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PROCESS FOR THE ELECTROCHEM CAL PREPARATI ON OF . CATALYSTS BASED
ON TRANSI TI ON METAL AND PHOSPHI NE . 'The present invention
rel ates to an el ectrochem cal process for the preparation of 5
conpounds whi cWOc &7 /24184ed as catal ysts. 1 PCT/gROGD20RES

t owar ds whi ch the process of t he |nvent|on IS d|rected contain at

| east one BS K¢ E g ALc PREPARA

with at | east one nnnodentate or

Such conpounds carksk e  BASED ONTRANS, Pl AANT PHIINE ¢ of the
catal ysts used in the hydrocyanatlon reaction of ethylenlc conpounds,
as described in patent FR-A-2,338,253. In the present 15 t ext,

they will be referred to %e catalysts wi t hout this being a Ilnttatlon_

on their field of use. present lnvﬂ%§1§Fbé%%H?q%ﬁ’ch@neIectrochentcal
synt hesi s the catal¥§ts consi the el ectrol ytic treatnent

of an aqueous soF& ESTP eI A PRCAES 3%§t ep;g@arat f on net al
conpound agd at.q bﬁg hd%”%hqgap%%gtﬁgagsed al qgg%ete wat er - sol ubl e

phosphi ne, pl ace conpartne ®4n el ectrol ysis cel

of an el ectrol yser phe compounds ?@%]W%.%%.% lf%c%@%§%&'ne used
tﬁe flacuna en
d

inthe 25 process of i nveéntion nono
phosphi ne correspoRgivaation 18 g8raitle n( bk least one

P(ArI)[err](Ar2)[err](Ar3)[err](Dl)[err](DQ)Ferr](EB)[err] (1)
trans;tlon metal in oxidation state 0 or 1 combined
with at least one monodentate or bidentate water-

10  soluble phosphine.

Such compounds can be used, for example, as
catalysts in place of the catalysts used in the
hydrocyanation reaction of ethylenic compounds, as
described in patent FR-A-2,338,253. In the present

'15 text, they will be referred to as catalysts without °
ehis being a limitation on their field of use.

The process for the electrochemical synthesis
of the catalysts consists of the electrolytic treatment
of an aqueous solution containing at least one

20 transition metal compound and at least one monodentate
or bidentate water-soluble phosphine, placed in the
cathode compartment of an electrolysis cell of an
electrolyser.

The water-soluble phosphine used in the

25 process of the invention [lacuna] a monodentate
phosphine corresponding to the general formula (I):

P (Arl),(Ar2),(Ar3).(D1)4(D2),(D3), (1)



2 I n which: - Arl and Ar2, which may be identical or different,

represent aryl groups or aryl groups containing one or nor e
substituents such as: 5 - al kyl or al koxy radical having 1 to 4
car bon at ons, - hal ogen at om - nitrile group,
- nitro group, 10 - hydrophilic group such as:

-COOM -s(err]M -PJerr]M Mrepresenting an I norgani c or organic
cationic residda whd froma - proton, cations derived from al kal
metal s or al kal i ne- earth netals, amoniumcations -N(R[err] in
which fornula ~15r1 gRE HFhombirh waivc Penddens licddnoire difderdntf,er ent ,
represent a hydrogen atom or an al kyl radical having fromlto 4

carbon atons, CRETEEREEL @XWloRXoyps ¢va&daryl groups eenkiadnimgsene or

aryl carboxylic_acid, aryl.sul phonic acid or aryl phosphonic acid salts
are wat er - sol uBP&s SE%S¥l%ue%ts suchn@®)::3 in which formula the synbols R,

whi ch may be i_d Lcal or.different,, represent a_hydroge at om
or an aIkyF r adi cal ha@%k% beﬁ}%oﬁy fagé &n%av1ng dt &% # carbon

-OH 25 - Ar3ckfRresents an aryl group containing one or nore
substituents such a$: - al kyl or al koxy radical having 1 to 4
car bon at ons, _ halogen atom,

nitrile group,
- nitro group,

10

hydrophilic group such as:

-COOM, -SO;M, -PO;M, M representing an
inorganic or organic cationic residue chosen from a
proton, cations derived from alkali metals or alkaline-
earth metals, ammonium cations -N(R), in which formula

15 the symbols R, which may be identical or different,
represent a hydrogen atom or an alkyl radical having
from 1 to 4 carbon atoms, the other cations derived
from metals whose arylcarbo#ylic acid, arylsulphonic
acid or arylphogphonic acid salts are water-soluble,

20 -N(R); in which formula the symbols R, which
may be identical or different, represent a hydrogen
atom or an alkyl radical having from 1 to 4 carbon
atoms,

-OH

25 - Ar3 represents an aryl group containing one or more

substituents such as:
- alkyl or alkoxy radical having 1 to 4 carbon

atoms,



3 - hal ogen atom - nitrile group, - nitro

group, - hydrophilic group such as: 5 - COOM
-PJerr]M Mrepresenting an inorganic or organi ¢ cationic residue
chosen froma proton, cations derived fromal kali netals or

al kal i ne-earth netal s, ammoni um catidns -N(R)[err] in which formula
the synbols R whi ch may be identical or different, represent a 10
hydr ogen at om or an-ahiejlogexdiatsm,having from1l to 4 carbon atons,
the other cations derived fromnetals whose aryl carboxylic acid or
aryl phosphoni c acid -sBity¥ile grogpe water-sol uble, -N(R) 3

I n which fornula the synbols R, which 15 may be identical or different,
represent a hydrogen T1tYO GreMPer an aIkyI radi cal having from1 to 4
~car bon at ons, at | east one of the said

substituents of Ar3 b@Vﬁ§°§hl§6° QFFHPoﬁHFPIESQroup as defined above,
- a represgnts 0 or 1, ents esents O

or 1, - D1, D2 and B9%Mghi @Hﬁﬁaﬁﬁbﬁe?ﬂ%ﬁ??Ebﬁg ?nd%??E$%H+gr°§5
represent an ab%&hnﬁeoﬂatlénﬁzc&%% 5&' %EBQQnQEI%QEatEEﬁ uEﬁ%&SPS

cycl oal kyl group~containing 0O
. derived from alkali metals or alkaline-earth metals,

ammonium cations -N(R), in which formula the symbols R,

which may be identical or different, represent a
10 hydrogen atom or an alkyl radical having from 1 to 4

carbon atoms, the other cations derived from metals

whose arylcarboxylic acid or arylphosphonic acid salts

are water-soluble,

-N(R), in which formula the symbols R, which

15 may be identical or different, represent a hydrogen

atom or an alkyl radical having from 1 to 4 carbon

atoms,

-OH

at least one of the said substituents of Ar3 being a
20 hydrophilic group as defined above,

- a represents 0 or 1,

- b represents 0 or 1,

- C represents 0 or'l,

- D1, D2 and D3, which may be identical or different,
25 represent an alkyl group, a cycloalkyl group or an

alkyl or cycloalkyl group containing one or more

substituents such as:

- alkoxy radical having 1 to 4 carbon atoms,



- al koxy radical having 1 to 4 carbon atons,

4 - hal ogen atom - nitrile group, -
nitro group, - hydrophilic group such as: 5

cooM -SOerr]M -PJerr]M Mrepresenting an I norgani ¢ or organic
cationic residue chosen froma protan, cations derived from al kal
netal s or al kal i ne- ' earth netals, ammonium cations -N(R)4 in which
formul a the synballogRn atiomh nay be identical or different, 10
represent a hydrogen atomor an al kyl radical having from1l to 4
carbon atons, the otrhBitEadeoasousri ved from netal s whose carboxylic
aci d, sulphonlc acid or phosphonic acid salts are water-sol ubl e,
-N(R)3 i n which fornuP&tFﬁe9§?Hﬁols R, which 15 nmay be identical or

different, represent atomor an al kyl radical having from
1 to 4 carbon ag Rgﬁlc group such agy d, e and f

el B0 L 20 bR B e b, (1)), °

o il i LR B, pgpeoms 1
Ar2, D1 and D2,ba¥gnt heafBankNge r9-4aN £38ave1kaR 4 metalgoﬁgugikgh&ne-

earth metals, ammonium cations -N(R), in which formula

the symbols R, which may be identical or different,
10 represent a hydrogen atom or an alkyl radical having
from 1 to 4 carbon atoms, the other cations derived
from metals whose carboxylic acid, sulphonic acid or
phosphonic acid salts are.water-soluble,
-N(R), in which formula the symbols R, which
15 may be identical or different, represent a hydrogen
atom or an alkyl radical having from 1 to 4 carbon
atoms,
-OH
- d, e and f represent 0 or 1,
20 - the sum (a+b+c+d+e+f) is equal to 3
or a bidentate phosphine corresponding to the general

formula (II):

(Ar1),(Ar2),(D1)4(D2) P-L-P (Arl) ¢(Ar2),(D1), (D2), (11)
in which:
25 - Arl, Ar2, D1 and D2 have the meanings given above for

formula (I),
-a, b, d, e, g, h, i and j each represent 0 or 1,

- the sum (a+b+d+e) is equal to 2,



- a, b, d e g, h i and | each represent 0 or 1, - the sum
(at+b+d+e) is equal to 2, _ 5

- the sum (g+h+i+j) is equal to 2, - L represents a single val ency
bond or a dival ent hydr ocar bon- based radi cal such as an al kyl ene

radi cal , a cycl oal kyl ene radi cal, argarylene radical, a radical 5
derived froma heterocycle containing one or two oxygen, nitrogen or
sul phur at oms intheesumndg+hhdsg) is equadi cas 2gyclic radical s being
directly attached to one of the phosphorus atons or to the two
phosphorus at omsL representei agsingdehwyalencynbood oire apkddvpients at ons or
to 10 the two via a linear or branched al kyl ene radi cal havi ng from
1 to 4 carbon QYQF?caFPOBePﬁﬁeéo§§ﬁbpé1f@PCh as aphalkydghs) radiicalopay form
part of the dlvalen ?g L_to contain one or nore substituents as
defined for Yﬁﬁ?a 4 enslraﬁacsé apsarylene radigalexanpredced netal s
whose carngyllc ac phoni c _aci d or ansphonlc acid salts are

wat er - ngﬁﬁygg ﬁﬁﬁplBn%ﬁﬁﬁrﬁgyﬁ&&eCSPtPé ngzpﬁedaﬁd tWen. o
t orefer to
;ncgggogagsﬁgfc%§§§néngﬁ%§§g§8%%e%8 %uFégngﬁ B Shggfeﬁgf?ggﬁﬁfm?ter I
of _fornul a
The preferrednﬁggg%Pﬁ E?thcpggawﬁhﬁﬁskgaﬁg ige EkggéBQQEQEIQE§

(1) or of for phenyf
phenyl groups of theCgAbapRLRASOLEORS wotéulesﬁte' E%ﬂbﬁoéﬁhgﬁhg”s@oﬁgo"&

25 Ar3 is a phenyl group containing one or .
or being attached to one of the phosphorus atoms or to

10 the two via a linear or branched alkylene radical
having from 1 to 4 carbon atoms, it being possible for
the ring(s) which may form part of the divalent radical
L to contain one or more substituents as defined for
Arl, Ar2, D1 and D2.

15 As examples of metals whose carboxylic acid,
sulphonic acid or phosphonic acid salts are water-
soluble, mention may be made of lead, zinc and tin.

In the present text, the term water-soluble
is understood to refer to a compound which is soluble

20 to at least 0.01 g per litre of water.

Thé preferred water-soluble phosphines are
the phosphines of formula (I) or of formula (II) in
which Arl and Ar2 are phenyl groups or phenyl groups
containing one or two substituents as defined above,

25 Ar3 is a phenyl group containing one or two
substituents as defined above, D1, D2 and D3, which may
be identical or different, represent an alkyl group

having from 1 to 6 carbon atoms or a cycloalkyl group



substituents as defined above, D1, D2 and D3, which may

be identi cal

or different, represent an al kyl group having from1l to 6 carbon

atons or a cycl oal kyl group
having 5 to 8 carbon atons, or represent an al kyl group

6
having from 1

to 6 carbon atons or cycloal kyl group 6 having 5 to 8 carbon atons
contai ni ng one or nore substituents as defined above, L is a single

valency 5 bdinan Saltoy|seraniadi GalongVicly depyreskedto éh GAKIAN group

atons, a nonocyclic or bicyclic cycloal kyl ene radi cal

having from 4

to 12 carbon athevings fploamyll dree 6 adirkmn atoms oxr diyaliemllksie gradipcal , a

napht hyl ene radical, a di napht hyl ene radical, a radical derived from
a 10 heter oc@véngot &mithgageroations songeinimg roogewwmore sul phur
atons in the ring, these various cyclic radi cal s being directly

om0 e ot Lachad Lo on Of. b phospher be ot o octo the 15

Fp Vi 8 a B nelPHh BRaATRO R FRSHE At ATy 1 £0 © KARHOD 1o 4

of tho i val enfePRRc BOROCYCLi ool SR IrId e FHAY such as
pretorted wat o SLaHELIERORNS. bl el PR RO, & Rhemiene srdisAbi 4 (1)

or of formula gl (Lai):i.pil'l'%nylleéxeen‘Q‘!@li a1 . & F#agptgﬁl%%sggdi

Ar2, which may b tical or

H(s), of Arl and

represent (s) groups such

as: dinaphthylene radical, a radical derived from a

10 heterocycle containing one or two oxygen, nitrogen or

sulphur atoms in the ring, these various cyélic

radicals being directly attached to one of the

phosphorus atoms or to the two phosphorus atoms or

being attached to one of the phosphorus atoms or to the

15 two via a linear or branched alkylene radical having

from 1 to 4 carbon atoms, it being possible for the

ring(s) which may form part of the divalent radical L

to contain one or more substituents such as an alkyl

group having 1 to 4 carbon atoms.

20 The preferred water-soluble phosphines are

the phosphines of formula (I) or of formula (II) in

which:

- the substituent(si of Arl and Ar2, which may be

identical or different, represent(s) groups such as:

25 - alkyl or alkoxy radical having 1 to 2 carbon

atoms,
- chlorine atom,

- hydrophilic group such as:



25 - al kyl or al koxy radical having 1 to 2 carbon at ons,
- chlorine atom - hydrophilic group such as:
7 -COOM -Ssderr]M -PdJerr]M Mrepresenting an
I norgani c or organic cationic residue chosen froma proton, cations
derived from sodi um potassium calcium 7 or barium anmoni um
t et ranet hyl ammoni um tetraethyl - 5 ammoni um tetrapropyl ammoni um and
t et rabut yl ammoni um -CabMpns SOgM} | ePB,MjeM wepresantdime arl ead or tin,
-N(R)3 in which formula the synmbols R which may be identical or
di fferent, repiBovganichpdr oyganic catavoicoresidakkyhosedi €xbmhavi ng from
1 to 4 carbon 10 at ons, _ -Od - the substituent(s)
of Ar3, which REQtEE.| gariprngl derived fromf sedéum, pepresénm,syadciums such
as: - aIkXI or al koxy radical having 1 to 2 carbon 15  atons,
- chlorine atofff barium, ammonpygy, opREFARCERYLETEQRAURS: tetracthyl-
-COOM -PQ.err M& M.representing an i norganic Qr organi c cationic
resi due ch senL? BH%HmprgFgﬁ?pE§PV8ﬁ§m°§ um BﬁaigéﬂrFPHﬁVgéﬁmﬁﬁFuﬂotassiun1
cal cium or barj moni tetramet hyl. anmoni um t et r,aet hyl anmoni um
tetrapropylann%%?%ﬁ?ghdc?g?ggﬁuag%éXﬁén?ERPCEFFSHS,ea or EiPions derived
fromzinc, lead or tin, -N(R); in which formula the symbols R, which
may be identical or different, represent a hydrogen
atom or an alkyl radical having from 1 to 4 carbon
10 atoms,
-OH
- the substituent (s) of Ar3, which may be identical or
different, represent(s) groups such as:
- alkyl or alkoxy radical having 1 to 2 carbon
15 atoms,
- chlorine atom,
- hydrophilic group such as:
-COOM, -PO;M, M representing an inorganic or
~organic cationic residue chosen from a proton, cations
20 derived from sodium, potassium, calcium or barium,
ammonium, tetramethylammonium, tetraethylammonium,
tetrapropylammonium and tetrabutylammonium cations,
cations derived from zinc, lead or tin,
-N(R); in which formula the symbols R, which
25 may be identical or different, represent a hydrogen

atom or an alkyl radical having from 1 to 4 carbon

atoms,



N(R)3 in which fornula the synbols R which 25 may be identical or

different, represent a hydrogen atom or an al kyl radical having from
1 to 4 carbon at ons, : - OH

8 overall, at least two of the said substituents of Arl, Ar2,
Ar3, D1, D2 and D3 for the phosphines of fermula (1) and of Arl, Ar2,
D1 and D2 for the phosphi nes of formula (I1) being a hydrophilic
group as defi neeradl, aioveast two of the saidd substitddntry kgl es of
phosphi nes of general formula (1), nention may be nade in particular
of tri s(hydroxm:hﬁl)%)h@phl% and DY Zchydﬂw)mtdgpl)}nes of fuhowpld ne,
tris(3-hydroxyprapyl) hosphlne tris- (2- carboxynethyl)phosphlne t he
sodi um salt of &I of Arl xﬁﬁhéﬁyiﬁﬁhdgﬁh  phosphines of
tris(3-carboxyet hyl ).pho I ne,

tri sE4-tri met h%"&%‘i’r@rﬂ @nﬁﬂ%ﬁmﬁqwjdé: P as defdnedn salt of
tris(2-pho hoe Qrﬂmsphlne bi s( 2- car boxyet hyl ) phenyl phosphi ne,
hydr oxynet Ib| (%’ 15 hydroxyethyl)phosphine the sodium salt of
tris(para- phosphoghe h SRAi-ne, t he SOdI aIt aof bis ta-

sul pﬁ\gphenyl) par a- car bo%gp%or{%ﬁﬁﬁ" &Pgne’%\af%wt%e o?&fﬁ t of

ﬁl)f]( IrTF%at |Sﬁ|gp2 anpl e z)fi%rhosp |(nI§g| SIPQFEIM mgﬁer al doer Z"ni% fa(ﬁtll)culr?ernt ;A\(S)n
rzfa)zl bgl ;n[igIG( ;Blﬁﬁé%%gﬁ%meﬂfyﬂ)%ﬁﬁh% St Hf2-hydroxyethyl) -
phosphine, tris(3-hydroxypropyl)phosphine, tris-

10 (2-carboxymethyl) phosphine, the sodium salt of tris(3-
carboxyphenyl) phosphine, tris(3-carboxyethyl)phosphine,
tris(4-trimethylammoniophenyl)phosphine iodide, the
sodium salt of tris(2-phosphoethyl)phosphine, bis(2-
carboxyethyl) phenylphosphine, hydroxymethylbis (2-

15 hydroxyethyl)phosphine, the sodium salt of tris(para-
phosphophenyl)phosphine, the sodium salt of bis(meta-
sulphophenyl)—para-carboxyphénylphosphine and the |
sodium salt of bis(meta-sulphophenyl)-2-
sulphoethylphosphine.

20 As non-limiting example of phosphines of
general formula (II), mention may be made in particular
of the sodium salt of 2,2’-bis[di(sulphonatophenyl) -
phosphino] -1,1’ -binaphthyl, the sodium salt of
1,2-bis[di (sulphonatophenyl) phosphinomethyl] cyclobutane

25 (CBDTS), 1,2-bis(dihydroxymethylphosphino)ethane,
1,3-bis (dihydroxymethylphosphino) propane and the sodium
salt of 2,2’-bis[di(sulphonatophenyl)phosphinomethyl] -
1,1’ -binaphthyl.



phosphi no] -1, 1' - bi napht hyl, the sodium salt of

1, 2-bi s[ di (sul phonat ophenyl ) phosphi nonet hyl ] cycl obut ane 25 (CBDTS),

1, 2- bi s(di hydr oxymet hyl phosphi no) et hane,

1, 3- bi s(di hydr oxynet hyl phosphi no) propane and t he sodi um salt of

2, 2" -bi s[di (sul phonat ophenyl ) phosphi nonet tgyl ] - 1, 1' - bi napht hyl .

9 Needl ess to say, m xtures of several water- sol ubl e
phosphi nes defi ned aboveNeedlkssusedsay, mixtures of s8uswralf whber-

wat er - sol ubl e phosphi nes of formula (1) or (Il) are comrercially

avai | abl e. 5soluble phosphdneshdefiopdr abowr cfant be uskdrs, reference
may be made to the general or specific processes for the synt hesi s of
phosphi nes descri bed |n $ﬁ@eg@ﬁeﬁhﬁ water-gpdublsephogphinesHofben- Wyl ,

Met hod der org%nlsc , organi sche_Phosphor Verbi ndungen, Par t
1 10 (1963)fcrmula (D) or (IIla§FFyC°WUPrFH§15VeEHFaﬂ?bﬁe®f t he wat er -
sol ubl e deglvatlves not ' starting with

cribed, i
phosphi nes>not contalnlngeS ghﬁapggparatlgnsaﬁusg@ obhersy uERESTEBFPNed
ggggfithgnigéd#%%sbéSm % g é?ggggrgioPrQQBﬁﬁF g%igﬁgéggg 2Ib:glogntroduced
b ti S | pbu carboxyl at e,
phosphonat e an qua¥*§‘%fﬁ§?§g i bhgsBfisfles describl T ¥narBEREEE")

appl ying the kppugei<fs sﬁEﬁ”hEahOHBEHQﬁé hor mERh8qat ¥BE BEgQXQEEﬁéhS
Ni ckel , cobalt, iron, palladium pla |nun¥
Chemie, organische Phosphor Verbindungen, Part 1
10 (1963) .

Lastly, for the preparation of the water-
soluble derivatives not described, it is possible,
starting with phosphines not containing any water-
soluble substituents defined above, to readily

15 introduce one or more of these hydrophilic
substituents. Thus, sﬁlphonate groups, for example, can
be introduced by reacting SO, with sulphuric acid.
Similarly, carboxylate, phosphonate and quaﬁernary
ammonium groups can.be introduced by applying the known

20 chemical methods for this type of synthesis.

Nickel, cobalt, iron, palladium, platinum,
rhodium and iridium compounds are preferably used as
transition metal compounds. Water-soluble compounds or
compounds capable of dissolving under the reaction

25 conditions are used. The residue attached to the metal
is not critical provided that it satisfies these

conditions.

Among the abovementioned compounds, the ones



r hodi um and I ridium conmpounds are preferably used as transition netal

conpounds. Wat er-sol ubl e conpounds or conpounds capabl e of di ssol ving
under the reaction 25 conditions are used. The residue attached to the
et al is not critical provided that it satisfies these

condi tions. Anong t he abogenenti oned conmpounds, the ones
10 nost preferred are the nickel conpounds. As non- limting
exanpl es, nent mostnpyrefermede ace thepmindel composumels .aRsninone! _
carboxylates (in particular nickel acetate, nickel formate and nickel
citrate), nickdimiting exeppdese, mentiion hayabeomade ofi cosiponmdat e, ni cke
brom de, nickel chloride, nickel iodide, nickel . _thiocyanate, nicke
cyani de, ni ckeFurRdrExndekedi graboxylatelsydisppegshicudamindickielphosphi t e,
ni ckel phosphate and . ., derivatives, nickel nitrate, nickel sulphate,
nickel 10 sBFERPLE, micksl fPymatepredandskeddciitarse) ., :1Ckelk

al kyl sul phanat es., . Jdt s not negessary for the nicke
con%oundp 5 CREDEPAtEy Bd kgl PiSEK FeFoplgiﬁﬁp%@FaﬁFck&leel

cyani de, mhichbggmﬁagriﬂgbke o%ﬁ L%ﬁggpﬁgﬁg%éldkg ghéésni%iel¥ﬁgl in an

aqueous solution o méter-Fo u t
[ : . resent. prqcess
Cont o e’ cay Epigebabitel LB hntge, ISR BGAESCUs doSs

i
: 1
contalns a cat mpart men n n anode C

gell Cansggarah&&QoﬁEE@ﬁhite?Onickel phosphlie,CalilRds PhokPhateCahiO! YSis
derivatives, nickel nitrate, nickel sulphate, nickel

10 sulphite, nickel arylsulphonates and nickel
alkylsulphonates.

It is not necessary for the nickel compound
itself to be water-soluble. For example, nickel
cyanide, which is sparingly soluble in water, dissolves

15 well in an aqueous solution of water-soluble phosphine.

The electrolysis cell of the electrolysef
used in the present process contains a cathode
compartment and an anoae compartment separated by a
separating member.

20 The cathode of the electrolysis cell can be
made of a material such as platinum, gold, iridium,
ruthenium, palladium, nickel, graphite, vitreous
carbon, iron, a stainless steel, a special steel, lead,
zinc, cadmium, mercury or an amalgam. It can also

25 consist of titanium, tantalum, nickel or a stainless
steel, coated with a layer of platinum, gold, iridium
or ruthenium, with a mixture of several of these

metals, with platinum oxide, palladium oxide, iridium



made of a material such as platinum gold, iridium r ut heni um
pal | adi um nickel, graphite, vitreous carbon, iron, a stainless
steel, a special steel, |ead, zinc, cadm um nmercury or an amal gam
[t can also 25 consist of titanium tantalum nickel or a stainless
steel, coated with a |ayer of platinum gahd, iridium or ruthenium
with a mxture of several of these nmetals, with platinum oxide,

pal | adi um oxi dexidei,drliwdium oxide, ruthexiitien oudidiei,usmiiute oxidiehed um
oxi de, osm um oxi de or tantal um oxide, or with a m xture of several
of these tgrtadym oxide, or with aThéxtureodd sawemralecd thaise
structure such as 5 a plate or grille or a volum nous structure; it can,
in parti C¥LEES-pe perforated or unfolded G anul ar piles of the
materi al s nmenti oned above, felts qr foans these materials can be
used as vol uni nous- type The °a§PP§8tGPBshaVEOa flat structyxe shedeasan be

d f t iridium ruthenium
gglfagluﬁlgﬁlgégpha% or 8Fé&ﬂﬁt8§ 9|VPEHU%gegﬁbéﬁru&tgFﬁvnP§s§a§beéP a

of. ti_tani ym or

|
et hium coat cBobEigBlars e beriBRaRelnotoRRhall WAl hi1 e i um
wth a ”‘XtUreo?ftﬁgvﬁﬁﬂgrgglghﬁéﬁ 1oneﬁogBB@E gﬁEQ ﬁelpﬁ%:g |de

pal | adi um oxi de, 1ridium am- Oxi

osm um oxi de Othese maEéBEéhH”bQﬁ'Q@ uQEdWhEhvélghihBﬁg-9§8§everal Of these
oxi des. 20 The structure of the anode can be vari ous

structures.

10 The anode can be made of a material such as
platinum, gold, iridium, ruthenium, palladium, nickel,
graphite, vitreous carbon, a stainless steel, a special
steel or lead. It can also consist of titanium or
tantalum coated with a layer of platinum, gold,

15 iridium, ruthenium, with a mixture of several of these
metals, with platinum oxide, palladium oxide, iridium
oxide, rhodium oxide, ruthenium oxide, osmium oxide or
tantalum oxide, or with a mixture of several of these
oxides.

20 The structure of the anode can be of various
types, és has been defined for the cathode.

The separating member of the electrolysis
cell consists of an.ion—exchange membrane or a porous
diaphragm.

25 The membranes can be of the cationic type, in
particular prepared from cation-exchange resins
containing acidic groups, such as sulphonic groups or

carboxylic groups. Preferably, membranes prepared with



types, as has been defined for the cathode. The separating
menber of the electrolysis cell consists of an ion-exchange nenbrane
or a porous di aphragm 25 The nmenbranes can be of the
cationic type, in particul ar prepared from cation-exchange resins
cont ai ning acidic groups, such as sul phonag groups or car boxylic
groups. Preferably, nenbranes prepared with .

12 sul phenilphpadcngewiins i 1dsbe. vAednedisr aeebraheishiof this type,
mention may be nmade, for exanple, of those sold under the brand nanes
Nafion[err] (p&¥PRuomensabphoalycbe madepedfioraessnpde,Seifetrhoseesolld 5

The menbranes can al so be of anionic type, but -cationic menbranes are
general |y pref BRA€Y shRcbrand namggy Npfienk deerfilnomonisud pbbnddvant ages.
In particular, they are nore sglid than anionic nenbranes ~and
they al so nakemFFgﬁﬁggﬁ | 8Tt SSREPROM th higher 10 current intensities.

; . . : de of
porous. cer B o di aphr agAESTHBEEERRes SAn\glen BE ASnABJERIG AYRELIc
fibres, or depqsit . s Laphragns _nade of ashestos _fibres or synthetic
fibres. ‘15 B3t Sgt1°n’rﬁeg$§§§P§?F’nSrﬁeﬁﬁBFré‘;SrYbBrﬁS&ﬁﬂ-’i? ofhce?™"
supported on t n 0 ) c : nentione
above, the aquggﬁg ggﬁﬁt?O§ErEQ§n g%ﬁ%??s?ﬁga Hgn&g ggénggte or bidentate

wat er - sol ubl e partichasphineyaddet Rerkr 883k PRaAELAL oRBPAURR LS ekOuUNd in
and they also make it possible to work with higher
10 current intensities.

The porous diaphragms can be, in particular,
diaphragms made of porous ceramic, diaphragms made of
woven or nonwoven synthetic fibres, or deposited
diaphragms made of asbestos fibres or synthetic fibres.

15 The separating member can be mounted
supported on the anode or on the cathode.

As mentioned above, the aqueous solution
comprising the monodentate or bidentate water-soluble
phosphine and the transition metal compound is found in

20 the cathode compartment. The initial concentration of
monodentate or bidentate water-soluble phosphine is
generally between 103 mol/litre and 1 mol/litre. The
initial concentratidn of transition metal compound, in
particular of nickel compound, is generally between

25 10"° mol/litre and 1 mol/litre.

Other compounds which allow the electrolyte
conductivity to be increased, such as, for example,

soluble salts, can be added to the cathode compartment.



20 the cathode conmpartnent. The initial concentration of

nonodent at e or bi dentate water-sol ubl e phosphine is general |y between
10[err] nmol/litre and 1 nol/litre. The initial concentration of
transition netal conpound, in particul ar of nickel conpound, is
general ly between 25 10[err] nmol/litreaand 1 nol/litre.

O her conpounds which allow the electrol yte conductivity to be

i ncreased, such as, for ©ompllexing agertd Wapakdal tof moalifyeimydeek to the
cat hode conpart nment. 13

Conpl exi ng agemodegdial] etofwhindhi fohengeduetion ofpdthenttiranedtt i ch t he

reduction of the transition metal is carried out can al so be added.
As exanpl es of metal iscrrried outhFaayaise bee@dded .nds sxamdesofof

cyani des 5 and chl ori des., . The solution in the cathode
conpart ment cafuch complexingnagest sooMeFAEN WY O dlade of ¢veaislest e t he
cat al yst prepared by _.the process of the invention. These conpounds .
are, in paFticﬁ?éh, lokidesi ds. 10 In the present text, the

termLewis acid is rédesr t 0%, accqrdi R%gtho he usualt defti nition, to
refer to e!ectron-&ﬁﬂr;f&%ﬁ‘t& 15’03-‘5'& oce compartment SR Lew s
oS, SRR Sippunas SHLRR N 1 Mg o
(het " PoLL | pkteayes prepareg b, (T RN SE S A e Lo 10
These compounds are, in particular, Lewis acids.
10 In the present text, the term Lewis acid is
understood, according to the usual definition, to refer
to electron-pair-acceptor compounds.
The Lewis acids mentioned in the treatise
edited by G.A. Olah "Friedel-Crafts and Related
15 Reactions", volume I, pages 191 to 197, (1963) can be
used in particular.
The Lewis acids which can be used in the
cathode compartment are chosen from compounds of the
elements from groups Ib, IIb, IIIa, IIIb, IVa, IVb, Va,
20 Vb, VIb, VIIb and VIII of the Periodic Table of the
Elements, as published in the Handbook of Chemistry and.
Physics, 51st edition (1970-1971) of The Chemical
Rubber Co., provided that the said compounds are at
least partially soluble and stable in water or more
25 generally in the aqueous solution to be treated by
electrolysis. These compounds are usually, but in a
non-limiting manner, salts, in particular halides,

preferably chlorides and bromides, sulphates, nitrates,



el ement s fromgroups Ib, Ilb, Illa, Illb, IVa, IVb, Va, 20 Vb, VIb, VIIDb
and VIIl of the Periodic Table of the El enents, as published in the
Handbook of Chem stry and Physics, 51st edition (1970-1971) of The
Chem cal Rubber Co., provided that the said conpounds are at

| east partially soluble and stable in watga or nore 25 generally in the
aqueous solution to be treated by el ectrolysis. These conpounds are
usual Iy, but i sudphonatesonihi patricdgulamnerifiabromeithapesulphionatesl,i des,
preferably chlorides and brom des, sul phates, nitrates,

14 sul pheaxbexylanegar acetiydncetohhtiese ntehradiubrbboattes and
carboxyl ates, acetyl acetonates, tetrafl uoroborates and . phosphat es.
As non-limtinghegehptes.-of such Lewi s acids, 5 nention may be nade of
zinc chloride, zinc bromde, . .zinc iodide, zinc L

trifl uoronet hanesul phonaf€, nepnéimiting,expmpdes; pfc shcty Aewisziegdds,
tetrafluorgborate . nganese c¢hl ori de, _manganese brom de, nicke

chl ori de, meRE iRB) MY RE(BadR PkePiRFaRhAOT iARc kBLNSC BEPMAS8 onat e, 10

' ' dm. b 1 de, . hl ori t,
PR 0 e Ly
sul phat es, n|tggégétegaﬁgﬂéﬁégkgétﬁang%ngrtEEEékﬁﬁégggﬁgggesulphonates of

rare-earth el enen anum ¢C dem' um

neodymi um 15man§aﬂggieuerhlsyiagi Ul é;ﬂgggnw%iasf,bwmée y%p&g%ﬁgg}, de

hol mum erbium tThultum ytterbiumand utetTum oba

ferrous chloridecre1ybrbmnige¢hheekde. cyanide, nickel abeegh8setblatdy
m xtures of several Lew s

10 cadmium chloride, cadmium bromide, stannous chloride,

stannous bromide, stannous sulphate, stannous tartrate,
chlorides, bromides, sulphates, nitrates, carboxylates
or trifluoromethanesulphonates of rare-earth elements
such as lanthanum, cerium, praseodymium, neodymium,

15 samarium, europium, gadolinium, terbium, dysprosium,
holmium, erbium, thulium, ytterbium and lutetium,
cobalt chloride, ferrous chloride or yttrium chloride.

Needless to say, mixtures of several Lewis
acids can be used.

20 Among the Lewis acids which can be used,
mention may be made most particularly of zinc chloride,
zinc bromide, zinc sulphate, zinc tetrafluoroborate,
stannous chloride, stannous bromide, zinc chloride/
stannous chloride mixtures, nickel chloride, nickel

25 bromide and nickel acetylacetonate.

The Lewis acid used generally represents from
0 to 50 mol per mole of transition metal compound, more

particularly of nickel compound, and preferably from 0



acids can be used. 20 Anmong the Lewi s acids which can be used,
nmention may be nade nost particularly of zinc chloride, zi nc brom de,
zinc sul phate, zinc tetrafl uoroborate, st annous chl ori de, stannous
brom de, zinc chloride/ stannous chloride m xtures, nickel chloride,
ni ckel 25 brom de and ni ckel acetyl aceggnate. The Lew s
acid used generally represents from 0O to 50 nol per nole of
transition netab commolngpermmide. particularly of nickel conpound, and
preferably fromO to 10 nol per nole. The
anode conpartnent contai Theaanadeccompartmentolcontaing aan agmebyise whi ch
can consi st of an acid such as, in particular, sulphuric acid, nitric
aci d, 5 wat 8éplysiopl efcanbenpliyteavhdshsgeh aonasdeti ofaaind acitl

their salts, in particular the sodium potassium anmoni um or

quat ernary ammB§HFBnRSal i Partirudapassulphurigyaieids, nitrder aicid,ar
sodi um hydgoxi de. or po&a I um hydroxi de. Preferably, the anolyte wll
be chosen Pront@§gr-5@ PgﬁﬁrFér?9ﬁﬂléﬁdapﬂgssﬁpp§,a?naﬁéﬁﬂpcépéﬂr of

o POt oS U rbgeR RS, (R bR U MO TR, B e sdhum sulphac
I e T S
conpart ment iSSHEH65§L|anngEicular}oEgﬁﬁhmnﬂ&ékk&&%et%rBPQQLQEEh&e'
hydroxide. Preferably, the anolyte will be chosen from
10 sulphuric acid and its salts, in particular dipotassium
sulphate, potassium hydrogensulphate, disodium sulphate
and sodium hydrogensulphaté.
The anolyte can also consist of one or more
water-soluble phosphines defined above.
15 The initial concentration of the anolyte in
the solution in the anode compartment is generally from
10" mol/litre to 3 mol/litre.
The electric current used in the process of
the invention is defined by its intensity and the
20 cathode potential. The potential can be kept constant-
throughout the electrolysis (potentiostatic). Another
possibility is to keep the intensity constant
(intensiostatic). In the continuous running of the
process of the invention, these two variants are
25 equivalent. |
When the process is performed at constant
potential, the value of this potential can readily be

determined by those skilled in the art by plotting



The electric current used in the process of the invention is defined
by its intensity and the 20 ~cathode potential. The potential can be kept
+_const ant t hroughout the electrolysis (potentiostatic). Another
‘possibility is to keep the intensity constant (intensiostatic). In

t he continuous running of the procegg of the invention, these two
variants are 25 equi val ent . When the process is
perfornmed at cénseastity/potpotdafli aurvelse val ue of this potential can
readily be determ ned by those skilled in the art by plotting

16 i nt ensi ty/ pot enfThel cugrent. density can reachTB® addméntItebsity
can reach 30 A/dnferr]. It is . adjusted as a function of the anmount of
transition adippted 86 Befpngtiden. of the amount of fwensdmpenature at
whi ch the process (s perfornmed is generally fromO[err]C to 95[err]C.
An advantageou?eGthEﬂtberFﬁgcﬁﬂocess of the i nvention consists in

and has belome at 10 FB¥oEepRRFRLFS Pradhid CRRETORe8R: afyst based on
e e o PRSI R BoRIORIR e g Lo
o S ST Uoct B agvasbleli ORLANALI B Racty Bl Bt efhene
particular by oxydatien 8bnkRStk’ #ASkEbeReMatihg INkPent catalyst,
i.e. a catalyst which has been used and has become at
10 least partially inactive. Thus, a catalyst based on
monodentate or bidentate water-soluble phosphine and on
a transition metal in oxidation state 0 or 1, also
optionally containing one or more Lewis acids, used in
the hydrocyanation reaction of butadiene and/or of
15 pentenenitriles, gradually becomes deactivated, in
particular by oxidation of the transition metal. This
transition metal, and more particularly nickel, is
converted at least partly into cyanide. At the end of
the hydrocyanation reaction, the aqueous phase
20 containing, in particular, the monoden?ate or bidentate
water-soluble phosphine and the transition metal
compound can readily be separated from the organic
phase. This aqueous'phase can contain variable amounts
of compounds initially introduced, such as butédiene
25 and/or pentenenitriles, or compounds formed during the
reaction, such as adiponitrile, methylglutaronitrile,
ethylsuccinonitrile, pentenenitriles and methylbutene-

nitriles. The aqueous phase is treated



transition netal, and nmore particularly nickel, is converted at | east

partly into cyanide. At the end of t he hydrocyanation reaction, the
aqueous phase 20 containing, in particular, the nonodentate or bidentate
wat er - sol ubl e phosphi ne and the transition netal conmpound can readily
be separated fromthe organic phasez7Thi s agueous phase can contain
vari abl e anounts of conpounds initially introduced, such as butadi ene
25 and/ or pent eleerittroichesmical 1§00 dederfited dbdve ig tditler to reaction,
such as adiponitrile, methylglutaronitrile, et hyl succinonitrile,

pent eneni t ri | esregeteratieyithet eacalyst. nitriles. The aqueous phase is
treated E 17 el ectrochem cal ly
as described above in or f&e texample whigindodilowshd ldatsdirgdtes the

The exanpl e which follows illustrates the i nventi on. 5

EXAMPLE invention.appar at us used - The electrolysis
cell is cogposed of a gl ass cylindrical container with a working

vol ume of &bout 10&ZAMPLE, \hich there is a cathode in the formof a

10 platinumgrille, a c¥lindrical angge wel |, placed i nsi de the

cathode grille and conpr 2 se a menbr ane nade of Nafion

417[err] type resin and i i .t h ode, in _the form of pl ati num
The 8188 eropyeig Gello b, chregtssh o o gla

plate is inserted. el ec 5% 15

potentiostat WaARnAliews WaateanRode iRel MWodkihg RO1ume of about

100 ml, in which there is a cathode in the form of a
10 platinum grille, a cylindrical anode well, placed
inside the cathode grille and comprising at the base a
membrane made of Nafion 417® type resin and in which
the anode in the form of a platinum plate is inserted.
The electrolyser is connected to a
15 potentiostat which allows the cathode potential to be
kept at a value of -1.2 volts relative to an Ag/AgCl
reference electrode.
Abbreviations used:
3PN = 3-pentenenitrile

20 ADN

adiponitrile
RC = selectivity towards a compound obtained
relative to the starting compound converted
t.o. = turnover = number of mmol of
dinitriles formed per mmol of Ni(0) used

25 . COD = cyclooctadiene.
The cathode compartment of an electrolyser is

loaded with 50 ml of an aqueoﬁs solution containing

7.5 mmol of nickel cyanide Ni(CN), and 15 mmol of the



kept at a value of -1.2 volts relative to an Ag/ Agd ref erence

el ectrode. Abbr evi ati ons used: 3PN =
3-pentenenitrile 20 ADN = adi ponitrile RC =
Selectivity towards a conmpound obt ai ned relative to the
starting conmpound converted 18 t.0. = turnover = nunber of
nmol of dinitriles forned per mmol of N (0) used 25
COD = cycl ooct sgiddvan salt of 1,2-bis [dihesulathores apirgrey X )nndspifi

el ectrolyser is | oaded with 50 ml of an aqueous sol ution contai ni ng

7.5 mml of ni dedhydyaydontame [@BOTHNd 15 mol of the
sodiumsalt of 1, 2-bis[di (sul phonat ophenyl ) phosphi no-
met hyl ] cycl obut ane (CBDT§) ) ml of aqueous sulpfmnjic @cishuesdmsisul phuric

acid solution 3’(3 re loaded_ into the anode conpartnent. 5
The el ectrol ysi(@-i02 rﬁr«?d ]ﬁﬁaa 12'3:[% thecanode compart@iantol | ed potenti al
of -1.2 volts Sarrples_a en uIarIIy %order tQ ass%tthe

r emai ni ng ﬁl(ll) by Qre(fd:r‘ 1s ried out gt 45 ol ysi s

for 15 h, 80% ¢ I arg cqnwert nt
Hydr ocyanat i on test S lf]e% I?e'@f ﬁé)r\ 1eng":-nl gr:% yoitd. SO #‘ﬁg (’?ﬁ:tealtfé‘[e%ol ution
1 generated el %@b{ﬂ.%&qe;‘ G lokder to ass-g%tt%e rema ti’ qy%fl ((Im%Dll? (0)

HCN RCADN t ("
CT1* Ni ( COD) %@B@Tﬁjraphﬂrﬁ 44 81 4

After electrolysis for 15 h, 80% of the

10 Ni(II) are converted into Ni (0).
Hydrocyanation tests of the 3-pentenenitrile

in the catalyst solution 1 generated electrochemically.

Tests Catalyst Ni (0) HCN RCADN| t.o.

(mmol) | (mmol/h) (%)

CT1* Ni (COD) ,/CBDTS 4.5 44 81 4
15 CT2** | Ni (CN),(CBDTS) 0 44 0 0
Example solution 1 3.6 35 80 5

Operating conditions of the hydrocyanation
tests:
. 3PN: 204 mmol; ZnCl,: 20 mmol} 65°C; 0.5 h.
20 CTl* = comparative test with a catalyst
prepared by exchanging the COD ligands of Ni(COD), with
CBDTS,
CT2** = comparative test with an
Ni (CN),(CBDTS) solution which has not been treated

25 electrochemically.



15 CT2** Ni (CN)2(CB S) 0 Exanpl e .

(Szglng;[ ![ ?gni of the hydrocyanat i on ““m“ lﬂ!ﬂj "I|| “ |II| qog{:ﬁtl 284

hmol ; ZnCl [err]: 20 mol ; 65[err]C 0.5 h. CTi* =
conparati ve tewWo w‘nvmaseat al yst pr epar ed by exchapgrpgrdbgoL6ku

| igands of N (COD)[err] with CBDTS, CT2** =
conparative test with an Ni (CN) 2( CBBIME sol uti on which has not been

treated 25 el ectrochem cal ly. WO 97/ 24184
19 PCT/ FRO6/ @2024Process for the electrochemical CLAI M

1. Process for the el ectrochem cal preparation of catalysts
contai ni ng at P&gparaféon of catadysteomonrtRining exi dgeistnopeate 0 or 1,
conbi ned 5 _wth at |east one nongdentate or bidentate water-

sol ubl e phosphFﬁ@nS&ﬁéPHci“@FP‘%e&nl RxiAatirp &5astesPsoaf 1, combiped

Cransi ti onoret é{?%%”ﬁgée,%fas 4 ReogR0r Bher o5 bifieAGaER: ¥AESE bi dontate
erect ol ysis cgPrusHEIEh @%Psﬁlygéﬁra?ﬁstrﬁ%ﬁ 5af het TR CoRRRErR o

ot ST e et LA o o e B
which: 15  -c6hta?A9nd’ at MBhEE BRY RahdeRibhdhe?h1dbbhPbeRE ana

at least one monodentate or bidentate water-soluble

10 phosphine, placed in the cathode compartment of an
electrolysis cell of an electrolyser, the monodentate
phosphine corresponding to the general formula (I):

P(Arl), (Ar2),(Ar3).(D1)4(D2).(D3), (I)
in which:

15 - Arl and Ar2, which may be identical or different,
represent aryl groups or aryl groups containing one or
more substituents such as:

- alkyl or alkoxy radical having 1 to 4 carbon
atoms,

20

halogen atom,

nitrile group,

nitro group,

hydrophilic group such as:
-COOM, -SO;M, -PO;M, M representing an
25 inorganic or organic cationic residue chosen from a
proton, cations derived from alkali metals or alkaline-
earth metals, ammonium cations -N(R), in which formula

the symbols R, which may be identical or different,



represent aryl groups or aryl groups containing onem\
substituents such as: - al kyl or al kox ﬂﬂ l1to4
car bon atoms, 20 - hal ogen atom m" "n "m”m',e group,
= nitro group, - hydrophilic group such*ase¢

-CooOM -Sgerr]M -PJerr]M Mrepresentinpg an 25 |norgan|c or organic
cationic residue chosen froma proton, cations derived from al kal

metal s or al kaltiepresent a épddoget altom P WhleA! e cadY Mdwarg in

whi ch formul a the synbols R, which nmay be identical or different,

20 repr efamom & lped dogarkeino mtamsgn tdlek dthreadiceedidmyideyived from 1
to 4 carbon atons, the other cations derived _fromnetal s whose

aryl car boxyl i ¢ fxem mstmhﬂmia@ylcarbcamldmaml pirydshdpheonde d salts
are wat er-sol ubl e, -N(R), 3 in which fornula the synbols R
whi ch mapcis R?eﬁtryéfﬂh‘?(ﬁphdﬁnﬂ-fceraéﬁ{d S@éﬁl%?é’iﬁ watigrhsedaple, at om
or an al kyl. radical having from1l to,4 carb

-OH 10 2 Ar3 represent (§H3aF9IWBFSpreﬁﬁPéFnFHS giggglsnﬁreWhiCh
i;?g;'ﬂt uents S?"%Eﬁs% identical orhglal(%?&;eg{ ﬁ]lrléo :sre(illctj:I %al ra;oltg‘g%é ;(r)oﬁp,

atom or an alkyl radical having from 1 to 4 carbon

atoms,

-OH
10 - Ar3 represents an aryl group containing one or more
substituents such as:
- alkyl or alkoxy radical having 1 to 4 carbon

atoms,

halogen atom,

15

nitrile group,

nitro group,

hydrophilic group such as:

-COOM, -PO;M, M representing an inorganic or
organic cationic residue chosen from a proton, cations
20 derived from alkali metals or alkaline-earth metals,
ammonium cations -N(R), in which formula the symbols R,
which may be identical or different, represent a
hydrogen atom or an alkyl radical having from 1 to 4
carbon atoms, the other cations derived from metals
25 whose arylcarboxylic acid or arylphosphonic acid salts
are water-soluble,
-N(R),; in which formula the symbols R, which

may be identical or different, represent a hydrogen



- hydrophilic group such asT——————

- nitro group, - o
-COOM -PJerr]M Mrepresenting an inorganic o grgani c cationic
resi due chosen froma proton, cations 20 dermmw"ﬂ"m u:'th al's or
al kal i ne-earth netal s, ammoni um cations - it h fornul a
the synbols R whi ch may be identicall or different, répr’ésent a
hydr ogen atom or an al kyl radical having from1l to 4 carbon atons,
the ot her cati etonden waed aflikyh matddilcal dEvinghdemrly [teardbeeaybon aci d or
aryl phosphonic acid salts are wat er-sol ubl e, ~ -N(R)3
in which fornuP&OM$e synbols R, which may be identical or different,
represent a hydrogen ' 21 at om
or an al kyl radical havin®¥rom 1 to 4 carbon at ons,
-H at least one of the said sybstituents of Ar3 being a 5
hydrophi lic gr pt1§§sge1°ﬂ?e(?%al§g\?e,sald Sutb-St&tP@&t@saﬁ 413 Heipg a - b
represents 0 o #F .qs - C represents 0 or .1 - D1, D2 and D3,
whi ch may Be ig‘é{ CPRL 14 &rﬁ“éf@ﬁ, efsfﬁledoraé’r?rlv&ent an al kyl group, a
cycl oal kyl group_o I or cycloal kyl group containing one or
nor e subst it %gﬁfn%esgﬁl&s ?S!&{J 1. - al koxy radical having 1 to 4
carbon atonms, _. p represeht@abOQﬁn1§t0”1
- C represents 0 or 1,
- D1, D2 and D3, which may be identical or different,
10 represent an alkyl group, a cycloalkyl group or an
alkyl or cycloalkyl group containing one or more
substituents such as:
- alkoxy radical having 1 to 4 carbon atoms,
- halogen atom,
15 - nitrile group,
- nitro group,
- hydrophilic group such as:
-CoOM, -SO;M, -PO;M, M representing an
inorganic or organic cationic residue chosen from a
20 proton, cations derived from alkali metals or alkaline-
earth metals, ammonium cations -N(R), in which formula
the symbols R, which may be identical or different,
‘represent a hydrogen atom or an alkyl radical having
from 1 to 4 carbon atoms, the other cations derived
25 from metals whose carboxylic acid, sulphonic acid or

phosphonic acid salts are water-soluble,
-N(R); in which formula the symbols R, which

may be identical or different, represent a hydrogen



15 - nitrile group, - nitro group,

hydr ophili ¢ group such as: err]Nl M
representing an i norgani ¢ or. organic catl IH l “H 2N fron1a
Ka

20 proton, cations derived fromalkali nmetals or«a Line- s
metal s, amonium cations -N(R)[err] in wheeh fornula t he synbols R,
whi ch may be identical or different, represent a hydrogen atom or an

al kyl radical bh&eomegr an alkydmradicald baviag fromsl ttloe 4otdaaborat i ons
derived 25 fromnmetal s whose carboxylic acid, sul phonic acid or
phosphoni c aci @tomsts are wat er-sol ubl e, -N(R)3 in which
formula the synbols R which may be identical or different, represent
a hydrogen -OH 22 atom or an
al kyl radical having frogm1 to 4 carbon at ons, - OH
- d, e and f repﬁesgnﬁné &r represent 0 Oxelgym (a+b+c+d+e+f) is equal to 3
or a bidentate ph sphlne r espondi g .to the g%neral formula (I11):
(Ar1) [errP(Ar2) YP&r PP 1()a+rcr Der egual B(Ar1) [err](Ar2)

[err](DI) [errLQD%>LSr%Lt %Ilbpgﬁphlne cPrf%sPonggpg to t%e Arzegpa and D2

have the neani ngs "given above , d, e, g,
h, I and j eac?o&ﬁﬁﬁgsq&&)q or 1, - the sum (a+b+d+e) is equal to 2,

(Ar1),(Ar2),(D1)4(D2) P-L-P (Arl) (Ar2),(D1), (D2) (1I)
in which:

10 - Arl, Ar2, D1 and D2 have the meanings given above for
formula (I}, |
- a, b, d, e, g, h, i and j each represent 0 or 1,
- the sum (a+b+d+e) is equal to 2,
- the sum (g+h+i+j) is equal to 2,

15 - L represents a single valency bond or a divalent
hydrocarbon-based radical such as an alkylene radical,
a cycloalkylene radical, an arylene radical, a radical
derived from a heterocycle containing one or two
oxygen, nitrogen or sulphur atoms in the ring, these

20 various cyclic radicals being directly attached to one
of the phosphorus atoms or to the two phosphorus atoms
or being attached to one of the phosphorus atoms or to
the two via a linear or branched alkylene radical
having from 1 to 4 carbon atoms, it being possible for

25 the ring(s) which may form part of the divalent radical
L to contain one or more substituents as defined for
Arl, Ar2, D1 and D2.

2. Process according to claim 1,



- the sum (g+h+i+j) is equal to 2, - L'represents a single val ency

bond or a dival ent hydrocarbon based ra al kyl ene

radi cal , a cycl oal kyl ene radi cal, an ar ;l!gﬁ“liﬁmﬂ [Ellradi cal
derived froma heterocycle containing one or nitrogen or
sul phur atons in the ring, these 20 various cyclic radicals being
directly attached to one of the phosphorus atons or to the two
phosphor us at oharacterdzeieiing tdiatathed eleanelyfsitsthegiiosgghdathes at ons or
to the two via a linear or branched al kyl ene radi cal havi ng
froml to 4 cadlectatcdyser tcdnsiaignspes sidtihodeocommriment @ngy@) whi ch nmay
formpart of the divalent radical L to contain one or nore
substituents aanddfe eethpegitment semeratgd byDR S#@PayAting member 2.
Process according to claim 1, 23
characterized iConsHAting off én demysxchange gemhrane or & RGBS ser
contai ns a _cat hgde conpartnent and an anode conpartnent separated by a
separati ng nen@éaphragqxwwlstlng of an ion-exchange nenbrane or a porous

5 di aphragm Process acc dln f.clains 1

and 2, characterized in tiat t%é’cc?ast%c?c?e e}fectrol ysa}ls Tell is
made of a mat er'rﬁ Zs,li?}xa@sacthertlz% rplﬁﬂatgqr%b éa{ﬂl'fg&gnof yteni um

pal | adi um ni cK grap Tt eols car Iron, a stainless steel,
a speci ale 13486l Js%dceﬁln&s | 8 ATREAEM O Alth ag  amal gam o

consi sts of tltanlun1 tanta um ni cke a stai nl ess steel, coated
wWth a |ayer‘ﬂbﬂaﬂﬂﬂdﬁﬁngdmﬁfilrldlum, ruthenium, palladium, nickel,
10 graphite, vitreous carbon, iron, a stainless steel, a
special steel, lead, zinc, cadmium, mercury or an
amalgam, or consists of titanium, tantalum, nickel or a
stainless steel, coated with a layer of platinum, gold,
iridium or ruthenium, with a mixture of several of
15 these metals, with platinum oxide, palladium oxide,
iridium oxide, rhodium oxide, ruthenium oxide, osmium
oxide or tantalum oxide, or with a mixture of several
of these oxides.
4. Process according to one of claims 1 to
20 3, characterized in that the cathode and the anode of
the electrolysis cell have a flat structure such as a
plate or grille or a voluminous structure, and in that
they are perforated or unfolded.
5. Process according to one of claims 1 to
25 4, characterized in that the cathode or the anode has a
voluminous structure chosen from granular piles of the

materials constituting it, felts or foams of these said

materials.



iridiumor ruthenium with a mixture of several—of—15—these netals, with
pl ati num oxi de, pall adi um oxi de, I ridium oxide, rhodi um oxide,

rut heni um oxi de, osmi um oxi de or tantal urﬂ"ﬂlﬁwumm“um& m xture of
sever al of these oxides. e (el L, rding to
one of claims 1 to 20 3, characterized2an that t'he'cafhotle "and t he anode
of the electrolysis cell have a flat structure such as a pl at e
or grille or a volum nou§.strBrouess andordihfgato one ofheladms petbor at ed
or unf ol ded. . 5. Process according to one of clainms 1-to
25 ' 4, charact &ri gharpatenieedhdnctihabdbher anhdeansde tatezial such
vol um nous structure chosen fromgranular piles of the . materials
constituting i®S PeREANYM, f gakd, of ridéywm, szpghenium, npadipdiym,
24 , g. Process ag¢cording to one of clains 1 to 5,
characterized Phckfht PhePhhbBe VitxeRuBerREPOBych Stainlgsspshephunt gol d,
i ridium rutheniu al | adi u ni ckel , ,graphi.te, vitreous carbon, a
stai nl ess gtee??egkaESSLeg eg%apegﬁeePrOFoPﬁégFSonc5ﬁ§?§%§moPrtitaniun1or
tantal um coate L | [ -0f .platinu gol.d . i ridiym rutheni um
with a_nixtureg%ﬁﬁégvgrgsgngtﬁégé 5 aggﬁp?ﬁlg}é&ﬁpﬁmplg?#ﬁﬂn1oxide,
pal I adi um oxi d?ri%ﬁﬂ', Uit heniufd! Ethrgoﬂiggh%' ge. sé%??ﬁ‘.' 4! %%9.8’
osm um oxi de or tantalum oxide, or with a mXture of several of these
oxi des. metals, wifh plBE9ABRSoR¢A8T dba¥1568:iARCoRE e 2l BB gluko
oxide, rhodium oxide, ruthenium oxide, osmium oxide or
10 tantalum oxide, or with a mixture of several of these
oxides.
7. Process according to one of claims 1 to
6, characterized in that the separating member is
chosen from membranes of cationic type, prepared from
15 cation-exchange resins containing acidic groups, such
as sulphonic groups or carboxylic groups, and
preferably from membranes prepared with sulphonic
resins.
8. Process according to one of claims 1 to
20 6, characterized in that the separating member is
chosen from diaphragms made of porous ceramic,
diaphragms made of woven or nonwoven synthetic fibres,
and deposited diaphragms based on asbestos fibres or
synthetic fibres.
25 9. Process according to one of claims 1 to
8, characterized in that the preferred water-soluble

phosphines are the phosphines of formula (I) or of

formula (II) in which Arl and Ar2 are phenyl groups or



6, characterized in that the separating menber is ~ chosen from

menbr anes of cationic type, prepared from 15 'ﬂp resins
cont ai ni ng acidic groups, such as sul ph'onlilmgﬂamﬁ fwml)oxyl iC
Wi t '

groups, and preferably from nenbranes prepar s&l phoni c

resins. 8. Process accopging to one of clainms 1 to 20

6, characterized in that the separating nenber is chosen from

.di aphr agnms nmadphehyjogrospeecatitaining ond aphtagnsuisetd tulentey &z or
nonwoven synthetic fibres, and deposited di aphragns based on asbestos
fibres or defyiimeldetine cflialimed., A23 is a phenyl @roupProntssindngording to
one of clains 1 to 8, characterized in that the preferred

wat er - sol ubl e one orplkwepisubses ifuentise ash deflineds adovieordmuicdadm lor of
formula (11) in which Ar1 and Ar2_are phenyl_ graoups or _.

25 phenyPlgr B3p8ncoP3ai Wrdghom@yoe idenifiseilt gandd fferent, defined
inclaiml_ Ar3 is a phenyl oyp containin Qne or_ two_substituents
as defi ned>abotSPER=E itaf‘\?/’i,agli‘yLi grgpp B?V&%§ BFomuli &° SaFaE®ddentical or
di fferent, 5_represent _an alkyl group havi.ng from 1 to car_hon

atons, a cycl 0&FR 'gPo&H°ﬁ8ﬁ4§§15%F8“% SRV, gtgﬁ%% Caf%onaﬁ'§WﬁVI gr oup
having from1 ta gl?t %S%Qoﬁboﬂ%r\{ghgr from &y@tc))o%! lé:%lrb% O%Q‘.OH‘A%VIOQ’.Q > to 8

carbon atons contam?’r mor e “substi tuénts as defi ned above in
claiml1, L 10 il%@ '1n lh ] n n I]_.E%Ine%q-._o&r%di | i
from1l to 6_cafggn 215%@, a #%ﬁo%&g%ﬁggbgcbgkyc I C cﬁ%?%ﬁ?&éﬁ%ﬁe
radi cal havi ngoheotrd moel Subdtinett@ s defined above in claim 1, L

10 is a single valency bond, an alkylene radical having
from 1 to 6 carbon atoms, a monocyclic or bicyclic
cycloalkylene radical having from 4 to 12 carbon atoms,
a phenylene radical, a diphenylene radical, a
naphthylene radical, a dinaphthylene radical, a radical

15 derived from a heterocycle containing one or two
oxygen, nitrogen or sulphur atoms in the ring, these
various cyclic radicals being directly ‘attached to one
of the phosphorus atoms or to the two phosphorus atoms
or being attached to one of the phosphorus atoms or to

20 the two via a linear or branched alkylene radical
having from 1 to 4 carbon atoms, it being possible for
the ring(s) which may form part of the divalent rédical
L to contain one or more substituents such as an alkyl
group having 1 to 4 carbon atoms.

25 10. Process according to one of claims 1 to
9, characterized in that the preferred water-soluble
phosphines are the phosphines of formula (I) or of

formula (II) in which:



a phenyl ene radical, a diphenylene radical, a _____ naphthylene-radical, a

di napht hyl ene radical, a radical 15 derived froma heterocycle containing

Vari ous. tyclic radl £ S being di rect 3”2??22hi‘éqﬂlﬂllliﬂllﬂﬁllﬂllllﬂlll e

phosphorus atons or to the two phosphorus2gtons -*- 6r Beithg attached to
one of the phosphorus atons or to 20 the two via a |inear or branched
al kyl ene radi cal the subb&iitngntr(ieh bft ard eadbamr2at b chi magebeg possi bl e
for the ring(s) which may form part of the divalent radical L
to contai n oneidentiralsosdifferentsutiepresantdsiygroups sgchupshavi ng 1
to 4 carbon atons. 25 10. Process according to one of clains
1to 9, char act @lkyddornailkaexyt redjceflehaydngafletosdl goirbon

phosphi nes are the phosphines of formula (1) or of : formula (I11) in
whi ch: atoms, 26 - the
substitueng(s) of Arl d Ar2, which nmay be I dentical or different,
repr esent (3) groups'sﬁgﬁ°§§ne atom, - al kyl or al koxy radical having 1
to 2 carbon ﬁ; Bili hlokrne.atonl -

hydr ophi | i ¢ group suc yggophilic group suc -SC{err]Nl -PJerr]M M

repr esenti ng an I nobgapll Cc gb l@l’ ga]{,]é%l C%f r%%l I due chosen froma
(0]

proton, cations derived from 4odi um ’ pot assi um ﬁ%ﬁe Tor bari um

anmoni um tetr%ﬂBkB&hﬁE”B?'ngathr@§E9$hlc re91dﬁg”9ﬂb§gh from a

t et rapr opyl ammoni um and t et rabut yl anmoni
proton, cations derived from sodium, potassium, calcium

10 or barium, ammonium, tetramethylammonium, tetraethyl-
ammonium, tetrapropylammonium and tetrabutylammonium
cations, cations derived from zinc, lead or tin,

-N(R); in which formula the symbols R, which
may be identical or different, represent a hydrogen

15 atom or an alkyl radical having from 1 to 4 carbon
atoms,

-OH
- the substituent(s) of Ar3, which may be identical or
different, represent(s) groups such as:
- 20 - alkyl or alkoxy radical having 1 to 2 carbon
atoms,
- chlorine atom,
- hydrophilic group such as:
-COOM, -PO;M, M representing an inorganic or

25 organic cationic residue chosen from a proton, cations
derived from sodium, potassium, calcium or barium,
ammonium, tetramethylammonium, tetraethylammonium,

tetrapropylammonium and tetrabutylammonium cations,



cations, cations derived fromzinc, lead or tin, -N(R)3 in

whi ch fornula the synbols R, which may be identical or different,
represent a hydrogen 15 atom or an al kyl radical : hgyd t

carbon at ons, -OH - the. ngﬁm mﬂﬂl‘)‘!ﬂ!ﬂN 3,
whi ch may be identical or di fferent , 27 epresent (53" M 20
- al kyl or alkoxy radical having 1 to 2 carbon at ons, -

chlorine atom cations deriveéy diwphizinc griesmd sexchtas, -

-COOM -PJerr]M Mrepresenting an inorganic or 25 organi c cationic

resi due chosen from a protliR)can whdch forgeliavsdief symboddi R whdichssi um
cal ci um or barium . .amoni um tetranmet hyl ammoni um tetraet hyl anmoni um

t et r apr opyl ammoRXiRadentieahtcr differentcatrepresent a hydrogen cations
derived fromzinc, lead or tin, [err] in which formula

-N(R
the synbols R 3WA%PT an algxl gadigad haying %‘f‘?‘!(‘;é%ﬂ rEprRAent a

hydr ogen tomor an al kyl radical having from1 to 4 carbon 5

at ons, 5 éioms’ - OH ~overall, at least two of the said
substituents of Arl, _ I_€r2, Ar3, D1, D2 and D3 for the phosphi nes of
formul a (1) and of A@ , Ar2, D1 and D2 for the phosphines of 10

formula (1) beiagA1NYdoniddc (YU aaqéjege{i@dsubstitl?et}fe/sejof Arl,

Ar2, Ar3, D1, D2 and D3 for the phosphines of formula
(I) and of Arl, Ar2, D1 and D2 for the phosphines of

10 formula (II) being a hydrophilic group as defined
above.

11. Process according to one of claims 1 to

10, characterized in that the monodentate water-soluble
phosphine of general formula (I) is chosen from tris-

15 (hydroxymethyl)phosphine, tris(2-hydroxyethyl) -
phosphine, tris(3-hydroxypropyl)phosphine, tris-
(2-carboxymethyl)phosphine, the sodium salt of tris-
(3-carboxyphenyl)phosphine, tris(3-carboxyethyl) -
phosphine, tris(4-trimethylammoniophenyl)phosphine

20 iodide, the sodium salt of tris(z-phbsphoethyl)-
phosphine, bis(2-carboxyethyl)phenylphosphine,
hydroxymethylbis (2-hydroxyethyl)phosphine, the sodium
salt of tris(para-phosphophenyl)phosphine, the sodium
salt of bis(meta-sulphophenyl) -para-carboxyphenyl-

25 phosphine and the sodium salt of bis(meta-sulpho-
phenyl) -2-sulphoethylphosphine, and the bidentate
phosphine of general formula (II) is chosen from the

sodium salt of 2,2’-bis[di(sulphonatophenyl)phosphino] -



11. Process according to one of clalns lto ‘16——chaFae%eL+zed_Ln t hat
t he nonodent at e wat er - sol ubl e osphi ne of general formula (

hosphi ne. 11 (3- hydr OX§B¥3L§?¥S‘EE,2%L? peosers oo NP I mmmny ik
(2- car boxynet hyl ) phosphi ne, the sodi um sak8 of trls-

( 3- car boxyphenyl ) phosphi ne, tris(3-carboxyethyl)- phosphi ne, -
tris(4-trimethy,drhrbdnepivisgl), pldeplsioddure@alti odi dg 2-kis [Fddi um salt of
tris(2- phosphoeth ) - phosphlne bi s(2- car boxyet hyl ) phenyl phosphi ne,
hydr oxyrmet hyl bi{s 1) phosphimemetiy1ld sidlebutane J4BDTSY

tris(para- phosphophenyl gwpsphlne t he _sodi um salt of
bi s( et a- sul phdpReRyE) éﬁﬂﬁﬁ%ﬁﬂﬁ@ﬁﬂSPhl@P)eﬁﬁ@@ﬁh'ﬂe%ﬂh&%ﬂm&sodium

E?L;n?;tgls(neagﬂgggﬁho- I;-Z suI§¥$$%2¥§P6ﬁﬁghlge, and _t he
;gdlun1sahglpf |n§p %degﬁw%g} onat o §§$y6%390 éﬁﬂﬂqmethyll-

(sulphonatophegyh)p?&ggg thyl]cyclobutane (CBDTS),
1, 2- bi s(di hydr oXymet'hy |no)ethane 1, 3-bi s-

(di hydr oxynet hyl phosphi nq_bprow rﬁfl?i oo dde of2 o1
2,2 - bls[d|(sulphonatophenyl)phosphlnonet g’ 19r ﬁm naph&hfﬁ

12. Process acqqrdicharaeterd ld Giitkatl the transitlior hwtaQ! fidmgRird) that
the transition metal conmpound I's chosen from ni ckel, cobalt, iron,
pal I adi um 10 isplchiois@mME riofo tiidkednd ddbadjtqmm:@mowuiaadmmh are
10 platinum, rhodium and iridium compounds which are
water-soluble or capable of dissolving under the
reaction conditions.
13. Process according -to one of claims 1 to
12, characterized in that the transition metal compound
15 is chosen from nickei compounds such as nickel
carboxylates, in particular nickel acetate, nickel
formate and nickel citrate,.nickel carbonate, nickel
bicarbonate, nickel borate, nickel bromide, nickel
chloride, nickel iodide, nickel thiocyanate, nickel
20 cyanide, nickel hydroxide, nickel hydrophosphite,
nickel phosphite, nickel phosphate and its derivatives,
nickel nitrate, nickel sulphate, nickel sulphite,
nickel arylsulphonates and nickel alkylsulphonates.
14. Process according to one of claiﬁs 1l to
25 13, characterized in that, in the cathode compartment,
the initial concentration of sulphone-containing
phosphine is between 10~° mol/litre and 1 mol/litre and

the initial concentration of transition metal compound,



wat er - sol ubl e or capabl e of dissolving under the reaction conditions.

13. ‘Process according to one of clainms 1 to _ f@pd i n that
the transition netal conpound 15 is chosen fro Ili:m r‘nﬁ mﬂs such as
(5] *

ni ckel carboxyl ates, in particular nickel: acetate,L nirc

formate and nickel citrate, nickel carbonage, nickel bi car bonat e,

ni ckel borate, nickel brom de, nickel chl oride, nickel iodide, nickel
t hi ocyanat e, nilgkglartZ@ulayyanfi de ckel kedmpoutrdyxiide betwdert hydr ophosphite,
ni ckel phosphite, nickel phosphate and its derivatives, ni ckel
nitrate, nickelXOstimiefleitre ced bunphilitre. ni ckel aryl sul phonates and
ni ckel al kyl sul phonat es. 14. Process according to one of

claims 1 to 25 13, chdact &5ogass Rragarding tchenaafoddaimapdr theent |
the initial concentration of, sul phon -containin%mqﬁéﬂrﬂmwphine I s between

10[err] nol /1ithe SRFRGHATIZRS emfdat the igat OMEAFEARHat i on of
Lot on Tt T U, comoquedn, st <1low i AEGRITANE Zand 1
T s septiriAc A o R i TR e
CERoARS b SRR GRS Salibie of dRANAY e RN SREet,
potential at  whichMbHe AdBRitEUICIOREHY dliditdY Inleth1MatedlodrS-1GR 1 i ed
out, such as cyanides or chlorides and Lew s acids. 10 16.
Process accordiodg,t @udh?iad® Byanides or chlorides and Lewis acids.
10 16. Process accdrding to claim 15,
characterized in that the Lewis acid used in the
cathode compartment is 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
15 Elements, as published in the Handbook of Chemistry and
Physics, 51st edition (1970-1971) of The Chemical
Rubber Co., provided that the said compounds are at
least partially soluble and stable in water or more
generally in the agueocus solution to bé treated by
20 electrolysis, preferably from salts, in particular
halides, preferably chlorides and bromides, sulphates,
nitrates, sulphonates, in particular |
trifluoromethanesulphonates, carbdxylates,
acetylacetonates, tetrafluoroborates and phosphates.
25 17. Process according to either of claims 15
and 16, characterized in that the Lewis acid is chosen

from zinc chloride, zinc bromide, zinc iodide, zinc

trifluoromethanesulphonate, zinc acetate, zinc nitrate,



characterized in that the Lewis acid used in thE""""'\wrmdmartmnt

I s chosen from conpounds of the el enent s fr [ Lb, Illa,
I11b, IVa, |Vb, Va, Vb, VIb, VIIb and VIII mrmﬂuwguﬂ abl e of
the. 15 Elenents, as published in the Handbook o

Physics, 51st edition (1970-1971) of The @Ggpem cal Rubber Co.,

provi ded that the said conpounds are at | east partially sol uble and

stabl e in wat erzigre reterafluorajereta | manydritseapitmisi G/l widmfarnasde
treated by 20 el ectrolysis, preferably fromsalts, in particular
hal i des, pref efasinidsh| aviickel ahldyiste desiclall [idmwe, nickedi tr at es,

sulphonates in particular trifl uoronet hanesul phonat es, carboxylates
acet yl acet onat é’é’aftléierramltﬂi?@bmtéslmqnﬁiﬁ)halmlu@53h10r1de. 17.
Process according t,o either, of clains 15 and 16, characterized in

that the Lew s<3amium haopide, stannqusnchlerids otganoysbuawidale, zi nc

i odi de, ZI%C trlflu r t hanesul phonat e, Z|nc acetate, zinc nitrate,
30 zi°nc ﬁﬁﬁﬁﬁﬁ@?b éﬁiﬁﬁﬁ%%%

brom de, nicke | de broni,de,, ni ckel an| de, ni ckel
acet yl acet onat ér%lg‘{& m Um @%pg}a}ec(f nltrateR i HRIPEHARES Q%annous

chl ori de, stan H |QH§t nous tartrate

chl ori des, %%%rl?ﬁ etha e%h ]1p§-1t %tr Sfu (reeooxyl} rgt Fges suc e

trifluoromet ha@%sqlw (a‘errlq{“p ‘i&rééé as | ant hanum

cerium praseodyni um neodyni um samari um europ| um gadol I ni um
terbi um dyspr esimaBium, europium, gadolinium, terbium, dysprosium,

10 holmium, erbium, thulium, ytterbium and lutetium,
cobalt chloride, ferrous chloride or yttrium chloride.
18. Process according to one of c¢laims 15 to
17, characterized in that the Lewis acid is chosen from
zinc chloride, zinc bromide, zinc sulphate, zinc
15 tetrafluoroborate, stannous chloride, stannous bromide,
zinc chloride/stannous chloride mixtures, nickel
chloride, nickel bromide and nickel acetylacetonate.
19. Process according to one of claims 1 to
18, characterized in that the Lewis acid represents
20 from 0 to 50 mol per mole of transition metal compound,
more particularly of nickel compound, and preferably
from 0 to 10 mol per mole.
20. Process according to one of claims 1 to
19, characterized in that the anode compartment
25 contains an aqueous solution of an anolyte consisting
of an acid such as, in particular, sulphuric acid,
nitric acid, water-soluble carboxylic acids such as

acetic acid, of the corresponding salts, such as the



10 holmum erbium thulium ytterblur%and | ut etium
chloride, ferrous chloride or yttriumchloride. 18 Process

according to one of clainms 15 to 17, char acmlmmllmll Imﬂ”me Lewi s
acid is chosen from zinc chloride, zinc bro zi nc
15 tetrafluoroborate, stannous chloride, 33t annous brohi zi nc

chl ori de/ stannous chl oride m xtures, nickel chlorlde ni ckel brom de
and ni ckel acetgddiami,onmtassium, ammonium orl SrusreTESY e&mmrcﬁum to one of
clains 1 to 18, characterized in that the Lewis acid represents 20
fromO to 50 nEals, ot ebfa thagsisuan aretsgdiomgudrpxide ompre

particul arly of nickel conpound, and preferably fromQ to 10 nol per
mol e. potassiyp hydhrsside addn (ﬁfk@l}f‘%ﬁ drefarably keing o 19,
characterized in that the anode conpartpnent _25 cont ai ns an agueous

sol ution of an chrAsh ExFmFEiphiric acid and gbg Sﬁ;’cthsas in particular,
sul phuric acid, nitric aC|d mater-s bl e carboxyl cids as
acetic aci® of the corrégbon ?ﬁéﬁP © S 4

31 sodi um_ pot gssi u I um salts, or
of a base such %lﬂ r‘% %?(‘? &ag% %@ésm um %d#%(?%te t he anol yte
preferably bei n&nt&lngl'g}? L mﬁrsyj'lér? @fl&aﬁkgoilyiasgéﬂélst

21. Process accor racterlzedgln t hat

the anode corrpagfra{g or mof&f}ﬁ&a d@ﬁ@&h@@b&&%&&t@%&éeﬁﬂs@mwe

consi sting one or nore nono ate or bidentate water-soluble
phosphi nes. phosphlnes.
10 22. Process according to one of claims 1 to

21, characterized in that the initial concentration of
the anolyte in the solution in the anode compartment is
from 10~® mol/litre to 3 mol/litre.
23. Process according to one of claims 1 to

15 22, characterized in that it consists in using, in the
cathode compartment, an aqueous solution of a spent
catalyst, based on monodentate or bidentate waterF
soluble phosphine and on a transition metal, and more
particularly nickel, converted at least partly into

20 cyanide, the said spent catalyst also optionally
containing one or more Lewis acids, and it being
possible for the said solution to contain relatively
low amounts of compounds such as butadiene and/or
pentenenitriles or such as adiponitrile, methyl-

25 glutaronitrile, ethylsuccinonitrile or methylbutene-

nitriles.



10 22. Process according to one of clains 1 to 21,
characterized in that the initial concentration of . the anolyte in the
solution in the anode conpartnent is from10[err] mol/litre to 3

mol /litre. pc? 3R b ORRBSF10R FoR Qv L Byl GropiRfy Of clains 1 to 15

22,

met
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or
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{(54) Titre: PROCEDE DE PREPARATION ELECTROCHIMIQUE DE CATALYSEURS A BASE DE METAL DE TRANSITION ET
DE PHOSPHINE

(57) Abstract

The present invention relates to an electrochemical process for the preparation of compounds which can be used as catalysts. The
disclosed compounds comprise more specifically a transition metal with an oxidation degree of 0 or 1 associated to at least one monodentate
or bidentate hydrosoluble phosphine. The process for the electrochemical synthesis of catalysts comprises the treatment by electrolysis of
an aqueous solution containing at least a compound of a transition metal and a monodentate or bidentate hydrosoluble phosphine placed
within the cathode compartment of an electrolysis cell of an electrolyser.

(57) Abrégé

La présente invention concemne un procédé électrochimique de préparation de composés pouvant étre utilisés comme catalyseurs,
Les composés visés comportent plus spécifiquement au moins un métal de transition au degré d"oxydation 0 ou 1 associé 2 au moins une
phosphine hydrosoluble monodentate ou bidentate. Le procédé de synthése €lectrochimique des catalyseurs consiste 2 traiter par électrolyse
une solution aqueuse contenant au moins un composé d’un métal de transition et une phosphine hydrosoluble monodentate ou bidentate,
placée dans le compartiment cathodique d'une cellule d’électrolyse d’un électrolyseur.




