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that their reduced
catalysts based on nickel or on cobalt are in

10 particular Raney nickel and Raﬂey cobalt, which are
widely used in industry in many_hydrogenation
reactions.

Catalysts of this type, which are very
efficient and which possess very broad fields of

15 application, nevertheless exhibit a number of
disadvantages and a number of limitations of use.

First of all, they are prepared by attack,
using a strong base, on an alloy containing nickel or
cobalt and a high proportion of aluminium.

20 Such a preparation therefore necessarily
involves the generation of large amounts of basic
aqueous effluents containing aluminates, the treatment
of which effluents is essential.

Ahother limitation on the use of Raney nickel

25 and cobalt is due to the fact that their reduced form
is pyrophoric; it must be handled with care and can
only be used protected, either in the form of a

suspension or liquid or in the form coated in a



is pyrophoric; it nust be handled wth care and can only be used

protécted, either in the formof a.. © suspension or liquid or in the
formcoated in a ' 2 protective
solid. Use in a stationary bed on an gndustrial scale is thereby '
rendered difficult. o Finally, a progressive deactivation of
Raney  Ni Clgtotdctinis|dolid Oluse viadl a Wiaittionayy Béd wrerdn 5 neans of
regeneration is known. One of the hypot heses -whi ch seens accepted in
expl ai ni ng t hi dnbatirisk isoale is themsby imandered @iffikuilt cont ai ni ng
wat er and nore specifically in basic medium is the progressive

oxi dation of the residualFinakini anprogressive deagtiivation of Raneye
active surface of the nickel or of the cobal t. Anot her

formof netal ckekekionachakh imcpserved, whazpas e fficitrtertain
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specifically in basic medium, is the progressive
oxidation of the residual aluminium to aluminate, which

10 coats the active surface of the nickel or of the

cobalt.

Another form of metal catalyst has been used
in order to overcome certain abovemantioned
disadvantages of Raney catalysts: the metals are

15 deposited on a support. Thus, Pateht EP-A-0,566,197
describes hydrogenation catalysts based on nickel
and/or on cobalt deposited on a solid support, such as
an aluminium silicate, an alumina or a silica,
preferably with a cocatalyst, such as a non-acidic

20 alkali metal or alkaline-earth metal oxide or salt.

In this type of catalyst, the homogeneity of
thé distribution of the active metal in the solid
support is not always very good. In addition, the
presence of a support can, in certain cases, limit the

25 activity of the catalyst and, in any event, dilutes the
active metal phase.

Thus, in Patent EP-A-0,566,197, the Examples

show that the active metal content of the supported



In this type of catalyst, the honogeneity of t he distribution of the
active netal in the solid support is not always very good. In
addition, the presence of a support can, in certain cases, limt the
25 activity of the catalyst and, in anygevent, dilutes the ~active
nmet al phase. Thus, in Patent EP-A-0, 566,197, the Exanples

show that the aggthY9stBt abesOBbeNbxebelln20s%PaAd!t &8 often 5 %.
3 catal ysts does not exceed 20 %and is often 5 % Finally, the

met hod of depopihallypf theemaehodeofie@spositionbpfi thecgrtivenmetalie
support, can result in parti al di ssolution of the active netal in the
reacti on 5 m byuimprebgaatibe oft thessupportedcan result in parpiednt

FR- A- 2,091, 785 descri bes catal ysts conposed of active netal oxides, of
active netal s diseblutionacfi theractivexmgtalain shesggpstiomat eri al s,
conprising magnesi um nickel, cobalt; divalent copper, 10 zi nc,
manganese 5nd/ Bixtnze,awbens thel catadysti Apumsed. chrom um and/ or iron.

T [n practice. 6 at omsPakenty HRehc2 091,705, Aeecribes SRERIVAER [ival ont
etals. 15 omposed of 338173 Bekal® okd¥ed, " o5 8EUILA e Y YE
active metal oxides and of support materials,
comprising magnesium, nickel, cobalt; divalent copper,

10 zinc, manganese and/or iron and trivalent aluminium,
chromium and/or ironm.

The proportion of divalent and trivalent metals in
these catalysts is, in practice, 6 atoms of divalent
metals per 2 atoms of trivalent metals.

15 These catalysts contain essentially aluminium
as trivalent metal and magnesium, nickel and cobalt,
sometimes in combination with other metals, as divalent
metals. They can be used for the dehydrogenation of
secondary alcohols or of monoolefins, isomerization or

20 dealkylation reactions or for the hydrogenation of
nitro compounds.

The new metal compounds according to the
invention possess, when they are used as catalysts, in
particular as hydrogenation catalysts, an efficiency of

25 the same order aé that obtained with Raney nickel or
cobalt, while not exhibiting the disadvantages
indicated above, in particular as regards their

deactivation and their regeneration.



as trivalent netal and magnesi um nickel and cobalt, sonetinmes in

conbi nation with other netals, as divalent netal s. They can be used
f.or the dehydrogenation of secondary al cohols or of nonool efins,

isomerization or 20 deal kylation reactigns or for the hydrogenation of
nitro compounds. The new netal conmpounds according to the

i nvention possess, when tffladditisitd aiF vhidylas ifot idontain garticul ar as
hydr ogenati on catal ysts, an efficiency of 25 t he sane order as that

obtai ned with Raggert,cteyrare compused twisthidly@nlwobiddtige he
di sadvant ages I ndi cated above, in particular as regards their
deacti vati on arsbmigmainds.egenerati on. I n addi ti on,
as they do not contain a support, they are conposed virtually only of
active conpounds. Finally, they Riamjexhihiteymalar saking nol ar
ratios 5 between the netals of which they are conprised, si tuated
within rel &ivdietwsemdheamptals ofywhich they gyecommmigednei r
catalysts | situated whthla CeRRGeRIIRRA T E Ny 10
conpounds cont av!rhnil.cri? ac.)ﬁ?ovgsr t enfrnbceormxg)c;si(ui\.lgrlz e‘_pé be adapted to the use
which will belmade thereof a# catalysts.
| These metal compounds are more precisely
10 compounds containing one or a number of divalent
metals, at least partially in the reduced state, bulked
by a phase comprising one or a number of doping metals
chosen from chromium, molybdenum, iron, manganese,
titanium, vanadium, gallium, indium, bismuth, yttrium,
15 cerium, lanthanum and the other trivalent lanthanides,
in the form of oxides.
The mefals present in the form of oxides are
known as doping metals in the preseﬁt text, because
they are necessary to the divalent metals for optimum
20 exertion of théir catalytic activity, in particular
because they confer a sufficient specific surface on
the combination.
The divalent metals are preferably nickel or
cobalt.
25 In general, at least 20 % of their atoms are
in the reduced state, that is to say in the 0 oxidation

state. Preferably, at least 50 % of the nickel or

cobalt atoms are in the reduced state.



nétaLs, at least partially in the reduced state, bul ked by a phase

conprising one or a nunber of doping netals chosen from chrom um
nol ybdenum iron, manganese, titanium vanadium gallium indium
bi snuth, yttrium 15 cerium Ianthanun1q§d the other trival ent

| ant hani des, in the form of oxides. The netals

present in the form of oqilERiFaent QQIQMLfES
%% Te ne fu;gqug ent net s for

present text, because ey are necessary to t

optimum 20  @feiparticlied Mivinisll2dd Gefdralily 1#:.'31904{41:'&5@& and

because they confer a sufficient specific surface on he conbi nati on.

The dival ent nmzoahandnetied .cMide spedificilly, the Gidd -of Zhe
In general, at least 20 % of their atons are in the reduced state,

that is to saydivaleat) metalafparticles is fivom B derSahanometremast 50 % of
t he nickel or cobalt atons are in the reduced state.

5 5 Theskhpatibizilensizsm areameasuredidy i¥rnay didifraction.of
particles having sizes generally |ying between 1 and 20 nanonetres.
More specifically, the siThe givalent metal paxrtikcles Arearticles is from3

to 5 nanonetres. 5 These particle sizes are measured by X-ray
diffracti on. homogeneously bulked with particles of at ‘least one

doping metal oxide in which the metal is chosen from
the metals indicated above. The doping metal oxides

10 exhibit particle sizes having the same order of
magnitude as the divalent metal particles.

The speclflc surface of the metal compounds
of the invention is generally betwaen 20 m?’/g and
150 m?/g.

15 The doping metal/divalent metal molar ratio
in the metal compounds of the invention is generally
between 0.01 and 0.50.

This molar ratio is preferably from 0.05 to
0.30.

20 A portion of the divalent metéls, nickel oxr
cobalt, can be substituted by one or a number of other
metals, such as, in particular, zinc, copper, silver,
gold, ruthenium, platinum or palladium. These metals
can represent, in moles per mole of nickel and/or

25 cobalt, from 0 % to 50 %.

For the doping metal/divalent metal ratio
defined above, these other metals optionally present

are regarded as forming part of the combined divalent



The.divalent netal particles are honogeneously bul ked with particles

of at |east one - doping netal oxide in which the netal is chosen from
the netal s indicated above. The doping netal oxides 10 exhibit particle
'si zes having the same order of magni t ude as the dival ent netal
particles. The specific s face of the netal conpounds

of the inventi8$ Li generally between 20 nferr]/g and 150 nferr]/g.
15 : ﬁe géping nmetal /di val ent netal nolar ratio in the

metal compounds of the iﬂiﬁﬁﬁéngLﬁ?ﬁ?@@*?éﬁymatal09§Sag§§§=9'g% and 0.52.

This nolar ratio is prefera _ |
portion of thepgi¥dhgi fhsed"'beKahulini ¢8R2al bnhig2R10R3 titute
by one or a nuﬁber of gtﬁg? ed b%a?a?@?‘%ﬁ?h°§sggun*%é%t?cﬁﬁéégnéunc,

copper, silveroxide cafiok@prédbienevsm Bl &t t8UBDO% P&l halkBMbeThese netal s
can represent, in noles per nole of nickel and/or 25 cobalt, fromO %to

50 % 5 aluminiukOperhmollepofgali! ¢hedavpiagt métadk pabkent.
defi ned above, these other netals optionally present are regarded as
form ng part of the conbfhedddpiagemetals present in the form of
° oxides in the metal compounds of the invention are
generally in the oxidation state 3 but can, for some of
them, be at 1ea§t partially in the oxidation states 4
10 or 5.

Another subject of the invention relates to
the precursors of Ehe metal compounds described above.

These precursors are provided as metal
compounds containing one or a number of divalent metals

15 in the form of oxides, bulked by a phase comprising one
or a number of doping metals chosen from chromium,
molybdenum, iron, manganese, titanium, vanadium,
gallium, indium, bismuth, yttrium, cerium, lanthanum
and the othef trivalent lanthanides, in the form of

20 oxides.

As indicated above for the metal compounds in
which the divalent metal or metals are at least
partially in the reduced state, from 0 % to 50 % in
moles of these doping metal oxides can be replaced by

25 aluminium oxide and from 0 % to 50 % in moles of the
divalent metal oxide or oxides can be replaced by zinc,
copper, silver, gold, ruthenium; platinum and/or

palladium oxides.



netal s. Li kew se, the doping netal oxides can be
partially replaced by alum ni um oxide. This al um nium oxi de can

- represent from0O %to 50 %in noles of 5 alum nium per nole of all the

-dopi ng netal s present. The, doping netals present in the
f or m of oxides in the netal conmpounds of the invention are

generally in the oxidati %ﬁﬁkﬁlédgg?g%@ fBardg?)? Yhese them be at

| east partially in the oxi

Anot her subj eCpyQiouriRrd])V Gid ¥he Whdides OF the malidrityeOf tHe Of the

nmet al conpounds descri bed above. These precursors are

provi ded as nNemdtals whieh e deplate’ia)ipttith @f aHe! @ivalenyli val ent
nmetals 15 in the form of oxides, bulked by a phase conprising one

or a nunber of mdtalsy Erienlengi/lys aeducdblel @lel Precursorid makdeditm iron,
manganese, titanium vanadi um gallium indium bisnuth, yttrium
cerium | al hapemsible tanchtiedmt lar eduction atamelatiidedy moddmatieor m of
20 oxi des. As indi cated above for the nmetal conpounds in
whi ch the di vatempenatyreyr the aetal sompounsgla of the dmwentiiion.d n the
reduced state, fromO %to 50 %.in mol es of these doping netal oxides
can be replaced by 25 Thighineduatdencambe carried ontsdwheatings of

t he di val ent_ metal_ oxi de or oxi des can be repl aced

copper, silver ,‘m&ﬂrd,hvm-umhepmqm%mpent“ﬁaﬁga%cﬁ%.

between 200°C and 500°C.
10 The hydrogen can be used under pressure or by
sweeping.

The duration of the reduction can vary within
very wide limits. By way of indication, it generally
lies between a few minutes and 24 hours, most often

15 between 1 and 10 hours.

The oxides of the doping metals, and in
particular the optionally present aluminium oxide, are
not reduced under the conditions for reduction of_the
divalent metals indicated above. The metal compounds of

20 the invention therefore do not cohtain aluminium in the
oxidation state 0, unlike Raney nickél or cobalt.

A process for the synthesis of the precursors
of the metal compounds of the invention consists in
preparing compounds having a structure belonging to the

25 family of the lamellar double hydroxides (LDH) of
hydrotalcite type and then calcining the said compounds
of hydrotalcite type.

The hydrotalcites (or LDHs), thus called by



7 ) The di val ent netal oxides of these precursors, and
the oxides of the majority of the netal s which can replace a portion
of- the dival ent netals, are easily reducible. The precursors make it
5- possible to obtain, by reduction at relagively noderate _
tenperature, the netal conmpounds of the invention Thi s

reducti on can b.4rditth Y the fidld WE the ndtifiall The reduction
tenperature is preferably bet ween 200[err]C and 500[err]C 10

The hydrogen camgiRlyiecH) UOOSEMOSSatecconpbiinds of §éBeraldEformula
The duration of the reductlon can vary within very wide limts. By

“way of indicatiqE)sdt generally lies between a few m nutes and 24
hours, nost often 15 between 1 and 10 hours. The oxi des
of the doping netals, and i AM(II), M{IXT)yKQRE) ;IFE(RHL)"OmEOy present (T)
al um ni um oxi de, are not reduced under the conditions for reduction
of the 5 di viat athighst al s i ndi cated above. The netal conpounds of 20
the invention therefore do not contain alumniumjin the oxi dati on
state 0, unlike Raney ni cie|reRressnkig an inorganic aniony pﬁ‘%ﬁ‘ks%sfor t he

synthesis of the precursors of the _netal ounds, t he i nvention
: an3|sts in P carbonate, sulphate, n1 ate, 1odate, hal J‘

vanadate, chromate, molybdate, aluminate,

stannate, zincate, permanganate, cuprate,

10 gallate, a heteropoly acid anion, a
carboxylate anion or a mixture of a number of
these anions,

- M(II) is a divalent metal,
- M(III) is a doping metal in the oxidation
15 statg 3,
- X represents a number from 0.01 to 0.33,
- n represents the valency of the A anion,
- m represents a variable number of molecules,
depending on the method of preparation and on

20 the drying conditions.

In the case of the LDHs resulting in the
precursors of the metal compounds of the invention,
M(IXI) at 1ea§t partially represents Ni or Co and M(III)
represents at least one doping metal in the oxidation

25 state 3 chosen from chromium, molybdenum, iron,

manganese, titanium, vanadium, gallium, indium,
bismuth, yttrium, cerium, lanthanum and the other

trivalent lanthanides.



preparing conpounds having a structure belonging to the 25 famly of the
| anel | ar doubl e hydroxi des (LDH) of hydrotal cite type and then

cal cining the said conpounds of hydrotalcite type.

The hydrotalcites (or LDHs), thus called

8 extension of the nanme of the natural conpound My[err] Al [err]
(OH) [err]COJerr] [err]H : ¢ |l bl (n:
[MI1)[err]MII1)[err] (O@Dﬂ[’éelrp%e[fea;ﬁﬁi erri)[el(ra; %—I%Fgfra]fg ?(II)) 5in
whi ch: are thost HIWAIVH A Fepreveiithi @ Tarbonatd; mitrate,
carbonate, sul phate, nitrate, iodate, halide, vanadat e,
chromate, nol yhdsadats,udhidvmate, molybdate, aluddidiatd,c staniatie,

per manganate, cuprate, 10 gallate, a heteropoly acid anion, a
car boxyl at e anizimcates pPermangaxate,nuwupxatef, gallate or carbddydateani ons,
- MI1) is a divalent netal, - MII11) is a doping netal in
t he oxi datiSon apdon or a mixtunenicf 3 number of these anigm=candt & a nunber

fromO0.01 to 0. 33, - n represents the val ency of the A anion,
- m r epr esenTEPFOSHTtSy B DReY fyom () .d48 &o 0.23.

The hydrotalcites of formula (I) are prepared
by precipitation, during the mixing of aqueous
solutions of inorganic compounds of the divalent metals
10 and doping metals forming part of the composition of
the said hydrotalcites and of a carbonate, in
particular of an alkali metal carbonate.

The compounds which can_be used are the

water-soluble salts of the various M(II) and M(III)
15 metals.

Mention may be made, as non-limiting examples
of such compounds, of nickel nitrate, nickel chloride,
nickel bromide, nickel iodide, niqkel sulphate, cobalt
bromide, cobalt chloride, cobalt iodide, cobalt

20 nitrate, cobalt sulphate, copper acetate, copper
chloride, copper nitrate, copper sulphate, silver
fluoride, silver nitrate, zinc-acetate,-zinc bromide,
zinc chloride, zinc formate, zinc nitrate,  zinc
sulphﬁte, chromium chloride, chromium sulphate,

25 chromium bromide, iron bromide, iron chloride, iron

- formate, iron nitrate, iron oxalate, iron sulphate,
titanium chloride, titanium bromide, gallium bromide,

gallium chloride, gallium nitrate, gallium sulphate,



dépeqding on the method of preparation and on 20 the drying

condi ti ons.

In the case of the LDHs resulting in the

precursors of the metal conpounds of the invention, MI11) at |east

partially represents Ni or Co and MII1I) 0
in the oxidation 25 state % chosen from chrom um

dopi ng net al

represents at | east one

nmol ybdenum irofndium.brgﬁFggpeiﬁdiﬁﬁtﬂﬂ% 318¥22?gﬁfﬂh 9§#¥§§F£n%£3£“H]

bi smuth, yttriun cerium

| ant hani des.

nt hanum and

t d. » ' d ° Y 1
preferred hydro?%%%??eg'o?a?%rﬁ%Tabf?Tlde vanadiy o%édfﬁeﬁhygﬁa%?
represents a CaghppRhfe, NbbEShR: acetate)2BaBhR bEGROAB) CceFhubdal €,
al uni nate, stannate, zi ncate, pernmanganate, cuprate, gallate or

car boxyl at e

5i6aiQ8, OkeRilhxhitPalé, 21aHERSAuA abbLaCe A N1AAEHARGMX
represents a nunber from0.048 to 0. 23.

The

The hydrotal cites

of fornmula $§1) brempdepalaedthanum Dydfdegi pahthanum fitrate] hbBisimithg of

10

aqueous sol utions of inorganic conpounds of the divalent netals
and dopi ng net ahitfatei motwbdentmt hitratpoortmangshese nitratesai d
hydrotal cites and of a carbonate, in particul ar of an al kali netal
car bonat e. Thehdissejutihon ofii thesancoupounds sandt the

10

15

20

25

precipitation of the hydrotalcite of formula (I) are
carried out at a temperature egqual to or less than
100°cC.

The hydrotalcites of formula (I) in which A
is an anion other than the carbonate anion can be
obtained from the carbonate hydrotalcite prepared
above, by exchange of the carbonate anions with other A
anions in agqueous medium.

It is important to wash the hydrotalcite in
order to remove as much as possible of the
unprecipitated inorganic cations and anions arising
from the compounds used. These ions are undesirable
because they are capable, at least in certain cases, of
promoting sintering of the divalent metal particles,
resulting in an increase in the size of the latter and
a decrease in the specific surface of the precursor and
of the metal compound which will be prepared from the
hydrotalcites.

The hydrotalcites thus obtained are then
dried and then calcined in order to form the precursors

of the metal compounds of the invention.



wat er - sol ubl e salts of the various MIIl) and MIIl) 15 netals.

Ment i on may be nmade, as non-limting exanples of ‘such conpounds, of
ni ckel nitrate, nickel chloride, ni ckel brom de, nickel iodide,

ni ckel sul phate, cobalt brom de, coRglt chloride, cobalt iodide,
cobalt 20 nitrate, cobalt sul phat e, cop acet ate, copper

chl ori de, copper nitrate, . .GoO te,. Silver r siJ ver

nitrate, zi ngpacet at e, ,@%p °§€£ﬂon szqﬁ?e(ﬁﬂloliy(f rz"led%f% 'JT

Zinc nitrate, z emﬂd R 0o ey cfn%ezaﬂgx Q49 Sul phat e,
e, e,

25 chromumbro I ron brom i ron drl f or mat e,

iron nitrate, by Qﬁ’élﬁbew:.ﬂlf’&ﬁ”.' Ly %alci,nat:.tdﬂ gdﬁng{g u¥d 411

titaniumbrom' um brom | 1um chl galllumnltrate

gal I'ium sul phaty adjusted, in the d.ef:l.ned re :.on, to the nbture of i ndium
brom de, indiumchloride, indiumnitrate, indium sul phat e, vanadi um

brom de, vaadighe idupidyy netald/ land to tHd @oiihg aRtaldsailRnt cerium
brom de, cerium i odide, ceriumnitrate, |anthanum acetate, | anthanum

5 brom de, | anmetmainzatdicle, | ant hanum nitrate, bisnuth nitrate,
nol ybdenum nitrate or nanganese nitrate. The di ssol ution of
t hese conpounds and the The calcdgiatiiton itdmenfis hidhidr staatigibile .0fBY or nul a
(1) are way of indication, it most often lies between a few

minutes and 24 hours.

10 The ma£a1 compounds according to the
invention defined above can be used as catalysts in
many reactions. Generally, they can be used in the
reactions catalysed by Raney nickel or c¢obalt.

They are thus more specifically hydrogenation

15 catalysts. They can therefore be used for the
hydrogenation

- of various families of nitrogenous
compounds, such as nitriles, imines, oximes,
nitrogenous heterocycles, azo compounds or nitro

20 compounds,

- of carbonyl compounds, such as sugars, for
example,

- of compounds possessing carbon-carbon
unsaturation, such as, for example, ethylenic

25 compounds,

- of compounds possessing an aromatic ring,

such as, for example, benzene or naphthalene compounds.

Preference is given, among substrates where



carried out at a tenperature equal to or less than 10 100[err] C.

The hydrotalcites of formula (1) in which A I's an ani on other than

t he carbonate anion can be obt ai ned fromthe carbonate hydrotalcite
pr epar ed above, by exchange of the cagbonate anions with other A 15
ani ons i n aqueous nedi um Is inmportant to wash the

hydrotal cite i“h%%faggﬂ£9££ { 8ah°BRVEaBA1HEH By RS mBLEL CbokpSuna

unprecipitated 1 nrc cations and anions arising romt he s
conpounds used. ogheRg iRPeneién!Ng6ShiePites20 because they are capable,

at least in certain cases, of pronoting sintering of the divalent
metal particles, r epHbt mn8fal Ncdilpbifd8ase thet hfivehttonl cahebbatt er
and a decrease in the specific surface of the precursor and of
the nmetal conpousdawiihch pkbteBs foepthedhfdrogenatiadh ofhamliiphaticses.
The hydrotal cites thus obtained are then dried and then calcined in
order to fosm tagchoatiphatic, hetetotielivt or avapathdsmohonhbtrihesnti on.
This calcination is generally carried out at a tenperature of

250[err] C to 600fedihirrideeraPinitmiles representi papangieniardyr. The

calcination tenperature wl |
advantageous family, due to the compounds in which they

result.
These dinitriles are, more particularly but
10 non-limitingly, the nitrile substrates of formula (II):
NC-R-CN (IXI)

in which R represents a linear or branched alkylene or

alkenylene group having from 1 to 12 carbon atoms or an

unsubstituted or substituted arylene or aralkylene or
15 aralkenylene group.

Use is preferably made of dinitriles of
formula (II) in which R represents a linear or branched
alkylene radical having from from 1 to 6 carbon atoms.

Mention may be made, as examples of such

20 dinitriles, of, in particular, adiponitrile,
methylglutaronitrile, ethylsuccinonitrile,
dimethylsuccinonitrile, malononitrile, succinonitrile
and glutaronitrile and their mixtures, in particular
the adiponitrile, methylglutaronitrile and

25 ethylsuccinonitrile mixtures which arise from the same
process for the synthesis of adiponitrile.

The hydrogenation reaction of the dinitriles

is preferably carried out in the presence of a strong



be adjusted, in the defined region, to the nature of 5 the doping netal s

and to the doping netal/dival ent netal ratio. The
calcination tine is highly variable. By way of indication, it nost
often |ies between a few m nutes and 24 hours. 10 The
met al conmpounds according to the i ni¢ht i on defined above can be used

as catal ysts i _nany reactions. nerally, Jhey can be used in the
reactions cat alrkfé%‘ w%%vm&s%r%o‘bﬁ?%°¥’biy dhosen from are

thus nore specifigcally hydrogenatio Al al s.nﬂégw' t herefore be
used for the éc’ff??'y%?%gceﬁ?%ésﬂ rhi&é’ Na&&' ll(‘ié'of v ﬁo%%&}a i es of
ni trogenous qPBHgﬂ§ such as nitriles, imnes, oxines,
nitrogenousluﬂ%#%%gc es, é?%'conpounds or nitro 20 conmpounds,

- of carbonyl conpounds, FWGh-AstHHE2 Gee | B most oft@iNhéde of NaoH

- of conpounds possessing carbon-carbon unsat uration, such as, for
exanpl e, etgiyl e RO, £6°@AFGSE performance/cost compr&Ri®e)nds
possessi ng an aromatic ring, such as, for exanple, benzene or

napht hal ene congitlssisgh RbOH and CsOH giveféven dettexi vésultsddNg
substrates where

The hydrogenation reaction mixture is
preferably liquid. It contains at least one solvent
capable of dissolving the nitrilg subsfrate to be

10 hydrogenated, because thié reaction takes place better
when the said substrate is in solution.

According to an advantageous form of the
hydrogenation process, use is made of an at least
partially aqueous liquid reaction mixture. The water is

15 generally present in an amount less than or equal to
50 %, advantageously less than or egual to 20 %, by
weight with respect to the total reaction mixture. More
preferentially still, the water content of the reaction
mixture is between 0.1 and 15 % by weight with respect
20 to all the constituents of the said mixture.

At least one other solvent, of the alcohol
and/oxr amide type, can be provided in complementing or
in substituting for the water..fhe alcohols which are
more particularly suitable.are, for example, methanol,

25 ethanol, propanol, isopropanol, butancl, glycols, such
as ethylene and/or propylene glycol, polyols and/or
mixtures of the said compounds.

In the case where the solvent is composed of



12 hydr ogenati on can be cat al ysed by the netal conpounds of the

invention, to nitriles. The nmetal conpounds of the invention
«an be used in a process for the hydrogenation of aliphatic, 5
'cycl oal i phatic, heterocyclic or aromati Cy nonitriles or dinitriles.

Dinitriles represent a particularly dvant ageous fam |y, due to the

conmpounds in i sthey . _ lﬂga 0ll3ldone®S are,
nor e partrcul\agrgl)%gﬁ'%g'i"& noﬁlr#rtrngF,'tﬁ’eer!Hnr S’gg@tratgyof
formula (11): imet: NC- R- CN (rr)
in which R represent hgﬁa.lcr?ggﬁuor branched al kyl ene or al kenyl ene

group having from1l to ﬁeﬁa&l%o'lsa"eﬂﬁ.o?edaﬁuth watéds Ukl gd19/én®,

substituted aryl ene or aral kyl ene or ar al kenyl ene group.

Use is prefer eFall yolaldiohdliid,c tepresents Eaom l1a% ito) lovomy By R
represents a linear or branched al kyl ene radi cal having fromfrom1
to 6 carbsn aweight with respect td\ithied weight lof water andexanpl es of such
20 dinitriles, of, in particular, adiponitrile, met hyl glutaronitrile,
et hyl succi nonprefierably frdm R/ toud®Onéhitrile, malononitrile,
succinonitrile and glutaronitrile and their m xtures, in particular
the adiponitrile, methyhgicording to another prefexzied sharashenistic

m Xtures which arise fromthe sane
of the hydrogenation, diamine, which is formed in the

reaction, is incorporated in the reaction mixture. It
10 is, for example, hexamethylenediamine when the nitrile
substrate is adiponitrile.
The concentration of the targeted amine in
the reaction mixture is advantageously between 50 % and
99 % by weight with respect to the whole of the solvent
15 included in the said reaction mixture and, more
preferentially still, is between 60 % and 99 % by
weight.
The ligquid-phase hydrogenation can be carried
out non-continuously (batchwise) on nitrile alone or
20 optionally with other liquid compounds added, such as
the diamine which is formed in the reaction and/or the
solvent or solvents.
It can also be carried out with continuous
introduction of the nitrile substrate.
25 When the reaction is carried out with nitrile
and one or a number of solvents and/or diamine,
introduction of the nitrile substrate, for example

adiponitrile, into the reaction mixture is carried out



process for the synthesis of adiponitrile. The

hydr bgenation reaction of the dinitriles Is preferably carried o
t he presence of a strong 13
base. This strong base is preferably chosen fromthe fol |l owi ng
conpounds: Li OH, NaOH, KOH, RbOH, CsOH andS3 their nixtures

In practice,
per f or mance/ co
results.

preferably Ii qtﬁod IITY mﬁ%%s‘y%t o%e at Icg-’getr"g% ﬁ{bﬂﬂf‘%{‘g&:{é SWI
‘& ace b rxaéfcél\% (r?ut’#q‘ sm%%&% ate |s I'n SO%!{]U'[IOH

di ssol ving the
reaction takes
According to arn

is made of an at
general |y i athourt GE BEBE1in e tFedttion Griatture

water is I

q?ggqbﬁgqusgﬁﬂﬁp1of t he hydr ogenati on process,
east partially aqueous liquid reaction m xture.

% advantageously less than or equal to 20 % by wei ght with res
to the total restied dtécdrding o cche naturefcf cthe atdactsion Imixthereat er
reaction m xture is between 0.1 and 15 % by wei ght

content of the
wi th respect

10

15

20

25

20 to al IWhdre tihe stedcatcivr mixture scontains (only water

and targeted amine as liquid solvent medium, the amount
of base is advantageously greater than or equal to

0.1 mol/kg of catalyst, preferably between 0.1 and

2 mol/kg of catalyst and more preferentially still
between 0.5 and 1.5 mol/kg of catalyst.

In the case where the reaction mixture
comprises water and an alcohol and/or an amide, the
amount of base is greater than or equal to 0.05 mol/kg
of catalyst, preferably between 0.1 and 10.0 mol/kg and
more preferentially still between 1.0 and 8.0 mol/kg.

The amount of catalyst is not critical
because, depending on the embodiment of the process, it
can be in an amount several times larger than the
substrate to be hydrogenated, in particular when the
latter is continuously introduced into the reaction
mixture containing the catalyst. By way of indication,
the catalyst can represent from 0.1 % to 100 % by
weight of the weight of the liquid reaction mixture and
most often from 1 % to 50 %.

Once the composition of the reaction mixture

and the choice of the catalyst have been decided upon,

ut in

o dbin AAASIng o Songentrhion &f Fmreea 1o EHdor o

use

The

50
pect



At | east one other solvent, of the al cohol and/ or am de type, can be

provi ded in conpl ementing or I n substituting for the water. The

al cohol s which are nore particularly suitable are, for exanple,

met hanol , 25 et hanol , propanol, isoprog?nol, but anol , glycols, such

as et hyl ene and/ or propyl ene glycol, polyoPs and/or - nixtures of the
sai d conpounds t he & se mhere R Ql osed
of thess, typ Gempopepkd o7, BRRA ARA"thiR § e%?rsyri o

di net hyl I th
1 ot oyl 10 ol R i, L e
vei ght wi th regggek, t prier \&gugh&e% Ul o2 hquat ¢ PagooEalol fped 2 %o

300 % Accordi ng to anot her preferre aracteristic

of the hydrogepseifaientialiyestWiiCheks thafPdr Bqul? to 100®e3ction, is

i ncorporated in the reaction mxture. It 10 I's, for exanple,

hexanet hyl gnedi ani ne whemn! @ongiretel terms, tmbstwberatu&dl Aenitrile.

The concentration of the targeted amne in the reaction mxture is

advant ageous| ybettveean robom’tangeratured {atiproximatelyw20fC)ecandct to the

whol e of the soLvent 15 included in the said reaction m xture and, nore
100°C. :

Prior to, simultaneously with or subseguent

to the heating, the reaction chamber is brought to the
10 appropriate hydxoﬁen pressure, that is to say, in
practice, between 0.10 and 10 MPa.

The reaction time is variable, according to
the reaction conditions and the catalyst.

In a batchwise operating mode, it can vary

15 from a few minutes to a number of hours.

In a continuous operating mode, which is
entirely conceivable for this type of reaction, the
time is clearly not a set parameter.

It should be noted that thé person skilled in

20 the art can vary the sequence of the stages of the
process, depending on the operating conditions. The
order given above only corresponds to a preferred, but
non-limiting, form of the hydrogenation process.

The other conditions which govern the

25 hydrogenation (in continuous or batchwise mode) are a
matter for conventiomal technical arrangements which
are known per se.

By virtue of all the advantageous



preferentially still, is between 60 % and 99 % by wei ght .

The ['i qui d- phase hydrogenati on can be carried out non-conti nuously
(batchwi se) on nitrile alone or 20 optionally with other liquid
conpounds added, such as the diamne which is forned in the reaction
and/ or the sol vent or sol vents. It can also be

17
carried out with conti nuous . introduction.,of the_nitrile bstrat e.
25 mm*%%bhﬂ%%t 8 %%nd one
or a nunber of | vent s and/ or_dianine,. I Nt 1.0 Lon _of the nitrile
. substrate, for 33’5?31’*3’”%’”” L REsible the %ef'nlee%r‘:(eiﬁfk: ‘i on r:r'i&;(ture i s
carried out fbserving

a concentration e 1V\%netn %(?f v an(fal ¥ 5(?%2)%‘#1&@ gﬂﬁ %ﬁﬁ? espect to
the total weigh fanis Jquid reaction mxture and preferably
0. Fithees o ki

bet ween %ww 5 The anmount of base in the
reaction mgure var iflfe ARGt IO [HE Alifgehitir il deact i on
m Xt ure. When the reaction mxture contains only water

and targeted anmhukaifettylénbdidmitid I8 GHadrtiduilkariydiportant Ofsiirse iS
advant ageously greater than or equal to 10 0.1 nol/kg of catalyst,
preferably bet wiig) hiydrofyenated derivative is one of the basic
monomers in the manufacture of polyamide 6-6.
The hydrogenation of dinitriles can also
10 provide access to aminonitriles. Thus, it is possible
to hydrogenate a single one of the two nitrile
functional groups of adiponitrile to obtain
aminocapronitrile. The latter compound can easily be
converted, by cyclizing hydroiysis, to caprolactam,
15 which is the starting material in another large-scale
indnstriél synthesis of polyamide, namely polyamide 6.
The invention is illustrated by the following
examples of the preparation of metal compounds of the
invention and of the application of the latter in the

20 hydrogenation of adiponitrile to hexamethylenediamine.



2 nol / kg of catalyst and nore preferentially still bet ween 0.5 and

1.5 mol / kg of catalyst. In the case where the reaction

m xture conprises water and an al cohol and/or an am de, the 15
amount of base is greater than or equal to 0.05 nol/kg of catalyst,
preferably between 0.1 and 10.0 nol/kg ar® nore preferentially still
between 1.0 and 8.0 nol/kg. The anpunt of catalyst is not
critical EXAMPLES. dependi ng on the enbodi nent of the process, it 20

ti

can be in an g | arger t nhe_l ___substrate to be
hydr ogenat ed, ¥ W =20 O MQLhL ComRAERdRously

I ntroduced i ntgo ned ' . lXture containing the catalyst. By way
of indicati on,a'cé o b present fromO0.1 %to 100 % by 25
wei ght of the%_&[_ the liquid reaction mxture and nost often

froml %to 50 %: Once the conposition of the reaction

mxture 5 and the chygemPlof i GRdoid SR RGETA Gneiethimpn

these two conponents are mxed and this mxture is then heated to a
reaction tenpard Wwicl |6 Wi aia Of Clalid he fornl M Hdix Wiwvdgeadbl v | ess

than or equal to 120[err]C and nore preferentially still less than or
equal to 100[ avir(ND,), -68H,0 and Cr(NO,)[-SH)OGI ¢he NL/CR, mbllas tratdierature is
being 3, are prepared.

200 ml1 of an aqueocus solution B containing

10 0.4 mol of sodium carbonate are prepared.

The solution A is gradually run into the
solution B over a few minutes, with stirring, the two
solutions being at a temperature of 80°C.

The formation of a homogeneous precipitate is

15 observed. The mixture is maintained at 80°C with
stirring for approximately 20 min.

The precipitate is filtered off and washed,
on the filter, with 1500 ml of water at 80°C.

The precipitate is then dried in a ventilated

20 oven at 120°C for 12 h; a green-coloured powder is
obtained with the formula: Ni,Cr,(OH),,CO, ‘4H,0.

This compound is then calcined in a
ventilated furnace for 3 h at 300°C. The chemisorbed
water and CO, are thus removed. The precursor of the

25 metal compound according to the invention is composed
of a very slightly crystalline mixed oxide of Ni and
Cr.

The precursor is then reduced by hydrogen at



bet ween room tenperature (approxi mately 20[.err]C) and 100[err] C.

Prior to, simultaneously with or subsequent to the heating, the
reaction chanber is brought to the 10 appropri ate hydrogen pressure,
that is to say, in practice, between 0.10 and 10 Mra.

The reaction tine is variable, according 18 the reaction conditions
and the catal ysj,.. N bat chwi se operating node, it can
vary 15 frgr#%?%%\ﬁ‘?ﬁrﬁﬂ&f o %Ftrﬂﬁm& .°r£it'n‘_' Tk In a
Cype of react i diveRion s ‘Yidhada ymicn A} (poded it HL Gy e "' ©
It should be ncg:gf]ﬂ tinfq1 6 WUhd L& | ' Opnys y. the
sequence of the's ag‘%gé%f tEe@ ¢ &%c@%s&&%e&%%?tﬁ%ﬁg%%%ﬁ ng

conditions. Thes); e dipdlie SO OINY £OTGIES PSR 3 & BEALETT o0

but non-limting, formof the hydrogenation process. _
The ot her o@ndigdwier Wiving & Spedi®ic durfddél 8 ernin® gy : ( compe@hgnuous or

bat chwi se node) are a matter for conventional technical arrangenents
whi ch are ¢gmpown per se. By virtue of all the
advant ageous 17

les 2 to 4

Example 1 is repeated, the respective amounts
of Ni nitrate and of Cr nitrate being varied, so as to

10 have an Ni/Cr molar ratio of 5 (Example 2), 10 (Example
3) and 20 (Example 4).

After the various stages of the synthesis
described in Example 1, the following three metal
compounds according to the invenﬁion are obtained:

15 - compound (b): black powder composed of Ni
and of Cr oxide with an Ni/Cr molar ratio = 5, having a
specific surface of 103 m*/g;

- compound (c): black powdexr composed of Ni
and of Cr oxide with an Ni/Cr molar ratio = 10, having

20 a specific surface of 80 m?/g;

- cdmpound (d): black powder composed of Ni
and of Cr oxide with an Ni/Cr molar ratio = 20, having
a specific surface of 30 m?/g.

Examples 5 to 10

25 'The amount of copper nitrate Cu(NO,),-6H,0 or
of zinc nitrate Zn(NO,), 6H,0 necessary in order to have
an Ni/Cu molar ratio of 5, 10 or 20 or an Ni/Zn molar

ratio of 5, 10 or 20 is added to the solution A while



arrangenents nentioned above, the netal conpounds of the invention

make ' possi bl e the sel ective, rapid, conveni ent and econom cal

hydr ogenati on of nitrile substrates to amnes. 5 The
hydr ogenati on of adiponitrile to hexanet hyl enediam ne is particularly
| nportant, since thi s hydrogenated derdQative is one of the basic

nononers i n the manufacture of oléﬁnide 6-

6., . T
hydr ogenati on offipwing fhe rq fleseriked din Srumwple, Jamhﬁb%i triles.

. Thus, it is possibl to. hyd enaje a single e, Oof nitrile

- functional group"§P Iox p%lﬁ’fﬁ%}Q% 'ﬁﬁﬁ n““g l%ﬁn’blga"p}ric:ﬁ‘flggr\?l e. The

- latter conmpound can L1y be converted, by cyclizing hydrolysis, to
0

caprolactam 1 Ts the starting material in another |arge-scale

industrial synthesis of pojy, éq?%Tn@g@i%upogyggggqoé-thg synthesis The .

invention is illustrated by t | ow n exanpl es of the preparation

of metal conPoungiss@fihé® in Exampyé™ | ObhéNforliowiy 2Pk ime¢arn of the

latter in the 20 hydr ogenati on of adiponitrile to hexanethyl enedi am ne.
18 EXAVPL ESompound $X@cdo£8ing €bcthé cinvent Don Ciravsbtainedounds

according to the invention
- compound (e): black powder composed of Ni,
of Cu and of Cr oxide with an Ni/Cu molar ratio = 5 and
an Ni+Cu/Cr molar ratio = 5, having a specific surface

10 of 85 m?/g;

- compound (£): black powder composed of Ni,
of Cu and of Cr oxide with an Ni/Cu molar ratio = 10
and an Ni+Cu/Cr inolar ratio = 5, having a specific
surface of 75 m*/g;

15 - compound (g): black powder composed of Ni,
of Cu and of Cr oxide with an Ni/Cu molar ratio = 20
and an Ni+Cu/Cr molar ratio = 5, having a specific
surface of 70 m?*/g;

- compound (h): black powder composed of Ni,

20 of Zn and of Cr oxide with an Ni/Zn molar ratio = 5 and
an Ni+2Zn/Cr molar ratio = 5, having a specific surface
of 95 m?/g;

-~ compound (j): black powder composed of Ni,
of Zn and of Cr oxide with an Ni/Zn molar ratio = 10

25 and an Ni+2Zn/Cr molar ratio = 5, having a specific
surface of 87 m*/g;

- compound (k): black powder composed of Ni,

of Zn and of Cr oxide with an Ni/Zn molar ratio = 20



‘Exanmple 1 5 200 m of an aqueous sol ution A containing

0.3 nmol of Ni and of Cr, in the formof their nitrates Ni
{NJerr])[err] 6H err]0 and Cr(NJerr])[err] 8Herr]O the Ni/C nolar
‘ratio bei ng 3, are prepared. 200 m of an aqueous
solution B containing 10 0.4 nol of s&®3i um carbonate are prepared.

The sol ution A IS graduall run_into the sol,ution B oy a few

m nutes, w t hadd an; ﬁrtwelar ratdg ﬁtFon?‘ﬂ%?ﬂg‘aﬁpacfgﬁﬁerature of

80[err]C. formati on of a honbgeneous precipitate is
15 observedsu?ﬁ€°ﬁ|?FUP§ iﬁalntalned at 80[err]C with stirring

for apprOX|naheI¥ éosghg. 3 !g The precipitate is filtered off:
and washed, . With 1500 ml of water at 80[err]C.
The precipitate is then d oﬂﬂtxgn qgtg%@hggedgow1 v e eﬁEm%%QtQ bgr 12 h;

a green-col oured powder | ta n or mu

N [err] O gerr Jpoadhhah" h§thatel Nﬁ"(‘ JQH,O and of cerium nIHkEtSOWpOUﬂd s

then calcined In a ventilate urnace for 3 h at 300[err]C. The

chemi sor bed Ce(ngw'@H,é”dngEeﬁi] niteatBySofcenvefiuhhaipratcer sor of the
25 met al conpound according to the invention is conposed of a very

slightly crystal(NogE, 18B0dandi 8¢ eériumandtrate nétessary in. order The
precursor is then reduced by hydrogen at
to have an Ni/Ce molar ratio of 5 or an Ni/Cr+Ce molar
ratio of 4, while following the procedure described in
10 Example 1.

After the various stages of the synthesis
described in Example 1, the following two metal
compounds according' to the invention are obtained:

-~ compound (1l): black powder composed of Ni

15 and of Cr oxide with an Ni/Ce molar ratio = 5, having a
specific surface of 100 m?’/g;

- compound (m): black powder composed of Ni,

of Ce oxide and of Cr oxide with an Ni/Ce+Cr molar

ratio = 4 and a Cr/Ce molar ratio = 5, having a

20 specific surface of 90 m?/g.

Examples of the use of metal compounds according to the
invention as hydrogenation catalysts

Examples 13 to 22 and Comparative Test 1

Various metal compounds prepared above are
25 tested as catalysts.
The hydrogenation test makes it possible,
under well-determined conditions, to compare the

activity and the selectivity of metal compounds of



19 350[err]C for 29 h. A netal conpound according to the

invention is obtained which is conposed of Ni in the oxi dation state
© and of Cr oxide (Ni/Cr nolar ratio = 3); this compound is provided
in the formof a black 5 powder havi a specific surface of 70
nferr]/g: conpound (a). n%l s 2to4 Exanpl e
1 is repeated, th.e res ectlv m)unts of Ni nitrate and of Cr nitrate
bei ng vari ed, VRSP B N /O rnolar ratio of S (Exanple 2), 10
(Exanpl e 3) and 201.1‘ 15@@ tpﬁ @rious
stages of the synthesis ﬁbeﬁﬂbé"cfed cl&xmiﬁt 1"f A%ese'{ 5 ov ng three
met al C R ew%&&w&q ALl oplt,

- conpound (b) a% er corrpose of Ni - of Cr oxuféwith an

Ni/Cr nolar raite gasa Jiﬁiﬁd’ﬁﬁa is gﬁ@"éé 'vﬁ.t‘!i”i %éﬁux@-ﬁg ne/ g;

- conmpound (c): black powder conpose and of Cr oxide with an

Ni/Cr ol & ratdgistadt steel@ropibingd fulaiel, G HydrsgerdfoB U 1]/ g;
- conmpound (d): black powder composed of Ni and of Cr oxide with an

Ni /Cr nol ar r gtds0 inl¥y;, mBelf-regulatinge hdatimy rdatrem, ndhng efox / g.
Exanples 5 to 10 25 The anmount of copper nitrate
Cu(Ng err])]| emQaﬂil{m Jadd rcontrolling ithe mrtessuwre mndtangofaturde,

6H err] 0 necessary in order to have
a magnetic bar rotating at 1500 revolutions/minute and

an outlet for the gases.

10 | The metal compound according to the invention
(0.2 g of Ni) with either (1) 40 g of ethanol and 1.6 g
of water (Examples 13 to 16 and Comparative Test 1) or
(2) 0.3 ml of ethanol, 38 g of hexamethylenediamine and
4 g of distilled water (Examples 17 to 22) and the

15 alkali metal hydroxide (sodium hydroxide, except when
otherwise mentioned), in a proportion of 2 mol/kg of Ni
of the metal compound, are charged to the autoclave.
The mixture is homogenized and is covered with argon.
Purging is then carried out with nitrogen and then with

20 hydrogen. Heating is then carried out to the chosen
temperature (80°C) and the chosen pressure (25 bar) is
established. |

1 g of adiponitrile (AdN) is introduced into
the dropping funnel and the latter is purged three

25 times with hydrogen. Injection of the AAN is carried
out over 1 h.

By way of comparison, a test is carried out

under the same conditions as Examples 13 to 16 with the
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(9):

Ni/Cu nolar ratio of 5, 10 or 20 or an Ni/Zn nol ar
20 is added to the solution A while

ratio of 5, 10

foll owi ng the procedure described in Exanple 1. The Ni +Cu/ Cr
Ni +Zn/ Cr nolar ratiois 5 in all the exanpl es.
er the various stages of the synthesis 23 descrl bed in Exanple 1, the

L?Yfegj Sifx ”eoi":nt m:i ﬁiﬁgﬁ&aﬁg?ﬁaﬁg& ofer BBRSYBICERLy
Cu Cr =_5 Cr
ar ratio  5oOREdE e,%”ntg $38:% oF 51 pila, wi8e ?e%aff&rrﬁ%%m B¢

onpound (f): of| ak 0. f_ i W?é
h an Ni/Cu m)l a?l l?'{) Tg:PQP égg:éﬁdogl P £ifar
ing a specif ganey nzcﬁuif%65tQ&n§535¥§B&khﬁt31§57

bl ack powder conposed of Cu and of Cr OXI

g OXIde
atlo = 5,

ight  otoggound
ewth an Ni/Cu

nol ar rati os= 2fetal w;%hdré%pﬁbtoebo’th@h&r ratio = 5, having a specific
face of 70 nferr]/g; - conpound (h): black powder

conposed of Ni, 20 of Zt &hé ehdCofoxhéec réactian, \ithé altodlavel ia = 5
an Ni+Zn/Cr nolar ratio = 5, having a specific surface
left at the temperature and the pressure until hydrogen

sur

and

consumption has ceased. The hydrogenate is

quantitatively determined by vapour phase

10 chromatography. The selectivities (S) of the various

by-products obtained are thus determined.

The by-products which are gquantitatively

determined are as follows:

BEMI : Hexamethyleneimine

15 AMCPA : Aminomethylcyclopentylamine

NEtHMD : N-Ethylhexamethylenediamine

DCH : cis and trans Diaminocyclohexane

BHT : Bis(hexamethylenetriamine).

The selectivity towards HMD in percentage is

20 given by the relationship: 100 - sum of the

selectivities of the by-products. In fact, as most of

the reaction solvent is composed of HMD, it

cannot be

directly quantitatively determined in a very precise

way. In contrast, it has been confirmed that the by-

25 products are, taken as a whole, all identified.

The selectivities towards each of

the by-

products are represented by the molar percentage of the

by-product formed with respect to the converted ADN. In



of 95 nferr]/g; - conmpound (j): black powder conposed of

Ni , of Zn and of Cr oxide with an Ni/Zn nolar ratio = 10 25 and an
Ni +Zn/ Cr nolar ratio = 5, having a specific surface of 87 nierr]/g;
: conmpound (k): black powder corrposed of N of Zn and of Cr oxide
with an Ni/Zn nolar ratio = 24 ' 21

merrlsg o a‘?ﬂ?e%t‘&'% % 399 CORp 28V bSate grrEitm ute the

glr_i[egﬂ ]e(c)i a\rllm;jt gfaggrr:l um ﬁf?oﬂ’trerséon é%e% err| ;{'&& Tk%g[ er rfblége{:n[] Ni
nitrate, of chroftufnealsescaninocabEeRLLELid) | £571801€! iRgand of cerium

nitrate necessary I n or der ave an ratto of 5 or an

Ni / Cr+Ce nol ar gelectivitiedfafe &ﬁbfésﬁ&h'Oﬂbfgcéﬂebﬁﬁéﬁégurﬁnqﬁﬁs iibed in
10 Exanpl e 1. After the various stages of the synthesis

descri bed i% Exefbg-prodiet fpét aiblg déEOcoRV@tted aawgconpounds accordi ng
to the invention are obtai ned: - conpound (1): black powder

composed of NI 15 and The Creferencei 6fi tive Nhétiel nEdmpolind i wsad S, th&vi ng
a specific surface of 100 nferr]/g;

nature of the divalent metals and doping metals of

which it is composed, the molar ratio of these metals

and the selectivities determined towards HMD and

10 towards by-products are shown in Table 1 below.



-- conpound (m: black powder conposed of N, of Ce oxide and of Cr

oxide with an Ni/Ce+Cr nol ar ratio = 4 and a C/Ce nolar ratio = 5,
having a 20 specific surface of 90 nrr]/g. Exanpl es of the use of
.met al conpounds according to the i nvention as hydrogenation catal ysts
Exanpl es 13 to 22 and Conparative Test 1 25 Vari ous netal
conpounds prepared above are 25 tested as catal ysts. The
hydr ogenation test nma Lt _DpOSSi determ ned
condi ti on, tivité/ f metal
conpoundsf of E - - e S \arious
conposi tipns. S | |8T t8 g¢faalstainl ess
steel autpclave in which the re t hdl sai d
aut ocl avell 1 s equi ppgd W{th p pr eel |droflpi ng funnel,
a hydrogefp or ui ngrt| e 3ga3>i h@atli &g [[syst em
means for a$uw¥ i ho~ ahor ¢ afd [t&nmer at ur e,
a magneti g bar rotafi nglat [L500 arf outlet for
t he gases TO0 he peta] coppound iccor dind to|thelinvention
(0.2 g of N ) vviah ¢id herg ()e 4peg pl ef kanpb ngJHggg e '
N clelalalala|(=|a|a]|s |4
8 c |le |le |28 |8 |2]|leslg l|g S
= § R |E (BB (3|3 |5 |5 |% |2 |z
e o e leoe o |8 |2 |2 |e o | S
- B (8|8 (2|8 [8 |58 (8|38 |3
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of water (Exanples 13 to 16 and Conparative Test 1) or (2) 0.3 m of
et hanol, 38 g of hexanet hyl enedi ani ne and 4 g of distilled water
(Exanmples 17 to 22) and the 15 al kali metal hydroxi de (sodi um hydroxi de,
except when ot herwi se nmentioned), in a proportion of 2 nol/kg of N

of the metal conpound, are charged to t hef&ut ocl ave. The m xture is
honogeni zed a I s covered wit 421 gon. Purging is then carried out

wi th nitrogen hydrogen. Heating is then carried out to

t he chosen t enper [2£r]C),and e ( bar) is
est abl i shed. aﬁ#Lﬁpﬁgg g? % i%%hi?é?l%ﬁ 25§§r$é8$§#$§ﬁu§§d into

t he dropping f el d t ' g h ' | '

hydr ogen. Injé%??bnao fﬁ€8%5§ﬁi§£%%?r?g% Eéimb 8§ﬁfa§§%? %bﬂ?§t!bﬁ§

By way of conpghdsSeithath8Skolveht he&fuflU(2), whil8dg@sihfethaRetRNdi tionNs
as Exanples 13 to 16 with the 23
sol vent nesli ungédpoutids PE) Ngndn{R) Ohsackeatystisckel containing 4.5 %
of Cr and having a specific surface of 70 mMerr] (NN/Cr nolar ratio
of approximately 20). Thihe resulteneylbat&dl inovablas2apglow agéecly 7 % by
wei ght of Al 5 metal with respect to the N . At the end’
of the reactioobtaimedut ocl ave is

|| Example 23/Compound (1) Example 24/Compound (m) II
S % HMD 99.0 99.0
s HMI | 900 550
10 S AMCPA 3000 ' 300
|s NEtHMD 1250 550
s oca w T sw ||
S BHT 3400 ' 7600 1=ﬂ
Table 2

15 Comparative Test 2

Preparation éf a metal compound not included within the
invention: Ni/Al,0,

A solution A is prepared, with the amounts of
[lacuna] nitrate Ni(NO,), '6H,0 and of aluminium nitrate

20 Al (NO,), -8H,0 necessary in order to have an Ni/Al molar

ratio of 3, while following the procedure described in |
Examplg 1.

After the various stages of the synthesis
described in Example 1, the following metal compound is

25 obtained:



left at the tenperature and the pressure until hydrogen consunpti on

has ceased. The hydrogenate is quantitatively determ ned by vapour
phase 10 chromatography. The selectivities (S) of the various

by- product s obtained are thus detern ned. The by-products
which are quantitatively - deternined % e as follows:

HM : Hexanet hyl eneimne 15 AMCPA : .
Ani nonet hyl cycl opent yl ani hefompound (p) : black powéq_lmosed of Ni
N- Et hyl hexamnet negi am n i . DCH .. cis .and trans
D ari hocye ohe ke 6 £1'dide with an migal mojariEREid 5 Fi RAVER %)
The sel ecti Vit yg.t OVP§ g% Y js 20 gi ven by the
% - fe 0 *fgbp&f sgf?gt'i Vi

rel ationship: 1 sum ties of the by-products. In

fact, as nbpst Qomparativi¥ F&HELE ON solvent is conposed of HVD, it cannot

be directTy quantitatively determned in a very precise way. In

contrast, i3 hassdash et @l ddidodd® ) ag hydfdfehtsodr e, taken as a
whol e, all identified. The selectivities towards each of

t he by- prexkalystory e represented by the nol ar percentage of the
by-product formed with respect to the converted ADN. In
24 all the Exanpl e ExampXask3 dto VES,[cidxs tlee rhysdragdnatisn of

AdN, are repeated under the same operating conditions
and with the solvent medium (1), while using the metal
10 compound (p) as catalyst.

The following results are obtained:

S % HMD 81.3
S HMI 154,000
" S AMCPA 0
15 S NEtHMD 2500
8 DCH . 420
S BHT 15,300
S ACA* and CVA* 15,000

(*) ACA = aminocaproamide; CVA = cyanovaleramide
20 Example 25 and c%arative Test 4
Ageing of the catalyst in a hydrogenation reaction.
A series of hydfogenaticns of ADN is carried
out under the operating conditions described for
Examples 13 to 22 with the medium (2) but injecting

25 10 g of ADN over 1 h, on the one hand with the compound



degree of conversion of the ADN (and that of the I nternmedi ate

am nocapronitrile) is 100 % The selectivities are expressed, for
conveni ence, in [err]nol 5 of by-product per nole of converted AdN.
‘The reference of the metal conpound used, the nat ure of the dival ent
nmetal s and dopi ng netal s of which i 28 s conposed, the nolar ratio of

~these netals and t sel ectivities teringd towards an 10
t owar ds by- pr ocdiftk sa‘fﬁ"er%&q #H\%bﬁ%v?%g?%vgﬁlféjr ='H) ‘%lﬂ\fDmf 3?]*'1
26 Exanpl g lﬁﬂ% 24 . " ﬁggﬁ?m t ﬁa[ f { he
hydr ogenat i on c?f‘ié?:s _a'N,L%'"'atrhe t:rb(‘aepea e fhder heseegda#é o('ge a r’fa‘n"'g'i'r"re

condi tions B Infydd e vent medium (2), while using the netal 5
conmpounds (1) anedsl?% was /céat al ;’édt)s. The results coll ated

in Table 2 bel ow are The completion time Ctl for each

5 hydrogenation is measured, that is to say the time
during which absorption of hydrogen continues, after
the end of injection of the ADN.

A second injection of 10 g of ADN is carried
out over 1 h with each of the two catalysts and the
10 completion time Ct2 is measured.
The following results are obtained:
- Example 25: Ctl = 15 min (S HMD = 99 %)
Ct2 = 16 min
- Comparative Test 4: Ctl = 17 min (S HMD = 98.7 %)
15 Ct2 = 99 min
A rapid deactivation of the Raney catalyst is
observed whereas the catalyst of the invention retains

a constant activity.



oot omoang (| WUMIRIRN > gz (0 Samieg

S HM 900 550 10 S AMCPA

3000 00 S NEt

250 s (9, 97/10052 400 E g %g‘p’m“T’ °b’|§°é2ﬂ .
3400 7600 abl e
Conparative Test 2 Preparati on oé2§¥%%%a| conmpound not i ncl uded
within the i nventipp: Nbféééggrféleﬁiirl e hydrog *&5? solution A
I's prepared, with the anmounts of | acuna] ni rate ‘N"Z frr])[err]
6H err] O and céhatadtetiFedi ihatkat 20t 1£I&£Hféd]&ﬁ€rﬂ ét&%f&é& essary
in order to have an Ni/A nol ar ratio of 3, while following t
procedure desorf eccatalyst chosem! £rdm metal compounds dﬁiﬁ;ﬂﬂ_ﬁgvafl ous
stages of the synthesis described in Exanple 1, the follow ng netal
conpound i% 2Ze omtaimwwber of divalent metals, at least partially 27

- conpound (p);: black powder conposed of Ni and of Al oxide with an

Ni /Al nolar rak® che Fedugedstate, bulked by a phase comprising one
or a number of doping metals chosgn from chromium,
molybdenum, iron, manganese, titanium, vanadium,
gallium, indium, bismuth, yttrium, cerium, lanthanum

10 and the other doping lanthanides, in the form of
oxides. |
2. Process according to Claim 1,
characterized in that the nitrile is chosen from
aliphatic, cycloaliphatic, heterocyclic or aromatic
15 mononitriles or dinitriles.
3. | Process according to either of Claims 1
and 2, characterized in that the nitrile is chosen from

the nitrile sﬁbstrates of formula (II):
NC-R~-CN (II)

20 in which R represents a linear or branched alkylene or
alkenylene group having from 1 to 12 carbon atoms or an
unsubstituted or substituted arylene or aralkylene or
aralkenylene group and preferably a linear or branched
alkylene radical having from 1 to 6 carbon atoms.

25 4.  Process according to one of Claims 1 to

3, characterized in that the divalent metals are nickel

This Sheet Has Been R
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speC|f|c surface of 150 nerr]/g... Conparative Test 3 5 Use of the

ggﬁ{)l ggmigu?g g?”“ﬂll“ﬂﬂ"ﬂinwmﬂatlon oCat ! yStAdN, are repeat ed under

the sane operating “cofiditiohs ¢ * and mg h the solvent nedium (1), while
t

using the netal 10 conpound (p) as catalyst. The
foll ow ng results bt ai ned: S % HVD :
81.3 o cBb8122 S HM 154,000 S
AMCPA 50 l®rocess accordin§ Nﬁtﬁgg of Claims 1 to 2500
S DCH 420 S BHT

15, 300 4, charaet@®AzeddnC¥fat at least 20 %°o%0%he atoms bF) ACA =
am nocaproam de; CVA = cyanoval eranmi de 20 Exanpl e 25 and Conparative

Test -4 Aghengivhlehe metallss! and préferatesahtONeas?CE008, are

A series of hydrogenations of ADNis carried out under the operating

condi ti ons5desdni bhe fkeduced sthtenples 13 to 22 with the nmedium (2) but
injecting 25 10 g of ADN over 1 h, on the one hand with the conpound
6. Procesgs according to one of Claims 1 to
5, characterized in that the divalent metals are
provided in the form of particles having sizes lying
between 1 and 20 nanometres and more specifically
10 between 3 and 5 nanometres.
7. Process according to one of Claims 1 to
6, characterized in that the doping metal/divalent
metal molar ratio is between 0.01 and 0.50 and
preferably between 0.05.and 0.30.
15 8. Process according to one.of Claims 1l to
7, characterized in that from 0 % to 50 %, in moles per
mole, of the divalent metals, nickel or cobalt, are
substituted by one or a number of other metals chosen
from zinc, copper, silver, gold, ruthenium, platinum
20 and palladium.
9. Process according to one of Claims 1 to
8, characterized in that from 0 % to 50 %, in moles per
mole, df the doping metal oxides are substituted by

aluminium oxide.
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28

(d)y~accordimg to the ihvention (Ni/Cr = 20) and, on the

ot her” hand, kel uysed in Conparative Test 1 (Ni/Cr
20) . VUI Il ﬂ' HWHHWetlon tlne Gl for each 5 hydrogenation is
measured, thatsisclQ Sa % yng whi ¢h absorption of hydrogen
continues, after the end of injectiofi“of the ADN.

second injection of 10 g of ADN is carrlsﬂz ~out over 1 h with each of
the two catalysts and the 10 conpletltwr%¥%ﬁ Ct2 is neasured. (
The follomnng results areqo0bta 'ﬁyﬁ 15 mn S
HVD = 99 % 1 bggg?f? foy iEk1T §°Eo°&ar Stfve Test 4:
al =17 nin (SchifhcteP$zéd%dn that it is carried out in tﬁEZ preSentb!

A rapid deactivation of the Raney catal yst is observed mhereas t he
catal yst of theofnxeceatalysttdhffen frod £08&8128bmpeihdikt ¥ontaining

29 CLAI V5 1. Process for

nitrile hydsogeoméion, a numberhafadiealeant matalbs}, choséncfiomefiereéli n t he

presence

10

15

20

25

and cobalt, at least partially in the reduced state,
bulked by a phaée comprising one or a number of doping
metals chosen from chromium, molybdenum, iron,'
manganese, titanium, wvanadium, gallium, indium,
bismuth, yttriuh, cerium, lanthanum and the other
trivalent lanthanides, in the form of oxides, the
'doping metal/divalent metal molar ratio being between
0.01 and 0.50.

2. Process according to Claim 1,
characterized in that the nitrile is chosen from
aliphatic, cycloaliphatic, heterocyclic or aromatic
mononitriles or dinitriles.

3. Process according to either of Claims 1
and 2, characterized in that the nitrile is chosen from

the nitrile substrates of formula (II):
NC-R-CN (II)

in which R represents a linear or branched alkylene or
alkenylene group having from 1 to 12 carbon atoms or an
unsubstituted or substituted arylene or aralkylene or

aralkenylene group and preferably a linear or branched
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of a .catal yst ch npounds cont ai ni ng 5 one or a nunber
of  di val ent netaT Hﬂ"ﬁi"mmni | ckel and cobalt, at least partially
|n t he reduced st by a phase conprising one or a nunber of
dopi ng nmetal s chosen from chrom um nol ybdenum iron, _
manganese, titanium vanadium gallium iﬁ%?unl Ilothbls(rjmth yttalugyrm(ﬁ
ceriu | ant hanu d the ot her trival ent |anthanides, in e fo
oxideg] t he Ekﬁgﬁ?ﬁgrﬁéfﬁ?}dpﬁﬁiﬁﬁtfﬁEFaF ﬁﬁlﬁrcFEP?B BEPMY - bet ween

0.01 d 0.50. rocess_ according to_ Claimil, 15
charagPerlzed in that the hltr?F3°?§scﬁﬁggﬁd+?8nF° ' otle aF.S%%fme 1 to

d | )
S O booas Slccorﬁ“?g ?)L%f og‘gﬁ‘écﬁ‘é ’_L“sgngiar”ﬁs 5 g@zﬁ?‘f&eﬁi :egeisn
Elh?; the nitrilgndsasPRb&it MIg anﬁl@ﬁg&#&fﬂ#? 1885€556" % RFRL R

represents.g |igoEhe rédedediceat&Y! ene or al kenyl ene group havi ng
from1l to 12 carbon atons or an unsubstituted or substituted aryl ene

or aralkylene or 25 . arg| kenpt&désa’ QsdoRding €56A8! ¢ acld1RE 1 %o
Pranched 4, characterized in that the divalent metals are
provided in the form of particles having sizes lying
between 1 and 20 nanometres and more specifically
10 between 3 and 5 ﬁanametres.
6. Process according to one of Claims 1 to
5, characterized in that the doping metal/divalent
metal molar ratio is between 0.05 and 0.30.
7. Process according to one of Claims 1 to
15 6, characterized in.that from 0 % to 50 %, in moles per
mole, of the divalent metals, nickel or cobalt, are
substituted by one or a number of other metals chosen
from zinc, copper, silver, gold, ruthenium, platinum:
and palladium.
20 8. Process according to one of Claims 1 to
7, characterized ih that from 0 % to 50 %, in moles per
mole, of the doping metal oxides are substituted by

aluminium oxide.
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30 . al kyl ene radical having from1l to 6 car bon at ons.
4. Process according to one of Clains 1 to 3, characterized in that

at least 20 % of the at ongt Ofrip oreantsATioR Féki MRLEA AL RIS, and preferably at
least 50 % are ' ' Process

5 I n t he redudegrmstiakieoffice 5.
accordi ng to one "GFRNEIUNASPLICATION PUBLISHED YNDER THE, PATRNT LOOPERATION; TREAHEE™ t he di val ent

metfTs.are ... provided I IMe Tofm o Dartlcles Maving Srzes Ty
bet WBh TR B "%&'ﬁéﬁ"éf’r’éﬁt‘%%ld more §p4 c‘ﬁpi Taternational publig jopaupers and%?)g" 10052

nanprret rk9%) 23700, 37/03, CO7C 209/48 6. Process |a@ddintkrnatjoraDpublieat®h diZkai N5 20 Maech 199;
5, 1 1 1 e 1 .
I's petween 0.05 and 0. 30. 7.  Process according to one of
Ol af () 1'"tegrati) applcatn et o PERIHP PV 1RE pRRER St b T é‘:r IS Egefk'
ol e (22bf IntevetichaV #il16wtdateet al s,12 Sépedaek 1996 [cobal 68, GRIrIE, IT, LU, MCSWOSHT] sa3f ed Dy
one| or a nunber of other metals cHo¥%W | s om zi nc, copper, silver,

gol {d(30r ulstvomiativg tpthatprionity: al | aéh UNith 6 International Search Kdport. Process

~and p
acclpr di ng®tb®ne of5 TPHMRE1%® {18-09-%) TR \characterized in that from0 %to
50 %7 in qpl es per” desi ten‘})s[tgc, of wse) dopi ng nmetal oxides are substituted by
or a esigna ates exce :
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(54) Title: NOVEL METALLIC COMPOUNDS USEFUL AS CATALYSTS
(54) Titre: NOUVEAUX COMPOSES METALLIQUES UTILISABLES COMME CATALYSEURS
(57) Abstract |

Novel metallic compounds, a method for the preparation thereof and their use as catalysts are described. When used as catalysts, the
metal compounds have an efficiency equivalent to that of Raney cobalt or nickel, and are more precisely compounds containing one or more
divalent metals, at least partially in a reduced state, textured by a phase comprising one or more dopant metals selected from chromium,
molybdenum, iron, manganese, titanium, vanadium, gallium, indium, bismuth, yttrium, cerium, ianthanum and other trivalent lanthanides,
in c;xid;lfor{r;i l'l‘hey can be used more particularly as hydrogenating catalysts, for hydrogenating various families of nitrogen compounds,
preferably nitriles. .

(57) Abrégé

. La présente invention conceme des nouveaux composés métalliques, un procédé de préparation de ces composés métalliques et leur
utilisation comme catalyseurs. Les composés métalliques posstdent, lorsqu’ils sont utilisés comme catalyseurs, une efficacité du méme
ordre que celle obtenue avec les nickel ou cobalt de Raney. Ces composés métailiques sont plus précisément des composés comportant
un ou plusieurs métaux divalents au moins en partic 2 1'état réduit, texturés par une phase comprenant un ou plusieurs métaux dopants
choisis parmi le chrome, le molybd2ne, le fer, le mangan2se, le titane, le vanadium, Ie gallium, I'indium, le bismuth, I’yttrium, le cérium,
le lantham_z et les autres lanthanides trivalents, sous forme d’oxydes. IIs peuvent plus spécifiquement servir de catalyseurs d’hydrogénation.
On peut ainsi les wtiliser pour I’hydrogénation de diverses familles de composés azotés parmi lesquelles les nitriles sont préférés.




