nigkelol can g oxi fzed 40 Aeacesion
hléﬂ%r oxrdat? on s or “exanple State1 %, *§A/G
maedihgs IdngengbeSQngeacﬂableffrohethproeasslonf the

'“?H-l-&éﬂtﬁ]or{juri@& phagentd ‘ifn e F&Fé’-é’@éfbrPdmé@fa E; or FEs

i nventi on. presence I n the reaction nedia E2 or
1533<?anrf3§§E|Ft Jth diisadvantages stHMIERT t §Ot hbaesef qﬁnethe

MBicta 1| carmtirtt <O 1d il fiatd tithd Ifaidnt e el Sist . Thi s
di sadvantage is overcone by the process of the

i nvention, which nmakes it possible, according to a 20
prifier r ddselianactgei sts c pveacomextbyactheheseotesal of the

invention, which makes it possible, according to a
preferred characteristic, to coextract these metal
elements during the stage II) of treatment over ion-
exchange resins by choosing an appropriate resin and
appropriate extraction conditions. It is also possible,
without departing from the scope of the present
invention, to use two or more resins in combination or
successively in order to make possible the concomitant

or successive extraction of these metal elements.

Mention may be made, as organometallic complexes
suitable for the invention, of those obtained from
nickel compounds and from organophosphorus compounds
belonging to the families of the monodentate or poly-
dentate organophosphites, organophosphinites, organo-
phosphonites and organophosphines. It i1s also possible
to use organometallic complexes obtained from stilbene
or arsine in combination with nickel or one of the
metals mentioned above. Examples of organophosphorus
compounds are disclosed in numerous publications and

numerous patents. Mention may be made, for example, as




el ements during the stage I1) of treatnent over ion-

- exchange resins by choosing an appropriate resin and
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15

appropriate extraction conditions. It is also

possi ble, wthout departing fromthe scope of the

present 25 invention, to use7two or nore resins in

conbi nation or successively in order to make possible

t bramphesni tafit remcistess vecenppavtison offt hesaphenyl

"ghé BL BUPNL 34 MRAL ON HRL RS (HBAE . AS1RAGANOIRH A e
FEX&s ' 30 “30i for the i nventi on,

ophamyréd fimhenyblzbosnhhmuﬁds ok ¥ r diﬁtolylphOSphlnl te,

OEﬁ?ﬁQQh%%ﬁﬁﬁﬁé.%%%B%HBQ%e,b@ﬁﬁﬂﬁﬂyltﬁhéﬁyﬂﬁﬁﬂﬁﬂﬂdﬁhte,
he nonodent a

e or poly- deptate organophosphites
oégaﬁéyﬁosEHJMF?E@SPBP@aE%L phoSpABnt t e plosphoriite,
orcga@a@hgaphbagmnbt i scoal sl yaRed el i3S t orusetrithymyl-

anogg lic conpl exes obtained fromstil bene or
aP PRE Fﬁeconblnatlon with nickel or one of the
metal s nentioned above. Exanples of organophosphorus
c ynds ed_jLn on
ORBESAE" sBOE ML Yt o "R LIEREALE BURpERALES T ey, of
- ekamplaspl egfoftm@nm@t@%om@mre@ﬁ t#nph@hych 'Ph
PhogRkites bhichohy! phosphite, trithynyl phosphite,
phenyl di phenyl phosphinite, tolyl ditolyl phosphinite,
t hynmyl di t hymyl phosphi nite, di phenyl
phenyl phosphonite, 5 ditolyl tonIphosphonlte
di t hynyl thynyl phosphonite, triphenylp
trltolylpho .“ e o) i thynyl - phosphi ¢t LeQ may
be made, _as @ onpounds, by way o
exanpl es, of e fo owhng structures |n0wh|cHJPh
I ndi cat es pheﬁyl 1000 - Pl

258 IgyT

E?lg S8

. AW,

o@ ?@
o Shgd

More generally, all organophosphorus ligands are
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0 0 PPh2 PPh2 Iigands are 15 More generally, al

or ganophosphorus suitable for the invention. Mention
may al so be made, by way of exanples, of the

catal ytic systens and |igands disclosed in patents 5
WO 95/ 30680, WO 96/11182, WD899/ 06358, WO 99/13983, WO
99/ 64155, WO 01/21579 and WO 01/21580. The
oPyahekeealfPrcthenpneresiean be prepared before their
addition to the reaction nediumor in situ. 10 The

organgnetal | i c conpl exes can be prepared by bringing
aMEBhpOIndat #heo chREs&fdfet BPYi WRE nt atdmPifen QL the

sehybiigmiel BanRseenpanophasphogasdsonPbedbsdd T patents

T Y4008 0n B9 o ekl n theSTonsatRe Uiy adeYs, wo
eboliénlbh ,t Wo Oxi/dab7énastiawe GmV2h580.w || have in
the 20 organonetal lic conplex or in a higher oxidation

state. By way of exanples, it may be indicated that,
i Aheheorgagamehat Al ¢i ccuepdrxses coh t he i pyvepaired, before

rRedh WMaigdi thBnt B exidabher;shaheal{dh ofuihegiumis

in the 25 oxidation state (I1), platinumis in the
oxidation state (0), palladiumis in the oxidation
strake (Hgandediaimis i BolpeeR¥idaldaen spat eptebhred by
iridiumis in__the ogid [ n stﬁie l) andlnLc%§I i S
i REEREERi dht FERPO8E té%%og.esﬁ FeUPEY ¢ fEte contact
pwepar at isodusfionhefornganomehabhpephoonpl exmpohadnet al
is enployed in a higher oxidation

The compound of the metal can be dissolved in a

solvent.

The metal can be present in the compound employed
either in the oxidation state which it will have in the

organometallic complex or in a higher oxidation state.

By way of examples, it may be indicated that, in the
organometallic complexes of the invention, rhodium is
in the oxidation state (I), ruthenium is 1in the
oxidation state (II), platinum is in the oxidation
state (0), palladium is in the oxidation state (0),
osmium is in the oxidation state (II), iridium is in
the oxidation state (I) and nickel is in the oxidation
state (0).

If, during the preparation of the organometallic
complex, the metal is employed in a higher oxidation

state, it can be reduced in situ.

Mention may be made, as nonlimiting examples of metal
compounds used in the preparation of these complexesg,
of metal powders, such as nickel powder, and the
following compounds:

- compounds in which the nickel is in the =zero



10

15

20

25

30

35

state, it can be reduced in situ. 35 Mention may be

- made, as nonlimting exanples of netal conpounds used

in the preparation of these conpl exes, of netal

powder s, such as nickel powder, and the follow ng
conmpounds: - conpounds in whigch the nickel is in the
zero oxidation state, such as potassium
t@k&aéiaﬁﬁmsﬂaﬂdﬂGSuﬁﬁ[Nb(@Nkébslum tetracyanonlckelate

bi s lLonitril keI CVC octadlen
nﬁéﬁ@r %/%] "gd kno:}%l lsl(eg?&utchke)i grl vatlve%l >
coypﬂb9bngdhegamdskaWCHaiﬁdeanWnsas5N1(cod)z) and the

RQSQ b@@osgghgﬁ% §§f|(£g andé‘ICk LcﬁonE@ynd§etr le—

suc he ca particular the acetate
cdtb@nheeylbh@apbénaﬁEleﬁéﬁﬁﬁe broni de, chloride,

citrate, hﬁbﬂ%ﬁa'% rfaganl deoh f 95 Mhe, Jdadaxigs,
hydr ophosphite, phosphat e, 10 phosphat e and HYIRes (in

GEREUAETNGE | bHPde, SRPERAEL; SUPPRAPRAtSsyl phiFarbonate,
abb&&lﬁlephon&kamaad al Khnaﬂhahonat estriben thehnoekehate,

;R i dR i B oA 5 o SeSimpate,
t!@ho@p@a&le i snd@ddied itva ttive s, eatod dide, meditinmtewhi shlphate,
fed 18 2080l RLLACR Ly aagt mg&gusrgﬁonabce el

he 'conditi o the react uci ng
agent can be organlc or i norganic. Mention may be

'Tgﬁ% &n asconl ikkéng exapphas, @kelor @Mééiﬁ%dssuct’!b an
as NaBH4 or KBH4, Zn_powde esi um or é? e%
Mﬁ@ﬁd@ﬁéoﬁlcREPtEOﬁﬁbuﬁ@eu§%ﬂc%%}rggboﬂagaFSrt %& a
Oﬁedi@tdfﬂfghsetgﬂirﬁ: of ot helréél gkekela isediddeady tagetihe ofebbeion

of t nent i oned above can e b
DR g T S HOLS G (e YR D Fr e Wien che
conjudeid fumdesed thiehe coads tiedsci pd agbat sreaggion. This
Slf'etcﬁlkél%g eé%érﬂ: the, %éeorpéazpﬁé | g6i Y& 881 & €0MELRYon may

e made, as nonllmltlng examples, of borohydrides, such

as NaBH, or KBH,, 7Zn powder, magnesium or hydrogen.

When the nickel compound used corresponds to the 0
oxidation state of the nickel, a reducing agent of the
type of those mentioned above can also be added but
this addition is not essential.

When an iron compound is used, the same reducing agents

are suitable.

In the case of palladium, the reducing agents can, in
addition, be components of the reaction medium

(phosphine, solvent, olefin).

The cocatalyst or Lewis acid is present 1in the
catalytic system according to an amount of between 0.01
and 50 mol of Lewis acid per mole of metal element of
the organometallic complex, such as nickel, for
example, and preferably between 0.05 and 10 mol/mol.

The Lewis acid can be added directly to the reaction
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addi ti on, be conponents of the reaction nedi um
(phosphi ne, solvent, olefin). The cocatal yst or Lew s
acid is present in the 35 catalytic system according
to an amount of between 0.01 and 50 nol of Lewis acid
per nole of netal elenent of 10t he organonetal lic
conpl ex, such as nickel, for exanple, and preferably
beeskiam CXOFidid the seigpmemetatidcl emmoledi-d can be
added directly to the reaction - 10 nediumor wth
the organonetal lic conpl ex. The hydrocyanati on

r SRS PR CYRARd AT FRAA IR bRt IeReral e al e eCBE at
bet weenpé&tapd Mwane‘eelr abbyc Sar@et weerc30Gasderably

The Zyg{o reaction can be carried out
mﬁfﬁ ng ﬁ?%ﬁﬂé ‘can be advant ageous to add an
inert organic solvent. This solvent can be a sol vent

fapd %@o%ﬁ%%%f Systemuhigh i3 ;qqaa%% a\eﬁ hwﬁ.gﬁout

phase medr um conpri si ng
beolivedytocPuhateld, can Ileasta@tarttrwqwm oéyarm@do@n inert

%@Eﬂﬁﬁd”ébl@éhﬂh'@hi§a§6l98n€n€ahh%ep%P%%ﬁ%éﬂttPSr the
i nvéntion can be carried out continuous|y or

b&EHRMIYEE.C TRY SERBadtiigh ch anleéflhéecaﬂtﬂedtaat phpse or
t k|t esenee ncédlanﬁ \/\Dcahg.s.esﬁﬁgterer@np&bﬁpegnan to Dbe

pﬁéghsmiﬁﬂq ﬁ%ﬁgous FUL$EMhIﬁﬂ?hlshydrocyanatlon

eﬁﬁmmenaﬁurdhe aqueous phase is separated with nost

of the organonetallic conplex at the end of the
reacti on. The organi c phase conprisin the dinitriles
affhitsher eme eber edndnddeurrieerss t of | &fepsinuwentjon can be

M mdel Mt dhtidBAR RY Haddifviiesent

invention. This is because it is advantageous to treat
this organi c phase according to the process of the
This reaction can also be carried out in the presence

of a two-phase system comprising in particular an
aqueous phase in which the organometallic complex 1is
soluble. In this embodiment, the aqgueous phase is
separated with most of the organometallic complex at
the end of the reaction. The organic phase comprising
the dinitriles and the unreacted unsaturated nitriles
is the medium E; within the meaning of the present
invention. This is because it is advantageous to treat
this organic phase according to the process of the
invention in order to extract the small portion of
organic complex and of Lewis acid present in the said

phase.

The reaction medium E; obtained at the outlet of the
hydrocyanation reactor is, according to a preferred
embodiment of the invention, fed to a stage I) for

extraction of the organometallic complex.

This stage can consist of an extraction of the said
complex by a solvent in a liquid/liquid extraction

plant. Mention may be made, by way of examples, as
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invention in order to extract the small portion of
organi c conplex and of Lewis acid present in the said
30 phase. The reaction nedium E1l obtai ned at the
outl et of the hydrocyanation reactor is, according to
a preferred enbodinent of -the Lnvention, fed to a
stage |) for 35 extraction of the organonetallic
Cﬁzmﬂr%)cgﬂfvlfuj Ss@]h&ge: ca@fcarlkiaatasofccmpxe)etm@ctfmos to 9
t he sai Q exb asolvent a l i qui

2) or?% gipant nt 8N F%S ft nemadfég lsiiéWa%‘l01(‘jhelycame’
emrqﬂoes’i,kaass crpn\prsﬂmm:timmsﬁ)l tenB, wefrbairkatayns, such

CQUpr | égBQR ?Qhé toms r&?‘ﬁ}}é&r}&l%e sugh ascpef é&‘f?ane

hexane ane cyc es conprising from
sméwmmw&yer%mmw from 1 to 5 carbon

mefdinlcycl glyexangsor gyeredeliane. &idalqasnaift, carbon

hydrocar hons corrprl sing froml to 5 carhon atons
2SR of AP ARINSHGEharRe. Gt orpromethane, or

t@dl%&iﬂt@f’dedﬁ‘ Y or opi HPENE] Ut &t Ch|@fcﬁzﬂaeﬁf@ne cOipounds

substltuted unsubstituted aromatic_conpound

SIS S r%rrﬁ Fo% c%r%%ﬁb%?oﬁ’tgomgmﬁ 5% be%z%%nzene’
1G:d1cniarm1e xylydnen e e tétyliydenerenen @ ro i siopappypeberenene.
This separation can al so be brought about by
distillation of the unsaturated nitri | es and the

priddisct | §RParagiono- preke WEdUmM PBne WIFOUFHE phadbesitof by

1271 10N 9B | &8 thﬁeor%@a@%traltleac qgrayl%st@nd the
ot her_ phase of which conprl sing mainly

diRFAFUIELn e 2| BYPePhEsR B‘&dé'&B‘] o rEd O(fo the phases ot

| vl ot | tq:upﬁllségr atid obrgathdite tdel SOl wempseetescu‘hebedther
abgve in 0 extract. the tur GES,

onef’ II"Y lc Pmerff)ng?hemaolrng%orre?al I ey The
t et et 1 a;@tnedbeanswej eceeyclted imoallld)/drl@@ydnaﬁxcﬁaction
rgﬂﬁﬂioghe solvents described above in order to extract

the traces of organometallic complex.

The organometallic complex thus extracted can be

recycled in a hydrocyanation reaction.

At the end of stage I), a reaction medium E; no longer
comprising organometallic complex is obtained. The term
"no longer comprises" should be understood as meaning
that the maximum amount of the organometallic complex
has been extracted but traces of the said complex may
remain in the medium without, however, departing from

the scope of the invention.

This reaction medium E; comprises the dinitriles formed
and also the Lewis acid and optionally compounds of the
metal element originating from the organometallic

complex which may or may not have undergone oxidation.

According to the preferred embodiment of the invention,
this reaction medium E; is subjected to a treatment over

ion-exchange resins which makes it possible to fix and



10

15

20

25

30

35

At the end of stage |I) , a reaction nmedium E2 no

* longer 25 conprising organonetallic conplex is

obtai ned. The term "no | onger conprises” should be
understood as neaning that the maxi num anmount of the
organonetal | ic conplex has been extracted but traces

of the said conplex may remain in the nmedi umw thout,
hewevact tbpameitad fioom o0 thee Ispope axfid hend optionally
[ nt |\Qn 5 Thiss ti O [ : c ris h
R R e N Sl gy From  che
op¥rosRamejaddifoGoIP lex and wkieh arendaungr iigi ndhe ngaid
f nagibhegor ganonetal Iic 35 conpl ex which may or nmay

not have undergone oxidation. According to the

preferred enbodi nent of the invention, this reaction
medi UAbE? |iorsubicitdese t eegihseaifetheOyYesent invention

i on-exchange resins which nak it ssible to fix and

| 9355 EhPRER " BRI R Fhe | AN b § Hhg Réear
opfleneakky tot e extdiszakdretTlus otheds cresimsyi oah ebe one
f [J ' recf

| BE0Ee HARRTEA ] TR G AL Ehd e BbPag or
oWepke pralsiditlq nvERELBA, apesepbsal ad®Fidig tehehating

natdh @sofaddie caRbal tiel ereditss t oMBRLeXhr 3dedbe Thde, as
t hese resins _can be one of tqpse hel on to the

I n ,
gF&GBP&8ﬁsi9Finﬁe%$n§trdﬂb U L5 oRd £k Egﬁﬁ firc FeEpR¥Ylic
adesibent iesiddiacdel @t raginsesmsradithsakallyt ivnder the

resins. _Mentiqn, may . , anpl es_of, resins,
o?rggfﬁﬁgﬁﬁc ggg?ﬁé}ggapgggylgﬁbefggggs?nfni a&et flgas-
r Bowex by Dosi reids dleyagrider amnide IoneadbyaBeyetnberlite
and Anberlyst by Rohm & Haas, 15 Dowex by Dow and
Levatite and | onac by Bayer. This stage Il1) can be
cqhiised e | AL hnFaBe R CAFIWRA 8t alperddh dRVifFedknown
| kot ke pétsodhdkilles MBY thes NBEE. Thus, use may be made
of columns comprising these resins in the form of a
fixed bed or of a fluidized bed or membrane systems

formed by the said resin.

After treatment on a resin, a reaction medium E; is
obtained which comprises essentially the dinitrile
organic compounds formed. These various compounds will
advantageously be separated in a distillation stage
III). However, other separation processes can be used
without, however, departing from the scope of the

invention.

Furthermore, the stage II) of treatment with the resins
also comprises a stage of elution of the resins laden
with the extracted metal elements in order thus to
regenerate the resins and to recover these metal

elements.

This elution is a conventional and standard stage for
processes for treatment on ion-exchange resins. It can

be carried out in particular using strong acids, such
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formed by the said resin. After treatnent on a resin,

a reaction nmediumE3 is obtained which conprises
essentially the dinitrile 2518rgani c conpounds forned.
These various conpounds will advantageously be

seEar avdghurix diastid | atti ohysragblorir) . adbdeveey strong
ot ; FON 0 usgd g W.4.houd ;
hoC!\/\}g/aé?L%p e%fadrl?i%gaf?g%nﬁg ggggoggleof tde\%(ls nverﬁ?%%l.ng ko
3C-murHahtie thehdestiggaalld ter ber egosesrakieth t he
resins also conprises a stage of elution of the

resins |aden with the extracted netal el enents, i

n .
orlder ERRUSOREEXFe Gdnelr it e PERECPESITRY SBTd To ridtigveplution
t haseyaretah ndtkeel EepbssiPlies ©b ureeBves and regenerate

cqonvent i onal _and standard, stage for rocesses_ for .
RS heelS af0. SHANERT. PP BT eg Fagee i
owt hpdparyenatarnusitegest r thisagabsilsiucdty 18 ofs great
S i Cl ydrochl.Ql:hG -aci : 0 :
o (i ey P ok CeConShu AL O Mberation, of
t Hr%ani BFC@FSE heaR@wi FCEPEE Lt 0 I8 r dfther QR EHLOBMRE,  1n
t Ru @0 eddr Ofyhhe Bheseimpaent hed t BEsS dwid ORcid is
stage can neke._it pogﬁl_ l.,e to recoyer and regsnégate
tf?@&Leésteac?ladéwa EXRLIPRLS MakEOPOSs BT LS Y iysEepRect
a ty ditoe yeanatd@mesitage. This possibility is of great
advant age i n maki ng possi bl e econonm cal operation of

10 the process and respect for the environment, in
pdthe coracesbertt e opoemtiogedppd iegwiis aeadtigular to

e%}r?{é/@i@r}g OF i B3 BbhSr s 1R &nNatH et Lhuhe8RGEEt1i0n
to the environnent. , o
and more particularly to linear pentenenitriles, such

as 3-pentenenitrile or 4-pentenenitrile.

These pentenenitriles can comprise minor amounts of
other compounds, such as 2-methyl-3-butenenitrile, 2-
methyl-2-butenenitrile, 2-pentenenitrile, valero-
nitrile, adiponitrile, 2-methylglutaronitrile or 2-
ethylsuccinonitrile. These compounds are present in the
pentenenitriles, in particular when the latter
originate from a first stage of hydrocyanation of

butadiene to give unsaturated mononitriles.

This £first stage is generally carried out in the
presence of a catalyst comprising an organometallic
complex but in the absence of cocatalyst. The organo-
metallic complex wused in this first stage can be
different from or identical to that used in the process
of the invention. In the case where it is identical,
the organometallic complex recovered in stage I) of the
process of the invention can be recycled in the hydro-
cyanation reactor for the first stage of hydrocyanation

of butadiene.
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unsaturation and nore particularly to linear
pentenenitriles, such as 3-pentenenitrile or
4-pentenenitrile. 20 These-pgatenenitriles can

conprise mnor anounts of other conpounds, such as

2Tt hydor®nbuiréies t iinteod2cendet hyl - Bhbut enenessi |ef the
2-. jtrjle, lera-.ni.trile, i ponjtrj . ;

> iR 55#13% SALhi BArce OF lg-lhétct?w E%‘gf& ety t%%?me‘?rlzatlon
Thdsg@eoonpenaual by e ipr eaepeciatidre 78 thenthpediimsit] estage
| R, | CyralenwheRrihadsat ter mathahdat 8qgf remea Ebhsbunds
st age ,of hydrocyanation of butadiene to_give

u d-Thoridhi £+ FPESStRAPSaPPY St 18t 4d@ jRresence of a

geRaiadlini CagyseshoubmpRibhfg 3@ eseeefldic complex,

catal yst conpr.i si.n n or.ganomnetal | i onplex but_in .
Rt B ke U ity 6 SRETEATE Seade, in
cad ebased iof thidrdgarsicysindgie.can be different

fromor identical to that used in the process of the
invention. In the case where it is identical, 35 the
orferroneie ¢ coforiiliex Feenmerzakion sshgeel isofta hemprove
FﬁﬂﬁﬁséePécEP@itﬁV%@”éHbC?Po@@sée@$9|QQﬂébﬁhénEXQﬁPated
cyanation reactor for the first stage of

& of butadiene. - 14 The nononitriles

i ntroduced in the process of the invention can also

orj.ginate froman isonerization stag general ly in .
a§% Tat POV XNER She PP s eé?hg% (%€03%¥3mﬁpgﬁnt¥°n will
clresicgtes imoneni mlaavilyy tippacempournds Shebt digkd i nf  the
t %%erglsés rr?i% JRONS, | %ié‘%%ﬁ%&?%@f i A1 CRERLYNLfa of
systern conprising an organoretallic conpfex,
advadmsdg@dusiny: i dentical to that of the first stage,

in the absence of hydrogen cyanide. 10 This object of

this isonerization stage is to i rove
Examﬁie 1: g P

A solution of indium trifluoroacetate (0.5 g,
1.10 mmol) in a mixture of 3-pentenenitrile (36.4 g,
448 mmol) and adiponitrile (63.6 g, 588 mmol) is
prepared. The composition of the medium is determined

by elemental analysis.

4 ml fractions of this solution are brought into
contact with 2 ml of each of the following resins sold
by Rohm & Haas under the tradenames indicated below:

- a sulphonic resin (Amberlite 252H),

- a chelating resin (IRC 748),

-~ an adsorbent resin (Amberlite XAD7)

- and a cationic resin (IRC 50).

Each of the media is stirred at ambient temperature
(20°Cc) for 4 h. The resin is separated by filtration
and the composition of the filtrate is determined by

elemental analysis.
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the selectivity of the process for |inear unsaturated

mononitriles. O her advantages and details of the
invention will 15 beconme nore clearly apparent in the
light of the exanples given bel ow solely by way of
indication and of illustrati®dn: Exanple 1: 20 A
solution of indiumtrifluoroacetate (0.5 g, 1.10

nthe) composixiome off 3-ghent enemittinig eme56a4 gnd 448 the
n@?h%rgggs EBOQ&EEh'En(éébi gﬁ éé%o
prepare osition t he nedlun1|s detern1ned
25 by el enent al anaIVS|s. 4 m fractions of this

50l ution are brought linto contact with 2 m g Qggﬁ)

hf—t-re fuiiumﬁng’resinb sold—by Rohm& Haas under__t e

1 reerepResiemdPEatRRl bel ow 30 - a sul phonic resitA0

Anberlitie?m@ium - | chelating resin (1|RC 748), - an
ite nd a catronrc
SPRPPF R e®) O 35 alch Hb?ﬁi) Jﬁﬁd?égﬁs st i Pregtactable

anbi entfiepperat ure (208)1don#ke hredhhe riesin i s

separated by filtratijon an nposi tfi o th
filtrate is determ ned by % ﬁnfegl anal yS|IEB % tefgable

The conpositions of the Gielkdtingy ezl in an of t he

filtrates are given ip T?Qi .bel I'n
Conposition of thell90 star fglrrié%%e%?n rrp03|dt |téar(fta le
{heAnberlite 252HUndel ecAddrebdnt tyeseSul phonic resin

IRC 50 Undetectable

Cationic resin

Example 2:

A glass column is filled with 100 ml of sulphonic resin
(Amberlite 252H). A solution of 3-pentenenitrile and of
adiponitrile (30/70 in moles) comprising indium tri-
fluoroacetate with a concentration, expressed as indium
element, of 3300 ppm is fed continuously via the top of
the column at a flow rate of 340 g/h. Samples are
withdrawn every 10 minutes at the column outlet. The
concentration of indium in the samples is measured by
elemental analysis.

During the three hours of operation of the separating
column, the concentration of resin in the samples was

always less than 20 ppm.

Example 3:

A solution of zinc chloride (0.1 g, 0.73 mmol) in a
mixture of 3-pentenenitrile (36.4 g, 448 mmol) and of
adiponitrile (63.6 g, 588 mmol) is ©prepared. The
composition of the medium is determined by elemental

analysis.

4 ml of this solution are stirred at ambient

temperature (20°C) for 4 h in the presence of 2 ml of
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Cationic resin 5 Exanple 2: A glass colum is filled

with 100 m of sul phonic resin (Anberlite 252H). A
solution of 3-pentenenitrilelgnd of adiponitrile

(30/70 in noles) conprising indiumtri- fluoroacetate
wistull pdnogdne e asaitd on(Andxgrleidsed 2Z2H)ndi LAnalyyslenemf, the
of, m § C jy nu Ly Vi of e .
caéiﬁgaﬁpa ??g&?gatgﬂ% 3 g%§¥h. g%%%ﬁgéggreovegh resin
wiirddrcateseveta 10 pivaut eongenthatéenunpfoutdigic The the
CREMITR! IR fed MHiddMAgh i SRl 83, S Measured by

el emental analysis. 15 During the three hours of
operation of the separating colum, the concentration
ofgxdefdIie it the sanples was always less than 20 ppm

EX e 3: 20 A solution of zinc chloride (0.1 g, 0.73,
1S, ReRGE T G et ior BYREPentRrLen of (3eoatponaaaliile
na ) gand ddipshionile) | eatG3y@ed, 588 tivenl Nii8) /organo-
pr. .. The. . iLtign th di i s_det, ] :
DR LB RIPCN T Gl "G TR, Sy oF DhEfRied
stautr-edThe arbpasphospimpeust uriayDC s f thed donigpurhd with
PrgRencs 1¥wihdfHmu1al6 sul phonic resin (Amberlite
252H). Analysi's of the solution before and after
treatment over resin indicates that the concentration

of zinc in the
PPh, PPh,

3 ml fractions of this reaction medium are stirred at
ambient temperature (approximately 20°C) for 4 hours in
the presence of 3 ml of one of the following resins:

- a sulphonic resin (Amberlite 252H),

- a chelating resin (IRC 748),

- an adsorbent resin (Amberlite XAD7).

The composition of the reaction medium before and after
treatment over resin is given in Table II below:

Resin ref. $Ni $In
Starting / 0.459 1.0
composition
Composition after Amberlite 252H 0.46 <0.02
treatment
Amberlite XAD-7 0.28 0.42
IRC 748 <0.008 <0.17

These tests show that it i1s possible to extract the

indium originating from the Lewis acid but also, under



sol ution changes from 480 ppmto 8 ppm 5 Exanple 4:
The reaction for the hydrocyanati on of
3-pentenenitrile to give adiponitrile, catalyzed by
the N (0)/organo- phosphorus ligand/Lewis (In) acid
system is carried 10 out. -TA& er ganophosphorus |igand
is the conpound with the following fornula: 15 3 ni

f ceguttieons  sfonddits angact itéve nediidarzgfe Birkeéd ariginating
A TRt 1AAR QeFAeS] Y120 ef Qarhafaurs in
t he presence of m of one of the followng résins: -
a sul phonic reS|n (Amberlite 252H), - a chelating
resin (IRC 748), 20 - an adsorbent resin (Anmberlite
XAD7). The conposition of the reaction nedi um before
and after treatnent over resin is given in Table |
below. Resin ref.%Ni % n Starting /0.4591.0 conposition
Conposition after Anmberlite 252H0. 46<0. 02 treat nent
Anmberlite XAD 70.280.42 | RC 748<0.008<0.17 25 These
tests show that it is possible to extract the indium
originating fromthe Lewis acid but al so, under - 17
certain conditions, the oxidized nickel originating
fromthe organonetallic conplex used as catalyst. - 18



10

15

20

25

30

35

Cains 1. Process for the manufacture of dinitrile
compounds 5 by hydrocyanation of nmononitrile
conmpounds conprising an ethylenic unsaturation by
reaction wth hydrogen cyanide in the presence of a
catal ytic system conprising as erganonetallic conpl ex
and a cocatal yst, characterized in that it 10
conprises the followi ng successive stages: 15 20 I)
treating the reaction nmedi pRuklgobtained after
hydrocyanati on of unsaturated nitrile conmpounds in
order to separate the organonetallic conplex fromthe

cat al Yt ceStp anith tRa bt 2d thufe S@f:oaﬂnﬂ@ﬂiy@ &dipounds
1) treating the said second $§d|un1E2

i on- exAWang ¥ TG Y I torPer Ieé@?n?%ltﬁk}?actC?Wﬁounds

met al  iduigprardigignashngthyararike uﬁgﬁahﬁhyﬁbnl byor deéaction

t bt ai. t.hird di E3 111 t th
dioniot r i%%le af ol?%]aog??rb% ‘%n)ﬁ%nligatnﬁpr d %@dl plﬁaﬁreaéoel nCg{end |en a

t hat skag@myugccaﬂyb&emarcpe@raaunbefane stggeomkfallic

30 2. PRy, fai'@&cé almdy £ 1884284 thHat it
€ %a %?OCGSS

that the cat is a S aci

accor dqunnmS@Sautrhel ol Ipwiglen sNEceSSAd® StRASKGt t he
nmetal ions extracted in stage Il1) are 35 recovered by
elution of the resin. 4. Process according to C a

3,
char act®er i zddF§aFih4the FEafdtiaAn ek Y VEPEGlHFg]after
recycl ed i n hyatsstydrafigmm t he fcocatalspsirattethe nitrile
catal ytic compounds in order to separate the
organometallic complex from the catalytic

system and to obtain a second medium E;;

II) treating the said second medium E, with an
ion-exchange resin in order at least to
extract the metal ions originating from the
cocatalyst in order to obtain a third medium
E,, and

I1II) separating the dinitriles formed £from the
third medium Es,

and in that stage III) can be carried out before
stage II).

2. Process according to Claim 1, characterized in
that the cocatalyst is a Lewis acid.

3. Process according to Claim 1 or 2, characterized
in that the metal ions extracted in stage II) are
recovered by elution of the resin.

4. Process according to Claim 3, characterized in
that the metal ions recovered are recycled in

order to form the cocatalyst of the catalytic
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- 19 systemof the hydrocyanation stage. 5. Process
according to one of Clains 2 to 4, characterized in

that the Lewis acid is a conmpound of a netal el enment

bel onging to G oup Ib, Illb, 51Ilb, IVa, IVb, Va, Vb,
VIb, VIIb or ViII of the PedPodic Table of the

El enents. 6. Process according to one of Clains 2 to

5, cha&y&dear iofedhien hyriaocymaatdwins s4@igg-i s chosen 10
fﬁlqm_tgaecogf@ég %@&_drsiﬂﬂ@gl o{]o?%ﬂ@esﬁfﬁ;@niﬁ%? 2 to 4,
chlorides or braom des, sul phates,_ su| at es,

hal oal IKAEASHEEAEEES 1hdtie sk R HIRfE] €55 # ncompound
particdfaraf meanal Kydmethphbeabagiay to Group Ib, IIIb,

perflu | kyl.sul phonat es, | o t at 15

per hal girggg}’atie\za}’ c bxgﬁatgg’a?\gﬁﬁhogiﬁgt 8% S I% Rt the
met al desnmmtis. Tabller odfesheadd@neintg .t 0 one of d ai ns

2 to 6, characterized in that the Lewis acid is

chosen 20 fromthe group consisting of zinc chloride,

zitne Hrodeds Agrernddicde tammysmeset cibrime, 2 to 5,

MANgane§R A QErdgeCadhl WLl adereadm 4m g brem d8osen
stannous chl ori de, stannous brom de, _stannous
sul phatL%é’aomst &RRoUSTPEPt rePRS1FRHReMYE BRldGege, such as

indiumdhﬂdﬁﬂdygﬂnﬁﬂnﬂb%ﬁﬁ&@%@le,sﬁgﬁh&ﬂés, sulphonates,
trifluqgraoacetate, .the chlorides or _brom des_o rare .
cart h SRS SR eRE iRt hRRGAr BB i LBhonatel,  in
pr aseogartimulaeodyn um Sheeroaliy bsuhphamtes or
gado'!%éﬁ?ldﬁ?&%l 1 S PHH R D haf ni um erﬁé?gécégates,

thal lidm ytterbi umand lutetium cobalt chlor
f er r ouPHRGOFE LAt E Syt t ClaFcenlatiege. a8d Pphespbates of

accor dighd tet@ne Afendidpd Precedi ng cl ai ns,
characterized in that the resin for extraction of

7. Process according to one of Claims 2 to 6,

characterized in that the Lewis acid is chosen

from the group consisting of zinc chloride, zinc
bromide, zinc iodide, manganese chloride,
manganese Dbromide, cadmium chloride, cadmium
bromide, stannous chloride, stannous bromide,
stannous sulphate, stannous tartrate, indium

chloride, indium trifluoromethylsulphonate, indium
trifluoroacetate, the chlorides or bromides of
rare earth elements, such as lanthanum, cerium,
praseodymium, neodymium, samarium, europium,
gadolinium, terbium, dysprosium, hafnium, erbium,
thallium, ytterbium and lutetium, cobalt chloride,
ferrous chloride and yttrium chloride.

8. Process according to one of the preceding claims,
characterized in that the resin for extraction of
the metal ions used in stage II) is chosen from
the group consisting of strong or weak cationic
resins, adsorbent resins, chelating resins and

catalytic resins.
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35 the nmetal ions used in stage Il) is chosen from

the group consisting of strong or weak cationic

resins, adsorbent resins, chelating resins and

catalytic resins. - 20 9. Process according to Claim

8, characterized in that th&0i en-exchange resin is

chosen fromthe group consisting of sul phonic resins,

c&-boxHiaregesprsoaddnon hodiGloxtn ¢ &.escheraté@ized in

Processcr%&cogﬂbngl 2SRt flgd Ne REECeL NG AN £rom  the
the

characterized int e extraction o . ,
or ganorfBioin | ECRBAPEERT| wist BYEPIYNIG d@siingg ogarbeyylic
l'i qui didddiHo 83 rHaGitnod addth care@iizact i on 10 sol vent
chosen fromthe group consisting of al kanes

conprising from5 to 9 carbon atons, cycloal kanes

campori sime‘srsarﬁdscé:@dﬁqg:atbmnat @T5, thapogeadiwg claims,
hydrocarbons conpn

fr to.5 carbon atonms and
Subst | ER TS Dot T2 ut BAP TS AP Bra it emSThaso | the
conpri s:rr@rfcnmzﬂ]n@ QCQIwh@n imat emegell) Hrocessried out
accor di pr, [ | aj ;
char act rlzeéﬁ£§?4%1idl ea%ggggfggF%n g?§ e*3o extraction
di ni trigyent steyesen | ) framcatheed géiﬁupby consisting of

di stil |aaltHanéé3f ct SiddiGhadi Wl | 8S. £42. oPregesen atoms,
accordin t he recedlgg cl ai ns

char act ﬁ%ﬂﬁ} QquuﬁoW Aed ﬁ&uﬁn????%ﬂ a5oms,

conpounﬁaay@aamﬁ ehgldirbehkBéns 1 offiicLissy ageordi Ng to 5
to ClalmrtJbZT} at_[acterlz
rivles

pent enéil are obt'd ne%l%ffth%?%g c§AnatFERPgF1 tuted

but adi etrematic compounds comprising from 6 to 9 carbon
atoms.

11l. Process according to one of the preceding claims,
characterized in that the separation of the
dinitriles in stage 1III) is carried out by

distillation of the said dinitriles.

12. Process according to one of the preceding claims,
characterized in that the unsaturated mononitrile

compounds are pentenenitriles.

13. Process according to Claim 12, characterized in
that the pentenenitriles are obtained by hydro-

cyanation of butadiene.



