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-1- PROCESS FOR THE ELECTROCHEM CAL PREPARATI ON OF CATALYSTS BASEDQ 7501 {9
TRANSI TILLON METAL AND ON A PHOSPHI NE The present invention relates t % e eo‘m
el eotrochenical 5 process for the preparation of conpounds whi ch can be

used as catal ysts. These conpounds conprise_a least one transition netal

havi ng an oxi dati on nunber of O or 1, conbined wth at |east one

wat er - sol ubl e sul phonat ed phosphine. Such conpounds can be used for
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catal ysts without thereby [|iGhL b MET]

invention provides a process for the p],ﬁ; owlpp@gdg@iqmcal synthesis of a

catal yst conprising at |least one transition netal having an oxidation

nunber of O or 1, conbined with at | east one sul phonated phosphi ne, which *
conpri ses el ectrol yti cal I'thet pezisien;, inmethion atébalees dnpaart rdmictrbchemical

electrolysig Ce'r#)r&ge .‘.‘?Jzeq:tt{e ?X—%ﬁﬁraﬂﬁloﬁoof @&g’ﬁ%ﬁ%&ﬂdw% ‘izoiSEr wSkB%as

at | east one corpoun a tranSition netal onat ed osp I ne.
The present i nveﬁ"ﬂ"rﬁf?%‘}%'o FhGFed SoTmROURES| ?g’E‘PW%tlﬁ‘n"eleta%eo tragsition
defi ned above. 'Eii&tasulltshﬁrtﬁj ath phddpkiba AaEbeyedfi® éhel prandsined with at’

the i nvent fon GopEl Al |ndAiddi doAl sblbinoh€EEk bESEInERd o711 [orT]

Such compounds can be used, for example, as
10 catalysts in the ethylene-compound hydrocyanation reaction
described in FR-A-2,338,253. In the present tekt, they will
be called catalysts without thereby limiting their field of
use.
The present invention provides a process for the
15 electrochemical synthesis of a catalyst comprising at least
one transition metal having an oxidation number of 0 or 1,
combined with at least one sulphonated phosphine, which
comprises electrolytically treating, in the cathode
compartment of an electrolysis cell of an electrolyser, an
20 aqueous solution comprising at least omne compound of a
‘transition metal and a sulphonated phosphine.
The present invention also provides a catalyst
obtained bf a process as defined above.
The sulphonated phosphine employed in the process of
" 25 the invention generally has the formula (I):

/ (SO3M)n1
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in which: * [err] and [err] which may be the sane or different,
represent aryl groups; * [err] and [err] which may be the sane or 5
different, represent an al kyl radical having 1 to 4 carbon atons, an al koxy
radical having 1 to 4 carbon atons, 10 -2 - a hal ogen
atom a CNradical, an [err] radical, an OH radical, .or an [err] radical,
in which ferr] amﬂ weich; which 15 may be the sane
or different, represent ap al VI r

each M whi ch may be the sarrei%%"dﬁ'gf SFh %’ngh&ﬁ 3(%% ?‘ggrg%?ea?fc
cationic residue chosen 20  different, rePrEEeﬁttW]-tS‘i@‘mﬂfpound of
formula (1) is soluble in+watey,, &Qragﬁxan';pl ®hidh GRdy We A sagel @M an

al kali metalgor alkaline-earth tte:.lént r [err] with
[err] and [err] which nmay be t% same E’Pﬁegfgﬁt representing an al kyl

radi cal having 1 to 4 carbon atons cﬁmalﬂﬁyd-r e‘géncai-ohﬁvmme*o datciaghon
derived froma netal whose 30 atom salts with

benzenesul phonic acid are soluble in

r. and Whl ch nmay_ be
the same or different, are integers Qﬁ 3‘ Or gligaga}ﬁ%" IJ‘] on
[err], which may be the sane or 35 atoms, d|fferent are integers

of fromO tgg3, one of them at | easts hgilgreddddlont 0 OF greater than 1. As
exanpl es of netal s whose salts with

. a CN radical,
. an NO, radical,
) . an OH radical, or
. an NR,;R, radical, in which R; and R,, which
is may be the same or different, represent
an alkyl radical having 1 to 4 carbon
atoms;
* each M, which may be the same or different, is
an inorganic or organic cationic residue chosen
20 such that the compound of formula (I) is
soluble in water, for example:
. HY,
. a cation derived from an alkali metal or

alkaline-earth metal,

25 . N(R,R,R.R;)* with R,, R,, R; and R,, which
may be the same or different,
representing an alkyl radical having 1 to
4 carbon atoms or a hydrogen atom,

. another cation derived from a metal whose
30 _ salts with benzenesulphonic acid are
soluble in water;
- m, ﬁh and m,, which may be the same or

different, are integers of from 0 to 5; and
n,, n, and n,, which may be the same or
35 different, are integers of from 0 to 3, one of
them at least being equal to or greater than 1.
As examples of metals whose galts with

benzenesulphonic acid are water goluble, mention may be made
of lead, zinc and tin.



benzenesul phonic acid are water soluble, nention may be made of |ead, zinc
and tin., -3- By the expression "water soluble", it is generally neant in
t her present text a conpound which is soluble to at |least 0.01 g per litre
of water. Anong the phosphines of formula (I), it is preferred 5 to use
those for which: - [err] and [err] are phenyl™ groups; - [err] and

[err]which may be the sagg QhedLLLEL&Mon r-ﬁ&%%%‘a%l%?&‘?;t:(‘?)ﬁgffg;}écn;ﬁ‘}%&%rky'

radicals having 1 or 2 carbon'1 )

radi cal s havi ng Meant Anc AhSoRTaeent; text a agmpoynd\whishnds sRlulHe denmdtor
di fferené, reDBWf S 02 0dAlgl pRrCchNELe Sf GiEteld : H,
cations derive rom Na, : I h nmpni um

t et raet hyl amoni um tet rg‘&og Fggﬁglﬁ%%nﬁ%?eaepgﬁér ?gﬁﬁén%%gf u’r‘#Z%s preferred
cations; - 5 [ertq warl Yhose] fami whiehy be the sane or different, are
integers of fromO to 3; .and ar,, [%f, hndntr] @] PReAPL "GYoldss £ he same or
different, are integers of f;§n10¥to g, one.at .25 | east

al so being greater than 1. Amdag 1h&RE FrodBHich2avi RE a2 (59 G%cul arl y
preferred are the sodium pot dd§fenental véprpsdanty gneupannbesem from

t et ramet hyl anmmoni um and tetraethylaaﬁngiuﬂa&féér% %aving 1 or 2 carbon
nnno(sulphqﬂpenyl)diphenylphosphineh 3 di (sul phophenyl ) phenyl phosphi ne
and toms, or

. alkoxy radicals having 1 or 2 carbon
atoms;
- each M, which may be the same or different,
' represents a cation chosen from:

15 . H',
. cations derived from Na, K, Ca, Ba,
. NH,*, and
. tetramethylammonium, tetraethylammonium,
tetrapropylammonium or tetrabutylammonium
.20 cations;

- m,, m, and m,, which may be the same or
different, are integers of from 0 to 3; and

- n,, n, and n,, which may be the same or

different, are integers of from 0 to 3, one at
25 least also being greater than 1.

Among these phosphines, the most particularly
preferred are the sodium, potassium, calcium, barium,
ammonium, tetramethylammonium and tetraethylammonium salts of
mono (sulphophenyl)diphenylphosphine,

30 di(sulbhoyhenyl)phenylphosphine and
tri (sulphophenyl)phosphine, in the formulae of which the SO,
groups are preferably in the meta position.

Mention may be made, as other examples of phosphines
of formula (I) which can be employed in the process of the

. 35 invention, of alkali salts or alkaline-earth salts, ammonium
salts, quaternary ammonium salts of
(3-sulpho-4-methylphenyl)di (4-methylphenyl)phosphine;
(3-sulpho-4-methoxyphenyl)di (4-methoxyphenyl)phosphine;
(3-sulpho-4-~chlorophenyl)di (4-chlorophenyl)phosphine;



tri (sul phophenyl ) phosphine, in the fornmulae of which the [err] groups are
preferably in the neta position. Mention may be made, as ot her exanpl es of
phosphi nes of formula (1) which can be enployed in the process of the 35
invention, of alkali salts or alkaline-earth,alts, anmmmoniumsalts,

guat ernary anmmoni um sal ts of

( 3- sul pho- 4- net Iyl @h L 4= ﬁarﬁ;w | hi ne;

( 3- sul pho- 4- net %x@g%%it)gg?gzyﬁ%ﬁ%x phensbpggﬁgsphi ne;

(3- sul pho- 4-chi & apPran¥ 19 _ 88phi ne; - 4- _
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di ( 3-sul pho®4-c )]

-

_ oo eREeY &SR HPEPRRAEY| %ﬁ@éﬁﬁ?ﬁ’@?ﬂl’m phosphine;

tri Eg su: pEopZemﬂi}@h«mﬂl bhbfhﬁhﬂlﬁh@ﬂ#mhm' hesdl(pbasphopitenyl) phosphine;

tri(3-sul pho-4- nBt:hpl | h - .

tri(3-sul pho-4- %%x;%ﬁ%&l ?pﬁ%gﬁ*ﬁﬁnynphosphl?e'

tri (3- sul pho- 4- igRovdRpey fhesphergehenyl) phosphine;

(2- sul pho- 4- net heaiptssylphd-adbpbordplieryn) giosphlihe ;.

(3, 5-di sul gho- 4- pet hyl phe L ey 1d. AL

(3-sul _phopﬁlgnyl ) %p%goqﬁ%ﬁﬁgiggﬁﬁ?l f"p%ulpho ? methylphenyl)

( 3, 5- di sul pho- 4- €hSrdFvd Pl AnBsphy Hehemyl ) phosphing: nfpRd ure of these
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ri - met asul phona phos neg _ e used. nsi tion-netal conpounds,

it is preferabl ezf'gs lf{lslesu?ch e?‘, gg% 5??1,1&? q‘(}rfh%ghqg&i'um pl ati num rhodi um

and iridi um conpounds. Wetfeicougsghl a nbvpaxsmdf dhesenpbasphings mavagebl e of
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As transition-metal compounds, it is preferable to
use nickel, cobalt, iron, palladium, platinum, rhodium an@
iridium compounds. Water soluble compounds or compounds

20 | capable of passing into solution under the reaction
conditions are generally used. The remhining ligands bonded
to the metal are not critical, as long as they satisfy these
conditions. '

Among the aforementioned compounds, the most

- 25 preferred compounds are those of nickel. By way of
non-limiting examples, mention may be made of nickel
darbbxylates {especially nickel acetate, formate and
citrate), nickel carbonate, nickel bicarbonate, nickel
borate, nickel bromide, nickel chloride, nickel iodide,

30 nickel thiocyanate, nickel cyanide, nickel hydroxide, nickel
hydrophosphite, nickel phosphite, nickel phosphate and its
derivatives, nickel nitrate, nickel sulphate, nickel
sulphite, nickel arylsulphonates and nickel alkylsulphonates.

It ie not necessary for the nickel compound itself

35 to be water-soluble. For example, nickel cyanide, which is
not very soluble in water, dissolves very well in an aqueous
solution of sulphonated phosphine.

The electrolysis cell of the electrolyser, used in

the present process, comprises a cathode compartment and an



Anong t he af orenentioned conpounds, the nost 25 preferred conpounds are
those of nickel. By way of non-limting exanples, nention nay be made of
ni ckel carboxyl ates (especially nickel acetate, formate and citrate),

ni ckel .carbonate, nickel b| carbonat e, nickel _borate, nickel brom de, nickel
chl oride, nickel iodide, ni ckel thi ocyaﬁat e, nickel cyanide, nickel

hydroxide, i ckgldigde aggf_ ,t@,wﬂfﬁg%reppgﬁapatsa B} 3 lepliapioes ol

its derivatives nic hite, nic
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several of these oxides. THEcQ%hB&Qem&FYhJ\?é’E‘a PlRnANGLehiELEE) Gsudl@l @ a
plate or grid, or a volum nal structu It.can in artlcular pe erfor ted
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may be uséq5 structures, granular stacks of the previously mentioned
materials, or felts or foams of these materials may be used.

The anode may be made of a material such as |
platinum, gold, iridium, ruthenium, palladium, nickel,
graphite, vitreous carbon, a stainless steel, a special steel

20 or. lead. It may also comprise titanium or tantalum coated
with a layer of platinum, of gold, of iridium, of ruthenium,
of a mixture of several of these metals, of platinum,
palladium, iridium, rhodium, ruthenium, osmium or tantalum
oxides or of a mixture of several of these oxides.

25 The structure of the anode may be of different types
from that which has been defined for the cathode.

The separator element of the electrolysis cell
generally comprises an ion-exchange membrane or a porous
diaphragm. _ .

" 30 The membranes may be of the cationic type,
especially those prepared from cation-exchange resins
possessing acid groups such as sulphonic groups or carboxylic
groups. Preferably, membranes prepared with sulphonic resins
will be used. As membranes of this kind, mention may be

35 made, for example, of those which are sold under the Nafion®
(perfluorinated sulphonic membranes) or Selemion® trademarks.

The membranes may also be of the anionic type, but

cationic membranes are generally preferred since they have a



The anode may be nade of a material such as platinum gold, iridium

rut henium pal |l adi um ni ckel, graphite, vitreous carbon, a stainless steel,
a special steel 20 .lead. It may al so conprise titaniumor tantalum
coated with a | ayer of pI atinum of gold, of .iridium of ruthenium -of a
m xture of several of these nmetals, of plati ﬁur’n pal I adium iridium

rhodi um rut henidPa @R Mhih &F 69'Hd¥a%@a§éhdesxﬂrp9£tfcﬁ£&t Upedf aggveral of
t hese oxi des. 25 he structyure of the anode nay be gf dl,fferent

types fromt hat s%ﬁPBH‘*ﬁaEh%%e?Pidﬁﬁ% SEREReaRt HRTHE. a}ﬁ?eeé‘@b‘ Papigher
el enent of the euecent| ytrengehs tge e alsled. corrprl ses an ion-exchange
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As indi cated préAdbumaly/litire Fquéomelébitae on The initial concentration of

15 transition-metal compound, especially of nickel compound,
lies generally from 105 mol/litre to 1 mol/litre.

Other compounds enabling the conductivity of the
electrolyte to be increased, such as soluble salts for
example, may be added to the cathode compartment.

20 Complexing agents capable of modifying the potential
at which the reduction of the transition metal takes place
may also be added. As examples of such complexing agents,
mention may be made of cyanides.

The solution in the cathode compartment may

25 furthermore include compounds whose role is to complement the
catalyst prepared by the process of the invention. These
compounds are especially Lewis acids.

By "Lewis acid" is meant, according to the usual
definition, compounds which can accept electron pairs.

30 The Lewis acids mentioned in the work, edited by
G.A. Olah, "Friedel-Crafts and related reactions", volume 1,
pages 191 to 197 (1963), may, for example, be employed.

The Lewis acids which may be employed'in the cathode
compartment are generally chosen from compounds of the

35 . elements in Groups Ib, IIb, IIIa, IITb, IVa, IVb, Va, Vb,

' VIb, VIIb and VIII of the Periodic Table of the Elements,
insofar as the said compounds are at least partially soluble
and stable in water or, more generally, in the agqueous
solution to be electrolytically treated. These compounds are



cont ai ni ng the sul phonat ed phosphi ne and the transition-netal conmpound is
in the cathode conpartnment. The initial concentration of sul phonated
phosphine lies generally from10-3 nol/litre to 1 nol/litre. The initial
concentration of 15 transition-metal conpound, especially of nickel
conpound, lies generally from10[err] nol/lithke to 1 nol/litre. O her
conpounds enabling the conductivity, of the electrolyte to be increased,
such as sol ubl e ¥EHald ¥ o PUEy BRBr LiRLEAng)y 1o BRI F 5 o ePRECL2E Bo R 13GHFar t nent .
20 Gargfierdbly abibridespaid domimiciedi, gubghabes paistatals,at
pridndtl | bRBSELLLRLY "Bl A1ddbeaR cRRAERuBlopl 6 De added.
t t may be nade o

whi ch the reductg
As exanpl es of such conpl exi ng agents, nention cyani des. The

sol ution in the ATt SFpaPCRENLPRECBALS f FOtFafABPECPOERRAE Ahpounds
whose rol e iss t plawpHatieant t he catal yst prepared by the process of the
I nvention. These conpoun pegl a ] ' " i o W
meant, according to the u ug%gdg?iﬁ?%i%#ﬁi%ﬁﬁ%zhn§§Q%_igﬁ %éﬁ?tgéigﬁ(LCIdg'
el ectron pairs. meption may be myde pEvFingghlenideri sieg Promidenwdipe
edited by G A Qedide fFrdigneler@ratibsonsthimdfilgthonadel, i abfc, avétdts, kinc
pages 191 to 197 (.1 , qﬁx, f el T { s acids
whi ch may be errp?:f')g'/%g@%’n e é.‘-gf[% kggg‘qgg%%%zf%eneﬁn{I&g%%qgﬁegg}ﬁ%%’os_en from
conmpounds &0 t henZmganege huemiden aiekel shlonide, mickel| bremidesn niokel va,
Vﬁ’ \4 ba VI1b anéya&hidepfnml 1Paebe9ljnaf§e&m|:@,g l'&dﬁighte&ﬁgf:ﬁidéﬂsﬁdﬁitﬁs
t he said compounds are at_J|east partia sol ubl e _and st e_Ln water or
nore generally, ng’ﬁm%‘ge'a R s?ufolcg‘ﬁf’gﬁ‘li%b LR iNG! r%gloﬁlagal ?5"’"{“%%%% ed.
These conpounds swtphate;/-stannsusy tapbranen-¢higunides .y bromides., expirhatids,
hal i des, preferafliyr£td®) i debaagdalkeg8nbdetri AldcRBALESandbidlphbiStes of the
sul phonat es, espeC|aJlg/éﬂw Iuoroneth%pesuaghgﬂates, . .

15 rare-ear elements such as nthanum, cerium, praseodymium,

neodymium, samarium, europium, gadolinium, terbium,

dysprosium, holmium, erbium, thulium, ytterbium and lutetium,
cobalt chloride, ferrous chloride and yttrium chloride.

Of course, mixtures of several Lewis acids may be

20 employed.

' Among the Lewis acids which may be used, most
particular mention may be made of zinc chloride, zinc
bromide, zinc sulphate, zinc tetrafluoroborate, stannous
chloride, stannous bromide, zinc chloride/stannous chloride

25 mixtures, nickel chloride, nickel bromide and nickel
acetylacetonate. .

The Lewis acid employed represents generally from 0
to 50 mol per mole of transition-metal compbund, more
particularly of nickel compound, and preferably from 0 to 10

30 mol per mole.

The ancde compartment contains an aqueous solption
of an anolyte which may consist of a salt, an acid such as
especially sulphuric acid, nitric acid, water-soluble
carboxylic acids such as acetic acid, of their salts

35 especially sodium, potassium, ammonium or quaternary ammonium
salts, or of a base such as especially sodium hydroxide or
potassium hydroxide. Preferably, the anolyte will be chosen
from sulphuric acid and its salts, especially dipotassium
sulphate, potassium hydrogen sulphate, disodium sulphate and



car boxyl ates, acetyl acetonates, tetrafl uoroborates and 5 phosphat es. By
way of -non-limting exanples of such Lewi s acids, nention may be nade of

zinc chloride, zinc brom de, zinc iodide, zinc trifluoronethanesul phonate,
zinc acetate, zinc nitrate, zinc tetrafluorohorate, manganese chloride, 10
manganese broni de, nickel chloride, nickel brom de, nickel cyanide, nickel

acetyl acet onat e,g.34& WPueBh i%ﬁpw um brom de, stannous chloride,
ul phat

stannous brom de, stanndus S e, stannous tartrate, chlorides,
broni des, sul phates, nitFREe3BOLEFHPAY ALlES SPRELPE| D rPRAFFaMETE phonat es
of the 15 I ar sviphihatkednphosplimds ateflimedhabowe. ceri um praseodym um
neodym um samari um eur gL um, I i Lhi.u i bol.m um
erbium thulium ytterbi S%Eagglgﬁéjfe)téf%ﬂn%anc%%gl?hgﬁrogﬁe,rﬁ?i rro&g (k:-' oride .
and yttriunPchl fidi@eions ipothecanede ¢amparimendy ipagererp bl GXe® may be 20
enpl oyed. Anong 10he neildtae @6 dhinebh/IEsrde used, nost particul ar nmention
may be made of zinc chlogkde Lpc. brom ' phat zi.nc
tetrafl uoroborate, st qnnf)r&g 8%%%?%’6%8&%%%%93r0§%hd23 %enél%?ess of the
chl ori de/ st annoudsvEmtdiongds2defined ki ckts dintemsity| and dehe matheidepr oni de
?nd ni) ckel acet l}ﬂcﬁf&iﬁml f.e. ﬂbepbe;mﬁiam:in&yelnﬁloe yeﬂaﬁgpé.e%é\tlﬁepgﬁ%hiélth}dt
romO to nmol,_.per transjitipn-net conpaoupd, . nore particularly
of nickel ggnpoutncfou rﬂg’“%r %%‘eer_ ggfg-, ??%%?t@ofﬁnggosgﬁﬁc p%’?o ol 8. The
anode conpar t rerintdnmipessihiddteoufoxr xanrdie of sahoakeey t theinttensdyy

consi st of a saldonsAfarACi(Galvahosta i@ astaddak)sul RRUELAL Bthdus NPdratidm OF
wat er - sol ubl e car.boxylic acids,such as acetic.,acid,_ of their salts 35
o o

especially sodiu ASEBuM HRYRR oL SRS YT % s, or of
a base such as espuioiadient.sodi um hydroxi de or pot assi um hydr oxi de.
Preferablyasthe anolyte wHdn RBeCPe888sE M Din G Al batagt deaiékddts salts,
espect al |y di pot asehRAY RBY' aaB8' 2°LAN U950, S UBRR) e UtiniTea
by one skilled in the art from the trace of current/potential

curves. .
| The current density may reach 30 A/dm*. It is
20 adjusted depending on the amount of transition metal t6 be
reduced.

The temperature at which the process is carried out
generally lies from 0°C to 95°C.
An advantageous variant of the process of the
25 invention consists in regenerating a spent catalyst, that is
to say a catalyst which has been used and has become at least
partially inactive. Thus, a catalyst based on a sulphonated
phosphine and on a transition metal, in particular nickel,
having an oxidation number of 0 or 1, optionally also
30 containing one or more Lewis acids, which is used in the
butadiene and/or pentenenitrile hydrocyanation reaction,
progressively becomes deactivated, in particular by oxidation
of the transition metal. The transition metal is converte@,
at least partly, into a cyanide. At the end of the
35 hydrocyanation reaction, the aqueous phase containing
especially the sulphonated phosphine and the transition-metal
compound may be eagily separated from the organic phase.
This agqueous phase may contain relatively small amounts of
compounds which are initially introduced, such as butadiene



- 8- sodi um hydrogen sul phate. The anolyte may al so consi st of one or nore
sul phonat ed phosphi nes defi ned above. The initial concentration of the
anolyte in the 5 solution in the anode conpartnent is generally from
10[err] mol/litre to 3 nol/litre. The electric current enployed in the
process of the invention S defi ned by its’i Mt énsity and the cat hode

pot ent lal. The fg%arrm ear% Fﬁﬂ& a Case tt:htjeo re Egggﬂghout
t he el ectrol yS| t| 0S rocess er EOSSI Por

exanple, is to Pﬁeaﬂhp%éﬁ eoathivloilysrvandsritec pr ocess) I n
conti nuous oper athylsicciionptoLrses p:énﬁelmnb_u-emésosndt hese two variants
are equival.ent. en t ried al, cons
potential, the \F’Iﬁ lbflteﬁenﬁ' V%es'nae&ee;s%u% %’% n%'se;ledloaoy one %?E%

in the art Br omﬁmqqdacesmieeanlem/mv@mséw'capves tqheeganenate &bﬁsu ty
may reach 30 A [®iddlyst!. is 20 adj ust ed dependi ng on t he amount of

transition netal to be reguc het tur 0Gess i s '
carried out generally Ii 39'. ?8%"3‘[”6‘?? p3’?[E %P]r‘:h g}/'é?‘lhr[%agté ge\/arl ant
of the process ocinventip®. |nvention consists in regenerating a spent

catalyst, that is to say a catal yst which has been used and has becone at

| east partially % Thus, a catal yst based on a sul phonated phosphi ne
and on a transit |, in particular nickel, having an oxi dation nunber
of 0 or 1, optionally also 30 contai ning one or nore Lewi s acids, which

is used inighe bagadiAne JadEor pentenenitrile hydrocyanati on reaction,
progressively becomes ea tlv ngroiys afééf&”fg-co gég ag a cylindrical
glass container having a working volume of approximately
100 ml, in which there is a cathode in the form of a platinum
grid and a cylindrical anode well which is placed inside the
15 cathode grid and which comprises, at its base, a membrane
made of resin of the Nafion 417® type and in which the anode
in the form of a platinum plate is immersed.
The electrolyser is connected to a potentiostat
which enables the cathode potential to be kept at a value of
20 -1.2 volts with respect to an Ag/AgCl reference electrode.
Abbreviations used:

TSTPP = sodium salt of trisulphonated

triphenylphosbhine

3PN = 3-pentenenitrile
25 ADN = adiponitrile

2M3 = 2-methyl-3-butenenitrile

BD = butadiene

DC = degree of conversion

RT = selectivity of a compound obtained with respect
30 to the converted initial compound

£.0. = turn-over = number of mmol of nitriles or of

dinitriles formed per mmol of Ni(0) involved

COD = cyclooctadiene

Examples 1 to 5 - Synthesis of an Ni(0)/TSTPP catalyst by
35 electrochemical reduction of Ni(CN), in an agueous solution
of TSTPP.



of the transition nmetal. The transition nmetal is converted, at |east

partly, -into a cyanide. At the end of the 35 hydr ocyanati on reaction, the
aqueous phase containing especially the sul phonated phosphi ne and the
transition-nmetal conpound may be easily separgted fromthe organi c phase.
Thi s aqueous phase may contain relatively smal) “amounts of conpounds whi ch

are initially introduced, s$ygh s aQUE&ﬁESGS %?1%“2‘7‘%‘?%%"%@ W&Qi&éi | es,

or are forned during t he reactl_?n, such as a
met hyl gl ut ar oni t (N 8Nk }Os 87 kghi 394 |_F erfdAPt 87ke 0% pter) are put
met hyl but eneni t r ihes. tHéecaithelau soppasemest el ectrochemcally 5 treated,

as described previously, $g 'ﬁi d& alhgg?p_gr %ﬁﬁﬁﬁg ?@m‘i’t",&ﬁgggnf 941"9%11 1

Exanples further_illustrate the 1 nvention. aratus used.
The el ectrol%si sPELPY) i3 RiHoddy the avedei aempasinentass Thgneapatrolvrimgam
wor ki ng vol ume otazppedxowrtt 25PQ0 atl thiencohtedlidie dpentdatabhode in the
formof a platinu ri dﬁﬁﬁli I.C  ch | | aced. i nsi de
the 15 cat hode g]f?dbgﬁggm C (?gn%r&fasgé,g&gggﬁ?%%%%%y %ong%brggn%s%aﬁ’ﬁgab
resin of the Naf ¥emaining ¥i{Ihe byh@olargarabbYhe anode in the formof a
plati num plate i THMErSEG|THE €I ECITONYFET_TS COMIECTEY TO_a pPUtENt] ost at

whi ch enabl es the cEWBHE polt ent 1207 be| k@PFatien 4™4A| ug RGFNSEV. (W 1|0

volts with yg@spect to an Ag/A9Q) suefsfence el ectygde. Abbreviagjons uged:
TSTPP = sodium s i ted tri Shpnyl phosphine! 3PN =
3-pentenenitrile] 25 2 1 ANkesoadi poni tridod 92

3 saturated K,S0, 400 48

4 saturated K,S0, 1350 75

5 " 0.1N H,80, 75 77
15 Table 1

3-Pentenenitrile hydrocyanation tests (a, b, ¢ and
d) on the solutions 1, 2, 4 and 5 of electrochemically
generated catalysts.

'.fesl:s Catalyst Ni (0} HCN RT 0 t.o.
(zmol) (mmol/h) ™
20 e Ni (COD) ,/TSTPP 5 67.4 61 30
cr2™ N4 (CN) , (TSTPR), 0 67.4 0 0
a golution 1 3 §5.7 64 38
b solution 2 3.8 50.5 63 37
e solution 4 3.2 54.7 63 35
25 a golution S 2.9 -38.1 61 37
Table 2

The operating conditions for the hydrocyanation
tests are: .
_ - 3PN : 320 mmol; ZnCl, : 20 mmol; 65°C; 3 h.
30 CT1l' = comparative test with a catalyst prepared by
exchange of the COD ligands of Ni(COD), by TSTPP; '
CT2"" = comparative test with a solution of
Ni (CN),(TSTPP), which is not electrochemically treated.



2MB = 2-nethyl-3-butenenitrile BD = butadi ene DC = degree of conversion RT
= selectivity of a conpound obtained with respect 30 to the
converted initial compound t.o. = turn-over = nunber of mmol of nitriles or
of dinitriles formed per nmmol of N (O invol ved COD = cycl ooct adi ene
Exanples 1 to 5 - Synthesis of an N (O)/TS‘I‘PIg’ catal yst by 35

el ectrochem cal reductio r 0 TSTPP.
-10- 50 mM of an aqueousrh‘g{ ljit!le%% % d%lg% %:{? I\(l!é?err] g/ kQ)
and of TSTPP (30818fk¥Peteninadly SﬁﬁeﬁﬁFeﬁlrﬁ%‘:ﬁh{?‘tm&é°§oﬁpartrrent 20

m of anol yte (havi ng the conposition in Table 1 5 bel ow) are put in the

anode conpartne Fhe—el-eet+otys+g—ts—C 4‘-r--l--eud--(;l,n-—avt—%5{--9-1:-1:-]-4.;(-1:@1
controll ed pote Fedtadf Eazamtt S. | Sampl gs wacw | egutrar |y zgp@yedtse ps to
assay the remaini ng N (I 1) by poI ar D JieAh}]. (s ledior/n) | Anel yte

Duration (mn) PDE-NT—fter t O 6M-TSTPP— 226

50 2 1. SMFBT rf] i (co ’2"1'%6 400 5.5 gp 3350 sdfuraf et [brr]
400 8. L. edl r 1350 7

0.1N [err] 5 @ - m(@i%é’ﬁ@ﬁw [éﬁ | 0 350 0 P 3
Table 1 3-Pentengnidril e kpdeaynnali cyaoteﬁts.;(a,' bzsec and dp onjtée
solutions 1, 2, %—armd—S5—of—etectrochen \..a.rry genetrated—catatysts—Fest s
Cat al yst Ni (O HCN RT (rrm)l ) (mmol / h)

(% 20 CT1 Ni (COD)[err]/ TSTPP Sﬂls-— 67. 4 61 30

The operating conditions for the hydrocyanation .
tests are: .
10 - TSTPP : 25 mmol; 90°C; 1.2 h. .
CT3" = comparative test with a catalyst prepared by
exchange of the COD ligands of Ni{(COD), by TSTPP;
CT4*" = comparative test with a solution of
Ni (CN),(TSTPP), which is not electroreductively treated.

15  Example 6 - Synthesis of Ni(0)/TSTPP by reduction of NiCl, in

an aqueous solution of TSTPP.
50 ml of an aqueous solution of nickel chloride

(Nicl,: 17.4 g/kg), TSTPP (300 g/kg of water) and sodium
cyanide (NaCN: 6.6 g/kg) are put in the cathode compartment.

20 20 ml of a saturated aqueous solution of K,80, are
put in the anode compartment. The electrolysis is carried out
at 25°C at a controlled potential of -1.2 volts. Samples are
regularly removed so as to assay the rémaining Ni(II) by

polarography.
25 | Example Anolyte | Duration (min) DC Ni(IIX)
(%)
6 Saturated K,S0, 1000 ° 80

3PN hydrocyanation test (f) on solution 6 of the
electrochemically regenerated catalyst.



CT2[ err] Ni (CN) [err] (TSTPP) O 67.4 0 0 a

solution % 3 55.7 64 38 b solution 2 3.8
50.5 63 37 ¢ sol ution 4 3.2 54.7 63 35 25
d solution 5 2.9 39.1 61 37 Table 2 The operating
conditions for the hydrocyanation tests are:*2 3PN : 320 nmmol; [err] : 20
mml ; 65[err]; 3h—30 i ——conrparative—test—wth—-a—cqat al yst
prepared by excharga 0f ddwalgeh | gmctm NE®®OD) [ler HT,Ry TSR, CI2** =
conparati.ve tes{ withfa solution 3 Shb} (ASTPP) (gy 11 {which i g not
e: ectrochem cal Ly tre; t ed. But | ene h rocvanat ion ?e (e) on fhe
el ectrochem cal |y gener talys lutio Tgst s Cdal t BD
N (0) N e UK @ (94 38 1 108115 TS sy S0 (coD)
[err]/ TSTPP 400 5.5 350 97 70 5 CT4 Ni (CN[err]
éggTPP)[SBV] ggﬁ%g%%g_§ ?ﬁﬁegener?ﬁhon of gnanneo?Q|¢$%fﬁldﬁiof ®3JTsTPR4
onabl e in cn|t| or. the r,ocyanati on
tests are: 10 SO %5&‘ Qg[ tﬁn?%%y

conparativeStest wit h a e&t Blgced pirpnrldd m} e)leﬁangea@f-mm@weldi yaang af

ml (COD) 2 by $§$§%ﬁ%§}%ﬁ*ﬁéﬁmar atj[veI tetst W Ejh a so: ution ofd 1

Bcanpl e 6 | Synthesi s of “NEPOPLTeRoRR pRst: Aegn copa rpf<TE, S pmeduet

sol ution of TSTRHcks] rfi0)ef 2anmmglicofi STSRAR andh 28f mmet kef winodhderfider] :

17.4 g/ kg), TSTPP (300 g/kg2Qf Wat&f)smpd(szdimkengyani de (NaCN: 6.6 g/ kg)

are put in the cat hode Cogpaggtlrg system is heated to 65°C and pure
hydrocyanic acid (condensed at -10°C) is injected at a flow
rate of 67 mmol/h for 3.5 h. After cooling, degassing and
gsettling, the two phases are separated. The organic phase is
assayed by gas phase chromatography (GPC):

15 - 3-pentenenitrile: 177 mmol-

-~ ethylsuccinonitrile: 13 mmol
- methylglutaronitrile: 35 mmol
- adiponitrile: 92 mmol '
28 mmol of dinitriles being formed per mmol of nickel.

20 . b) The completely inactive aqueous phase is
électrolysed at a potential of -1.2 volts with respect to an
Ag/AgCl reference electrode for 3 h.

' c) Replaced in the reactor are:
- 29 ml of the agqueous catalyst solution thus
25 regenerated;
~ 10 mmol of ZnCl,;
- 32.4 ml of 3PN (320 mmol).
The entire system is heated to 65°C and hydrocyanic
acid is injected at a flow rate of 34 mmol/h for 6 h. After .

30 cooling and degassing, the various nitriles are assayed by

GPC:
- 3-nitrilepentene: 183 mmol
- ethylsuccinonitrile: 14 mmol
- methylglutaronitrile: 39 mmol

35 - adiponitrile: 78 mmol
32 mmol of dinitriles being formed per mmol of nickel.



20 20 M of a saturated aqueous solution of [err] are put in
the anode conpartnent. The electrolysis is carried out at 25[err] at a
controlled potential of -1.2 volts. Sanples are regularly renoved so as to
assay the remaining N (11) by pol arography. 25 Exanpl e Anol yt e

Duration (min) DCN(Il) 6 Sat ur at ed” [¥} 1000 80
3PN hydrocyanation test on_solytiqn.6 of t | ect rochem_cal,ly
regenerated catal yst. &glii xe 8 1”8§F3F§ngéghﬁh?(jéﬁiggéi'18

[err] t.o0. (mevipletedy| ragenergtogd.f solution 6 4.45. 57.5

59 25 Exanple 7 - Regeneration of an aqueous solution of N /TSTPP
comi ng fromthe hydrocyanati on of 3-pentenenitrile. 5 a) Pl aced
in a 150 m glass reactor, stirred using a turbine, are: - 38 nl of an
aqueous solution containing 5 mmol of nickel (0), 20 nmol of TSTPP and. 20
mol of zinc chloride; - 32.4 m of 3PN (320 mmol ). 10 The

entire systemis heated to 65[err] and pure hydrocyanic acid (condensed at
-10[err]) is injected at a flowrate of 67 nol/h for 3.5 h. After cooling,
degassing and settling, the two phases are separated. The organic phase is
assayed by gas phase chromat ography (GPC): 15 -

3-pentenenitrile: 177 mmol - ethyl succinonitrile: 13 mmol -
met hyl glutaronitrile: 35 mml - adiponitrile: 92 mml 28 nmol of dinitriles
bei ng fornmed per mmvl of nickel. 20 b) The conpletely inactive

aqueous phase is electrolysed at a potential of -1.2 volts wth respect to
an Ag/ AgC reference electrode for 3 h. '



-

c) Replaced in the reactor are: - 29 ml of -the aqueous catal yst solution

t hus 25 regenerated; - 10 nmmol of [err]; - 32.4 m of 3PN (320 mmol ). The
entire systemis heated to 65[err] and hydrocyani c acid is injected at a
flowrate of 34 mmol/h for 6 h. After f‘?l i ng and degassing, the
various nitriles are assayed by GPC. - 3 nitTTlepentene: 183 mmol -

et hyl succinonitrile: 14 mmol - nethylglutaronitrile: 39 mmol 35

- adiponitrile: 78 mml 32 mmol_ of dinitriles being formed per mmol of

ni ckel . - 13 - These results indicate tSuBIM%e catalyst is conpletely
r egener at ed. - 14 - 11. Prpeeséss (fox hheclefettpotiRehiedl wﬁdmshs of a

catal yst conpri gj I r n t

nunber of 0 or %r&]' * %gﬁ%ﬂ ?ﬁfn% EF‘pe:lj'se}tasgzne‘a @Laﬁgﬁ.ﬁonate os;%rh'R e,

whi ch conpri ses Cé‘l"é’@t“ﬂ@F‘yPPEhPFW? r@R% g, Wﬁﬁédcﬁ%%oﬁeﬁ@fﬁﬁﬁr%ﬂt of an
el ectrolysis celduquhmteheghbebum mmm&;sehuélmmwno&lmg at

et e SO O Ryrd, Skl RIS Al A bl s ARV, cld
el ectrol yser comf |a5’e§1@0<§arpﬂmaercoma¢qwms &ﬂéugnoanm%mm ke deaditi ch
are separated byorfe SREPUNA ol EMEAANSDITYY M@ 12BnHO0A - SYXTHRGGR-dE DI ane or
a phosphine.
- 10 2. Process according to Claim 1, wherein the
electrolysis cell of the electrolyser comprises a cathode
compartment and an anode compartment which are separated by a
separator element comprising an ion-exchange membrane or a
porous diaphragm.

15 3. Process according to Claim 2, wherein the
separator element is a cationic-type membrane prepared frqm
cation-exchange resins possessing acid groups.

4. Process according to Claim 3, wherein the acid
groups are sulphonic groups or carboxylic groups.

20 5. Process according to Claim 3 or 4, wherein the
membrane is prepared from sulphonic resins.

6. Process according to Claim 2, wherein the
separator element is a diaphragm made of porous ceramic, a
diaphragm made of woven or non-woven synthetic fibres, or a

- 25 deposited diaphragm based on asbestos fibres or on synthetic
fibres.

7. Process according to any one of Claims 1 to 6,
wherein the cathode of the electrolysis cell is made of
platinum, gold, iridium, ruthenium, palladium, nickel,

30 graphite, vitreous carbon, iron, a atainlgss steel, a special
steel, lead, mercury or an amalgam or comprises titanium,
tantalum, nickel or a stainless steel, coated with a layer of
platinum, of gold, of iridium, of ruthenium, of a mixture of
several of these metals, of platinum, palladium, iridium,

35 rhodium, ruthenium, osmium or tantalum oxides or of a mixture
of several of these oxides.

8. Process according to any one of Claims 1 to 7,
wherein the cathode and the anocde of the electrolysis cell

* c L M N %




pofous di aphragm—345————3. Process according to Claim?2, wherein

t he separator [ S L oni c-type nenbrane prepared from

cat:i on-exchangF ﬂﬁ@i&@ﬁ%ﬂng acid groups. 4. Process according to
Claim 3; where s are sul phonj ¢ groups or carboxylic groups.
20

5. Process according to daitm 3 or 4, wherein the nenbrane

| s prepared frog,gl QBRbGe! Sohiuudk orPa0G8Tanaee Mtk it B ze

wherei n the separator enent 1s a_ di aphragm e of porous ceramc, a
di aphr agm nmade ®exfgFakedr oRoPPeRAREPSnt hetic fibres, or a 25 deposited
di aphragm based on asbesBos frbs@ssracivrdifnghedi Cliidresvhetein Bhacess

according to an f ] rel he_c f
el ectrolysis ce?éla%lag’d%a e o*zﬂ%lJatf‘%‘%u%a‘}ggg?‘d?ilg%%dlgﬁn?iﬁﬁlea%eutr#%ﬁgﬂlgaium
ni ckel, 30 5 graphite, vitPreobEoeesh@Ecorddng sosChrimchs wharain fhepeci al

steel, |ead, nMerEthbde o tRE8bagGHe Has QTROLGESNnhL | dEuwdtuiel ihdlser fRbakel
or a stainless steel coat ed vm'gp&l%}/r i oft

Qf ,pl ati ol d, of iridium
of ruthenium ofgraanr‘r’11>iatrur'seag¥ssevera Of ?trﬁg‘%g ﬁltfatvg#g‘}ho %Isatcl,or’?ar?]se ’
pal I adi um iri difishts3®9r fphpdi ofy theahanidghmagemiatpor tantal um oxi des or
of a mixture of several @fi.thpsgcoxd dRfoorBing BbOLRFSoRE COF B1GndsO 128 20§

of Cl ains to 7, wherein the gathode and th node of e eglectrolysis
cer I ™ hor® bndirie®sRel 2RedE {X iad o BIsBIRH apidy AR NG are
perforated or opardendum, pallafiwgessicisdor diraghitel witr & uwheaabonyhe
cat hode and the ANAGA iV atael! Ak et GddedNeost LUSEUSL comprises

vol i nal st ot el ENBLER FABRROImrtTased ks Sofa¥RE RbBIT AT Stni on
it is conposed, gold, of iridium, of ruthenium, of a mixture of several of
15 these metals, of platinum, palladium, iridium, rhodium,
ruthenium, osmium or tantalum oxides o'r of a mixture of
several of these oxides.
12. Process according to any one of Claims 1 to 11,
wherein the sulphonated phosphine has the formula (I):

(SO3M)
Ary / 3Vin1
\(Y1)m1

20 in which: -
| * Ar,, Ar, and Ar,, which may be the same or
different, represent aryl groups;
* Y,, ¥, and Y;, which may be the same or
different, represent '
25 . an alkyl radical having 1 to 4 carbon



felts or foans of these said—rmaterials. 11. Process according to any one of

Clains.l to 10, 10 anode is made of platinum gold, iridium
ruthenium palla ““jﬁ‘g@“j&m phi te, vitreous carbon, a stainless steel,
a special steel, Gonpri ses 'titani or tantalum coated with a

| ayer of platinum of gold, of iridium of EPheni um of a m xture of
several of 15 t hese net aI s, of platigwm palladium iridium rhodium

rut heni um osnium or tantal um oxides or_of a mixture of several of these
oxi des. 12. Process according-to and®dmesIfY @agigal baging 1 R %hige '
sul phonat ed phosphi ne has the forrruhaox(ut) [err] [err] [err] 20 I n which:

* [err] and [err] which may be th r&in{ferent represent aryl
groups; * [err]and [err], which ék‘ Theé sarre or different, represent
25 : an al kyl cxadindding 1 to 4 carbon 16

atons, an al koxy radi cal having 1 ten4No@rrhaacanpms a hal ogen atom 5
a CNradical, an [err] radical, %? &di‘gﬂcaor %n [err] radical, in
e i fer

which [err] and [err] which may be sanme or rent, represent 10
an al kyl radical having 1 to 4 carb8h g{cmrad:.cal in which R, and R,, which

may be the same or different, represent

10 an alkyl radical having 1 to 4 carbon
atoms;
* each M, which may be the same or different, is

an inorganic or organic cationic residue chosen
such that the compound of formula (I) i=s
15 soluble in water;
* m,, m, and m,, which may be the same or
different, are integers of from 0 to 5; and
* ' n,, n, and n,; which may be the same or
different, are integers of from 0 to 3, one of
. 20 them at least being'equal to or greater than 1.
| 13. Process according to Claim 12, in which each M,
which may be the same or different, is:

. H+’
. a cation derived from an alkali metal or
25 alkaline~earth metal,

. N(R,R,R;R.,)* with R;, R,, R; and R, which may be
the same or different, representing an alkyl
rqdical having 1 to 4 carbon atoms or a
hydrogen atom, or
30 . another cation derived from a metal whose salts
with benzenesulphonic acid are soluble in
water. ’
14. Process according to Claim 13, in which the
sulphonated phosphine is one in which:
_ 35 : - Ar,, Ar, and Ar, are phenyl groups;
- - Y,, ¥, and Y,, which'may_be the same or
different, represgent groups chosen from:
. alkyl radicals.having 1 or 2 carbon

atoms, and



*

each M which may be the sane or different, is an inorganic or organic
cationi € resi due chosen such that the conpound of formula (1) is 15
soluble in water; * [err] and [err] which nay be.the sane or different,
are integers of - fromO to 5; and * [err] and [err] which nay be the sane
or different, are integers of fromO to 3, o of 20 t hem

at | east being equal to or greater : GESY ordi gg aim
12, in which each M which may” be ttﬁ‘gisga régi‘éif*?eren n%c;is:o aacg ?%?1
derived froman alkali netal or 25 atoms; al kal i ne-earth netal,
[err] with [err] and [err} whiedeHay, khichemagnBe Othdliddny &3t diE€preaenti ng

fan a;ﬁg!{ h;?di cal having 1 to %éﬁ%e%?l&%t QB . Rk o8 %,gg%mgr??:oo%}.om or 30

cation derived fromwa 3 whose™sal enzenesul phoni c
acid are sol®ble in water. 14.- Proc&s according to Claim 13, in which the

sul phonat ed phosphine is one i wWhi @atidds derived from Na,l &, kagngalerr]

are phenyl groups; [err] and [err] I ¢h be the sane or different,
represent groups chosen from al kyl "Tadi &% havi ng 1 or 2 carbon atons,
and - 17 - al koxy radi cal s havi netramezhyiabooniumnstetraethydghmppium,
which may be the sanme or different, yeiia@sepysafmbainf oLt anuit9ThmRonium
[err] " 10 cations;

- nh; m, and m,, which may be the same or

different, are integers of from 0 to 3; and

- n,, n, and n,;, which may be the same or

different, are integers of from 0 to 3, one at
15 least being greater than 1.

15. Process according to Claim 14, in which the
sulphonated phosphine is chosen from the sodium, potassium,
calcium, barium, ammonium, tetrameﬁhylammonium and
tetraethylammonium salts of

20 mono (sulphophenyl)diphenylphosphine,
di(sulphophenyl)phenylphbsphine and
tri (sulphophenyl)phosphine.

16. Procese according to Claim 15, in which the SO,
groups are in the meta position of the sulphonated phosphine.

- 25 17. Process according to any one of Claims 1 to 16,
wherein the transition-metal compound is chosen from nickel,
cobalt, iron, palladium, platinum, rhodium and iridium
compounds which are soluble in water or capable of passing
into solution under the reaction conditioms.
. 30 18. Proceas according to any one of Claims 1 to 17,
wherein the transition-metal compound is a nickel compound.

' 19. Process according to Claim 18, wherein the
transition-metal compound is a nickel carboxylate, nickel
carbonate, nickel bicarbonate, nickel borate, nickel bromide,

35 nickel chloride, nickel iocdide, nickel thiocyanate, nickel
cyanide, nickel hydroxide, nickel hydrophosphite, nickel
phosphite, nickel phosphate or a derivative thereof, nickel
nitrate, nickel sulphate, nickel sulphite, nickel
arylsulphonate or nickel alkylsulphonate.

i * €L M 5 =




cations derived fromNa, K, Ca, Ba, * [err] , and .

t et ranmet hyl ammoni um tetraet hyl anmeni um tetrapropyl anmoni um or

t et rabut yl ammoni um 10 cations;. - [err] and [err]
whi ch may be the sanme or different, are integers of fromO to 3; and -
[err] and [err] which nmay be the sane or diff%‘?e‘nt, are integers of fromO

to 3, one at 15 t ' reat 1 = Ss

according to Claim14, i nz\(/)\ﬁi C, r?%%%uﬁﬁg%gfgdeghg%ﬁm%'i ?hc gg‘gnegrgom
the sodium pot a®dickel carbexyiate risMickeloaraknte etritialhAormessi am and
t et raet hyl ammoni whekallt eieka@. nono(sul phophenyl)di phenyl phosphi ne,

di (sul phophenyl ) phenyl phogphi n r'c(ﬁ% phen phosphi ng. . .16. . Process
according to Caiml15, i n?&/ﬁi cﬁr%ﬂéejs% egrr lygraggpgga¥%}ioﬂg? h‘.’gE %aémﬁosli f’oga'
of the sul pRonafM®®xsidsphhnthe ycathode compartment, pehe diitdador ding to any
one. of Claims 1 tcdntentwleionnof Nehé railpHonalt hegebnbsﬁmm@d \ U.i(rjyi firorCh@sen from
ni ckel, cobalt, i .pal |l adi finu um and. i ridiumc ounds
whi ch are sol ubl éﬁ“ﬁ?’l\,’\gg& @grhfg%%g let_;xg rgﬁad';ggﬁ'glf"ﬁ :(L)a%ocf?ﬁcie i ggf‘ P%ethe
reaction conditi dransigion-metal comp@nd fispdaom 38ComdlAlitre 4w one of
Cainms 1 to 17, whelaimikke.transition-netal conpound is a nickel conmpound.
19. Process.qccording to aim, 18, wherein t.he transition-nmetal .conpound_is
a nickel cafboxylate, ni c%l' ggf%%ﬁ%? e réf‘é’ﬁ %‘f’cﬁ?"%oﬂﬁ?é@n‘ﬁa@\sﬂﬁog&t gll,
ni ckel bronide, Bgierq‘-i-incltble Gth?ﬁé_e?ommenitonGé,a_im!'cd?('el_helt Ivsprandse,
ni cte: c¥am ﬂei rérfalfﬂ.'ig@’féh@?béﬁd}zﬁtﬁkﬂ%y mﬁirt%lalheiebti-tslyeu %&ﬁlbleoae.l%&%hthed.
ni ckel phosphate or a deriyatiye er eo ckel nitrate,_ nicgkel ,su at e,
ni ckel sul phite, nickel alzél‘su PROASE 2T -%F%F&W&ﬁ%m‘ﬁﬁ%m the
. other cqmpounds in the cathode compartment are soluble salts
15 or complexing agents capable of modifying the potential at
which the reduction of the transition metal takes place.
24. Process according to Claim 23, wherein the

complexing agent is a cyanide or Lewis acid.

25. Process according to Claim 24, wherein the
20 Lewis acid is chosen from compounds of elements in Groups Ib,
IIb, IIIa, IIIb, IVa, IVb, Va, Vb, VIb, VIIb and VIII of the
Periodic Table of the Elements, insofar as the said compounds
are at least partially soluble and stable in water or, more
generally, in the aqueous solution to be electrolytically
25 treated.
.26. Process according to Claim 25, wherein the
Lewis acid is a salt.
27. Process according to Claim 26, wherein the salt
is a halide, sulphate, nitrate, sulphohate, carboxylate,
30 acetylacetonate, tetrafluoroborate or phosphate.
28. Process according to Claim 27, wherein the
halide is a chloride or bromide and the sulphonate is a
trifluoromethanesulphonate.
29. Process according to any one of Claims 24 to
35 28, wherein the Lewis acid is zinc¢ chloride, zinc bromide,
zinc iodide, zinc trifluoromethanesulphonate, zinc acetate,
zinc nitrate, zinc tetrafluorocborate, manganese chloride,
manganese bromide, nickel chloride, nickel bromide, nickel
cyanide, nickel acetylacetonate, cadmium chloride, cadmium
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- 18 - 20. Process according to Claim19, wherein the nickel carboxylate is
ni ckel acetate, nickel formate or nickel citrate. 21. Process according to
any-one of Claims 1 to 20, 5 wherein, in the cathode conpartnent, the
initial concentration of the sul phonated phosphine is from[err] mol/litre
to 1 nol/litre and the initial concentration of the transition-netal

gormound i's f(r]I omb&%ahermlaéahﬁ?@s Qtéhﬂozrmefl sthfnots ‘bromide, sttaﬁ%us
rocess according to.,any one o e ca

conpart ment cont “ﬁ‘?h&r‘ ér556%%%%’&?5&%’nﬁﬁ}ﬂﬁlgﬁﬁd[}ﬁ‘?’%dﬁ?'oF“ﬁﬁEa‘tes'
el ectrol yte to baiitratessecdarBxyRittsesy &adfildbngmethGresubl®natiesr efnat he

ot her conpounds 'ﬁx@l%a%hh@ﬂﬁméﬂﬂpaééﬂﬁfﬂ cR18r:8biPEErsdld THhdride or
conpl exi ng agent s capabl e difying the potenti al “at which the reducti on

of the transrtiof £h 8§ Pace. 24. Process according to O aim 23,
wherei n the conpl exi ng agént |Braceqar&mb@mnbeubscaaiﬂ 3@5 wHeredes the rare

according to d ai N4 & NEar?Ghandef WM d 0 ds
of elenents in Gréogl%? Ie\g%ﬁ%lﬁg iIEI‘I?a g ‘Jg? C%r&% b§a£@6’%§ﬁ1{:}|{ bgqr-"\%/la Qgﬂd

VI1I of the Peri cﬁﬁ“l‘?rFé‘B\'ee&FWh\émEl%?‘M@l%sﬁﬁaPl‘d’g't%%%ﬁﬂ“&b Slake toald
are at |east par temﬂ:]m,sahunhemanﬂtséﬂdsﬂm ldr latetiam, nOre general ly, in

t he aqueousqgol ution to bglel eﬁ%ﬁ%{eﬁ%@ég‘ totEﬁ tggezgg PIiQRESS to

accordlngto Claim 25, wherein IS a rocess
according to O ai3f2athemednecither hewis acid ig I‘Fei-PFdéhlgﬁ?-‘Bﬁat@“%btrP&Fée'
sul phonat e, car bagdatsalphate, agthy| eeeiflaiciobortatel | Hoamheisichlvride,

phosphate. 28. Pracess. C%@%gxiiﬁg tQ .8 MaAly %gsgggn},{)ﬁane &Idl%onét%turfg

chl oride or brom deé an honate 1 s atr uor one
Process accor di ng‘%@iﬁﬂnfhéﬁé‘iéﬁ crérkel bramjde or nickel acetYlacetm‘ate-

15 32. Process according to any one of Claims 24 to
30, wherein the Lewis acid represents from 0 to 50 mol per
mole of transition-metai compound.

33. Process according to Claim 32, wherein the
Lewis acid represent from 0 to 10 mol per mole of transition

20 metal compound.

34. Process according to any one of Claims 1 to 33,
wherein the anode compartment contains an aqueous solution of
an anolyte ccmpr181ng an acid, a salt or a base.

35. Process accordlng to Claim 34, wherein the

25 anolyte is sulphuric acid, nitric acid, a water-soluble
carboxylic acid, a salt thereof, sodium hydroxide or
potasegium hydroxide.

36. Process according to Claim 35, wherein the
carboxylic acid is acetic acid. .

30 37. Process according to Claim 35 or 36, wherein
the anolyte is a sodium, potassium, ammonium or gquaternary
ammonium galt.

38. Process according to Claim 37, wherein the
anolyte is sulphuric acid or a salt thereof.

35 39. Process according to any one of Claims 1 to 33,
wherein the anode compartment contains an aqueous solution of

- an anolyte comprising one or more sulphonated phosphines.

40. Process according to any one of Claims 1 to 39,

wherein the initial concentration of the anolyte in the
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35 28, wherein the Lewis acid is zinc chloride, zinc brom de, zinc

i odi de,. zi nc trifluoronethanesul phonate, zinc acetate, zinc nitrate, zinc
tetvyafl uoroborate, nanganese chloride, nanganese bron de, nickel chloride,
ni ckel brom de, nickel cyanide, nickel acetylzgcet onate, cadm um chl ori de,

cadm um - 19 - bronide, stannous chloride“stannous broni de, stannous

sul phate, st ann%hg?iéxi CIRNely haapgﬁéomﬁﬂ%ﬁ ofS 'éhgh@igétr?i&éfé Tell is

carboxyl ates or trifluogonethanesul phona Z rare-earth el enent, co
chloride, ferrouST¥mIHT ®eIfliFre For i BAF{HBFede. 30. Process according
to Caim 30, wherein the 4lar e Peracebschecerding tanrnyaone ofeClaims 1 to 40,
praseodym um n ] } j [gY t i :
CQHEYPL LM tﬁ@@éﬁx&ﬁeﬁ%@&f&ﬂ%}néa&@da{h‘éﬂn S&Qﬁég&% solution

dysprosium holmum erbrum t _ r’rL tterbiumaor lutetium ] ,
31. Process acc®f it Pt ARFad¥Etef PRPAANRR 22 §Wlphenafed Bhaspinge apd on
acid is zinc chlartésnsitivh Mepdildeconveetéd| Pphalenstz ipactiegt iAtd Uorefniiaies,

stannous chlorideg,. st S .de Zj { d . C ri

m xture, nickel gﬁf’%rlﬁeg nﬁﬁag@%rg%?aeb%t%{%qg, ?gaﬁ%ﬁg.gg?bnﬁgégémre
32. Process acchfipgaeifiananshdtobedngi pessible fny. apidr sphuthen L& s
acid represents &eAtaintfehiiRlydenalll 8méhints 6 i ddrpouiideakuehn@ound. 33.
Process ac din im.3 rei Lew s acid.repr to -
10 nol percfné)l e g?‘-'%(r'i%é?{%%%%%n%g gﬁggﬁﬁ%%%n%{%%h %r o%gggggéégr rhg to
any one of d ai npethybgdataxgndtariderhethubaucebreritridiet o¥ont ai ns an
aqueous sol uti onmetnpibatehedfeGAEy.i sing an acid, a salt or a base. 35.
Process according to O aim 34, wherein. the 25 nol yte is sulphyriec acigd
nitric acid, a water-solubfée (?ar“'tf‘o BE 8 Fﬁfnﬁd%tgﬁfé’rceegfs, agogleﬁ:r'ﬁ‘e& in
hydr oxi de or pot an¥i epehgfir©laiges 1 to 41.
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36. Process according to Caim 35, wherein the carboxylic acid is acetic
acid. .30 37. Process according to Caim35 or 36, wherein the
anol'yte i's a sodi um potassium ammoni um or quaternary anmoni um salt. 38.
Process according to Claim37, wherein the_agplyte is sulphuric acid or a
salt thereof. 35 39. Process according to any one of Clains 1
to 33, wherein the anode conpartnent contains an aqueous sol ution of an
anol yte conprising one or nore sulphonatagggggg_iines. 40. Process
according to any one of Clains 1 to 39, he initial concentration
of the anolyte in the - 20 - soluti-on in the anode conpartnent of the

el ectrolysis cell is fr@ﬁb&ﬁéé]réﬁ”iﬁﬂtﬂﬂ%c&&o@nﬁﬁkéhLtfﬁEPﬁﬁhTﬂBNOQQSS

accordi ng to any one of T ai 66 rn: (-;E% e_conpart nent

cont ai ns an aqueous solutio ALY Spk a

sul phonat ed phosphine and on a tranmaﬂgmmnﬂLREQJﬂﬂmzrted at least partly
into a cyanide, said spent catalyst al so containing, optionally, one or
nmore Lewis acids, and it being possible for said solution to contain
relatively small amounts of conpounds such as 10 but adi ene and/ or

pent eneni trisd es Brosemd fxer adiepediettrochemixdly |mymtthasdsi bEi aecatalyst

ethyl succi noni t ré«%j;ﬁ‘pﬁsﬂfgt 0 BULGRCBRL £ &a1 don HetalAhUTEngPAAT SiEfidbl

process as defln In any one of d al ns
umber of 0 or 1, comblned w;th at least one gulphonated

phosphine, which comprises electrolytically treating, in the
cathode compartment of an electrolysis cell of an

10 electrolyser, an aqueous solution comprising at least one
compound of a transition metal and a sulphonated phosphine.



