a 1 Continuous process for the hydrogenation of nitriles or nitro
compounds to am nes The present invention relates to a process 5 for the
nydrogenation of conpounds conprising nitrile or nitro functional groups to
anmne, amnonitrile or anmnonitro conpounds. It relates nore particularly
to a continuous process of hydrogenatiog. 10 Hydrogenation of dinitriles
to the corresponding diamnes is a process which has been used for a Iong
time, in particular the hydrogenation of adiponitrile to _ f
hexanet hyl enedi am n At er L0 _the preparation o
nylon-6,6. 1 S'LElHSQEQ R i j 8_ 0 -?f ;ﬁsglrf-;- in the
hydrogenation (al so sonetinegs; kp ' drogenation) of aliphatic
dinitriles to aninonitriIesrirﬂ§$§$¥§§%§§§lEéegﬁgagggenat!on of _
adiponitrile to 6-am nocapronitrile, resulting either 20 directly, or via
caprolactam in nylon-6. Thus, Patent US-A-S 151 543 discloses a process
for the selective hydragengianm ahighaldt (Adidd i1eS B-dds

ure of greater

corresponding aminonitriles, at 25-150C and under a pressur

than 25 atsrogpherthe preEYdehatibd ME RIAGRERIO Aol M8 At A 140l ar
excess of at least 2/1 with respect to the dinitrile, the solvent
conprising | icouind tamn@urd tdfor@l groups to amine, aminonitrile or

aminonitro compounds.

It relates more particularly to a continuous
process of hydrogenation.

10 Hydrogenation of dinitriles to the
corresponding diamines is a process which has been used
for a long time, in particular the hydrogenation of
adiponitrile to hexamethylenediamine, one of the base
materials in the preparation of nylon-6,6.

15 There has been an increasing interest in
recent years in the hydrogenation {(alsoc sometimes known
as semihydrogenation) of aliphatic dinitriles to
aminonitriles, in particular the hydrogenation of
adiponitrile to 6-aminocapronitrile, resulting either

20 directly, or via caprolactam, in nylon-6.

Thus, Patent US-a-5 151 543 discloses a
process for the selective hydrogenation of aliphatic
dinitriles to the corresponding aminonitriles, at
25-150°C and under a pressure of greater than

25 atmospheric pressure, in the presence of a solvent in a
molar excess of at least 2/1 with respect to the
dinitrile, the solvent comprising liquid ammonia or an

alcohel with 1 to 4 carbon atoms and an inorganic base



al cohol with 1 to 4 carbon atons and an inorganic base i 2 which is soluble
in the said alcohol, in the presence of a Raney catalyst, the amnonitrile
pbtained being recovered as nmin product. Patent WO A-93/16034 discl oses a
process for 5 the preparation of 6-am nocapronitrile by hydrogenation of
adi ponitrile in the presence of an inorg?nic base, of a transition netal
conplex, the transition netal being of Fow val ency and chosen from

chromi um tungsten, cobalt and iron, and of Raney nickel as 10 catal yst,

d hyd t. f.50C to 90C. Patent

U0 A 961 16600 1 Se1 Sec (ot uf HRTCh B Fafol "ot ohat EXBFRPERI 1 es 1o
' itril | . .15 d

opt i onal |y doed RSy cobal /oy e e bPe ER ¥ EhRa PREASC base

the starting JyedQoe0atd Oma IR HEUEOIPri sing water, amnonitrile and/or
diami ne which are capable of being formed and unconverted dinitrile. 20

ALl these hydrogenal | eV @eesaesa s 403N aldier ORI hrbLESBNEOA' €
presented as being able to be enployed continuously inan 1ndustri al

pl ant. Hovievethe trrehi @it Gl EE UM IndF [HOHS1 t LOTOAby DhGambsbnd pPyst ri al
operation, it is necessary 25 to be able to recycle the unconverted
reactant and df adiponitrile in the presence of an inorganic base,

of a transition metal complex, the transition metal

being of low valency and chosen from chromium,

tungsten, cobalt and iron, and of Raney nickel as

10 catalyst, under hydrogen pressure and at a temperature
of 50°C to 90°cC.

Patent WO-A-96/18603 discloses the
semihydrogenation of aliphatic dinitriles to
aminonitriles by hydrogen in the presence of a catalyst

15 Dbased on optionally doped Raney cobalt or nickel and of
a strong inorganic base, the starting hydrogenation
medium comprising water, aminonitrile and/or diamine
which are capable of being formed and unconverted
dinitrile.

20 All these hydrogenation processes result in
the aminonitrile and are presented as being able to be
employed continucusly in an industrial plant.

However, to obtain an economic process
compatible with industrial operation, it is necessary

25 to be able to recycle the unconverted reactant and to
consume as little catalyst as possible per kilogram of

compounds produced.



consune as little catal yst as possible per kilogramof conpounds produced.
3 A process has al ready been proposed, in French Patent 2 749 191, which
allows a portion of the hydrogenated products to be drawn off fromthe
Teaction mixture without withdraw ng catalyst, by carrying out 5
tangential filtration in the presence of_,gaseous hydrogen in order to
prevent the catal yst from bei ng deactiv%ted. However, that docunent does
not disclose a process that can also continuously regenerate the 10

catalyst in order to aly telyv..contd nyous gperation of the process.
It is one of the obj ectAs%ofot 5 g.lragsgrﬁ e%ﬁd V(Laf)neteino Oé)opsr%cg‘i dd* a

hydr ogenati o -Rirges (A0 Mo G| RHALS AAYRI o \%gﬁ{lied’x}e_l;%frl)%—g and

regeneration of 15 the catal yst. c¢h ‘a process a

to take placeyryedaltiedh pr@l@Ricttis ity NG Mk & fifhm Wi dréga[r}_tq:jgoql be

carried out on an industrial scale. For this purpose, the inv i"on

provides a GORiLAEOUS tRIRECHE thelr b draaendt i o, facqmpynds. 20
conprising nitrile or nitro functional groups™to amne or amnonitrile

conpounds 5i ntehgeptéadnda 1efrat ilbet anogeRrRe Pt dardogaNaidsabgat al yst in

divided form and of a basic compound, characterized in that it consists

in: 25 - feetliydgpgent dnaostenrr e peasiedit the catalyst from being
deactivated.

However, that document does not disclose a
process that can also continucusly regenerate the

10 catalyst in order to allow completely continuous
operation of the process.

It is one of the objects of the present
invention to provide a hydrogenation process allowing
continuous operation with recycling and regeneration of

15 the catalyst. Such a process allows the hydrogenation
to take place with a high selectivity and with a high
yvield and to be carried out on an industrial scale.

For this purpose, the invention provides a
continuous process for the hydrogenation of compounds

20 comprising nitrile or nitro functional groups to amine
or aminonitrile compounds in the presence of a
heterogeneous hydrogenation catalyst in divided form
and cof a basic compound, characterized in that it
consists in:

25 - feeding, into a stirred reactor:

a first stream, of reactant to be
hydrogenated,

a second stream, of catalyst,



a first stream of reactant to be hydrogenated, . a second stream of
catalyst, 4 . a third stream of basic conpound and . a fourth stream of
.hydrogen in order to mmintain the reactor under a pressure of hydrogen; 5
- withdrawing, fromthe reactor, at least a fifth stream consisting of the
reaction m xture and i ncl udi ng hydrogqububees di spersed in the said
m xture; - making this fifth streamcirculate in at |east one |oop, which
runs into the bottomand the top of the 10 reactor, and renoving, by heat

exchange wi th the said fif LSty eameshhe ieat, roduged bys the hydr ogenati on

reaction so as to maintain the reaction mxture at a- tenperature bel ow

150C, - withd i , f tehy i f : i ' ' f th
Wi thdrawi ng, from teliygthi Gilkeshs eam gxyd‘ti‘rrlbleg%h{yg% orud (@1e of the

| oops, a sixth streamcontaining a portion rogenat e separat ed

fromthe catalyst; andmaiwichR@r @Wengeal-toP LRRITEAC I fd p one of the
circulation | oops, a seventh stream of hydrogenate 20 which is fed into a

| i quid/solid separati ohyd@iregenand recovering the |liquid phase containing
the catal yst- free hydrogenate and the solid phase forned by the catalyst,
the said $olid phaseibbidmgwingat édoinn thederactorhe ategenerated iFefore being
recycled into the
stream consisting of the reaction mixture and including
hydrogen bubbles dispersed in the said mixture;
- making this fifth stream circulate in at least
one loop, which runs into the bottom and the top of the
10 reactor, and removing, by heat exchange with the said
fifth stream, the heat produced by the hydrogenation
reaction so as to maintain the reaction mixture at a
temperature below 150°C;
- withdrawing, from this fifth stream circulating
15 in one of the loops, a sixth stream containing a
portion of the hydrogenate separated from the catalyst;
and
- withdrawing, from the reactor or from one of the
circulation loops, a seventh stream, of hydrogenate
20 which is fed into a ligquid/solid separation step, and
recovering the liquid phase containing the catalyst-
free hydrogenate and the solid phase formed by the
catalyst, the said solid phase being treated in order
to be regenerated before being recycled into the
25 second, catalyst stream.
The process of the invention comprises the

circulation of the reaction mixture outside the

reactor, making it possible, on the one hand, for the




25 second, catalyst stream The process of the invention conprises the
circulation of the reaction m xture outside the reactor, naking it
possible, on the one hand, for the 5 heat generated by the reaction to be
removed in a controlled and sinple manner and, on the other hand, for the
hydrogenate to be withdrawn without distgrbing the catalyst concentration
in the reaction mxture and 5 without deactivating it. Finally, the process
of the invention allows the catalyst to be continuously replaced with a

m xture of fresh cRlldHed, HHRISNSIALAS 0 Ay Stendfies tA] M "hydr ogenat e”

refers in the present 10 text to the liquid phase of the reaction mxture
| eaving the reachr@/LleRishd WinQaen Mahred S eort e Midioganatgd conpounds

and the reactants that have not been converted, together with the sol vents
if they are foresert hylfrodeenid g e an Bdienn el a8 bidde

i nvention, a heat exchanger is present in one of the reaction m xture
circul ati on lthepsatWiestt kicidesatra tehorhdngerthd g aciesh innttherd oo
conprising the wthdrawal of the sixth, hydrogenate stream called for 20
the sake & elidhonr deedtivsttigia dud .atficallaop,thehipromeazhanyerhé s | ocat ed
downstream of the said point of wthdrawal of the sixth, hydrogenate
streamwi t h 1@esddon @lilipwsdithectdadmlofst [towhs adnt imewets Ion

replaced with a mixture of fresh catalyst and
regenerated catalyst.
The term “hydrogenate” refers in the present

10 text to the liquid phase of the reaction mixture
leaving the reactor. This hydrogenate comprises the
hydrogenated compounds and the reactants that have not
been converted, together with the solvents if they are
present.

15 According to an advantageous feature of the
invention, a heat exchanger is present in one of the
reaction mixture circulation loops. When this heat
exchanger is placed in the loop comprising the
withdrawal of the sixth, hydrogenate stream, called for

20 the sake of clarity the first circulation loop, this
exchanger is located downstream of the said point of
withdrawal of the sixth, hydrogenate stream with
respect to the direction of flow of the reaction
mixture. This heat exchange makes it possible to remove:

25 the heat generated by the hydrogenation reaction and to
maintain the reaction mixture at a defined temperature.
Such a temperature control is important as it allows

the desired selectivity to be obtained, especially in




'm xture. This heat exchange nakes it possible to renove 25 the heat
generated by the hydrogenation reaction and to maintain the reaction
mxture at a defined tenmperature. Such a tenperature control is inportant
as it allows the desired selectivity to be obtained, especially in 6 the
case of partial hydrogenation of dinitrijes to amnonitriles. This
operation of controlling the tenperature or renoving the heat may be
carried out, in a second 5 nethod of inplenmenting the process of the

i nventi on, thepbéﬁé”Sf?pﬁ?@ia?XHQ?PSSEnEEianﬁgﬁoagPﬁﬁﬁﬁﬁggntgiXture

circulation |oop, in which second | oop an elg ream of tThe said
reaction m xidigomi thdiawn fromthe bottomof the reactor and recycled
after cooling into 10 the said reactor, flows. In this method of

i npl enentation, the fiTBischperheibAnckoepntagdyanhggenustyngdaes pek i ncl ude
a heat exchanger, thus neking it possible to reduce the overall residence

time of theoresehdoingi xharkeatt Raghbei e84k ae808utPORnandsdsohAUS |imiting
catal yst deactivation. This is because the catalyst contained in a mxture
cont ai ni Ny methe¢@ ofohppledsniing théoprbydssgefi chacenteation,rapi dly
beconmes deactivated. Since the hydrogenation reaction continues in the
circul ati on Pbaping he heat ogreshenoar 20n cancentndt react aphdinyxtdeceeases. An
advantage of the _process of the invention is that it allows a very short
reaction m xEtFEUERFERM at PR t iewihchheetor@sloandan eighth

stream, of the said reaction mixture withdrawn from the
bottom of the reactor and recycled after cooling into

10 the said reactor, flows. In this method of
implementation, the first circulation loop
advantageously does not include a heat exchanger, thus
making it possible to reduce the overall residence time
of the reaction mixture in each circulation loop and

15 thus limiting catalyst deactivation. This is because
the catalyst contained in a mixture containing nitrile
compounds with a low hydrogen concentration rapidly
becomes deactivated. Since the hydrogenation reaction
continues in the c¢irculation loop, the hydrogenation

20 concentration rapidly decreases. An advantage of the
process of the invention is that it allows a very short
reaction mixture circulation time in the loops, and
therefore makes it possible to minimize the residence
time of the catalyst and to maintain, in all the

25 reaction mixture circulation loops, a three-phase
mixture comprising the catalyst in solid form, the
hydrogenate in liquid form and dispersed hydrogen

bubbles.



‘therefore nmakes it possible to mnimze the residence tine of the catalyst
and to maintain, in all the 25 reaction m xture circul ation |oops, a
three-phase mxture conprising the catalyst in solid form the
hydrogenate in liquid formand di spersed hydrogen bubbles. 7 The
hydrogenate is w thdrawn, according to 4the process of the invention, in
the first reaction mxture circulation |oop. This withdrawal is carried
out through a filter nediumin order in this way to 5 naintain all the

catalyst in the circulpid o desgdnofe & i Rarden! i bbes- AU, it s

possible to use any type of material resistant to the pressure of the

reaction m>ing erddeddient eimer v tomdi 1h opse apghr§© rag¥e £hgM cal
attack. 10 In a preferred nmethod of inplenentation, and for allowi ng a

Wi t hdraval witstoiste i aior@ets thigod Moo esTiteaoe thdEawsl the ¢gagteqn mxture
in the circulation loop, this withdrawal is advantageously carried out
wi t h tangentawt -thypeadh |4 riailtoer mdd Adwy aint agedens| in thes fwvdfyetonedi umi s
formed by a porous nedium placed tangentially to the direction of flow of
the fifth stmadarhadin talel fihstcatialyd atimntieopi r Al aekempteaoftidangent i a
filtration suitable for the invention is that disclosed in French Patent
20 No. 2 74Qirgmrens Asorfodsarediedism t abl el§ apossidblaventwom, any
type of material resistant to the pressure of the
reaction mixture, to the temperature conditions and to
any chemical attack.
10 In a preferred method of implementation, and
for allowing a withdrawal without increasing the
residence time of the reaction mixture in the
circulation loop, this withdrawal is advantageously
carried out with tangential-type filtration.
15 Advantageously, the filter medium is formed by a porous
medium placed tangentially to the direction of flow of
the fifth stream in the first circulation loop. An
example of tangential filtration suitable for the
invention is that disclosed in French Patent
20 No. 2 749 191.
As porous medlia suitable for the invention,
mention may be made of metal frit media, carbon media
or media consisting of an inorganic or organic membrane
placed over a flat or tubular support. The said

25 membrane, called the active layer, has a thickness of a

few microns, for example between 5 pum and 100 um.



mention may be nmade of metal frit nedia, carbon nedia or nmedia consisting
of an inorganic or organic nenbrane placed over a flat or tubular support.
.The said 25 nenbrane, called the active layer, has a thickness of a few

m crons, for exanple between 5 -4m and 100 ~un. 8 Metal nedia, which have
better chem cal and heat resistance, arg preferred. As an exanple, these
nmedi a are made, for exanple, of stainless steel. Mreover, these porous
media may be easily 5 maintained and cl eaned. Thus, it is possible to

regenerate the filter pRAUMALIY, 3HARH YAy PHd AL O chd§a DY pshi ng
with various solutions, such as water, acids or bases. Prefera , the

renmoval of hydize0eRatie thhdeePrase Mre fiaraBd. 14 th 1%y &0li@ms of the flow
of reaction mxture circulating in the first |oop. Advantageously, to

prevent the aaiddlaysirel mamdieifigd eMampilred dM did Bliedd), sdualr ogenat e stream
the porous nmedium has pores of between 1 nanonetre and 15 10 mcrons in
di ameter. Accordi ng toMoraoefear,r ethefsmatotreuse sppeliiainay ben ddrei loase of
partial hydrogenation of conpounds to amnonitrile or am nonitro products,
the filtr&i oringeemeids acal cilednsdt. iThushe ipr dse e saifbley draogen in gas 20
form the reaction m xture being saturated with dissolved hydrogen. This
gaseous hydr sggienexa teadentfddders mediowe Shitem eheads ummsiodiaher sed in
use, by washing with various solutions, such as water,
acids or bases.
Preferably, the removal of hydrogenate
represents from 0.1% to 10% by volume of the flow of
reaction mixture circulating in the first loop.
Advantageously, to prevent the catalyst from
being entrained in the sixth, hydrogenate stream, the
porous medium has pores of between 1 nanometre and
10 microns in diameter.
According to a preferred feature, especially
in the case of partial hydrogenation of compounds to
aminonitrile or aminonitro products, the filtraticn
step is carried out in the presence of hydrogen in gas
form, the reaction mixture being saturated with
dissolved hydrogen. This gaseous hydrogen may
advantageously come from the gas bubbles dispersed in
the reaction mixture by the stirring present in the
reactor. It is also possible to provide a hydrogen feed
in the circulation loops in order to maintain the
presence of hydrogen in gas form in all the loops.

The process 0of the invention therefore makes

it possible to withdraw the hydrogenate representing




the reaction m xture by the stirring present in the reactor. It is also
possible to provide a hydrogen feed 25 in the circulation |oops in order to
maintain the presence of hydrogen in gas formin all the |oops. The
process of the invention therefore nakes it possible to wthdraw the
hydrogenate representing 9 the productiog of the process w thout extracting
the catalyst fromthe reaction m xture and above all under conditions
that prevent deactivation of the catalyst. This aspect is especially

i npor t ant  whethd Ners@action &f Nkké UsLoEOHE ANEhEQHPEMPESCWiHY Bhbrile or
nitro functional groups that have not yet been hydrogenated. According to

one ot her featatral st tiweom nlentieactidhe PIVCEES SOAPAHSEE alst gpdber

wi thdrawing a portion of the catalyst in order to allowit to be 10
treated, so asonditeonegamer gheelvdef cdeadtivati@cyst ethei tatlbyst.

hydr ogenati on process. Thus, a portion of the reaction mxture is

conti nuousl y Bripasneitals yesmedial ywni meort tent fwivem otke of edbeioract i on
m xture circulation |loops or directly by withdrawal fromthe 15 reactor,
in order td MHHAUESSATHIGRG rEROUAS wiidyant tr Sie eamntonpri si ng
hydrogenate and catalyst, is treated in a solid/liquid separation step.

Any i qui d/ SOMSE ity S59HPDrideas hawg DRt usel, baer hhydrogenatedi on,

centrifuging or settling. The catal yst thus 20 separated is advantageously
washed wi th wat er, prégﬁ?ﬁﬁfyn%lﬁiﬂﬂq%'Qﬁhﬁ% ferleire st abt@geously with a

invention, the process comprises a step for withdrawing
a portion of the catalyst in order to allow it to be

10 treated, so as to be regenerated before it is recycled
in the hydrogenation process. Thus, a portion of the
reaction mixture is continuously or periodically
withdrawn, either from one of the reaction mixture
circulation loops or directly by withdrawal from the

15 reactor, in order to form a seventh stream. This
seventh stream, comprising hydrogenate and catalyst, is
treated in a solid/liquid separation step. Any
liguid/solid separation process may be used, such as
filtration, centrifuging or settling. The catalyst thus

20 separated is advantageously washed with water,
preferably slightly basic water (advantageously with a
pPH of greater than 9), in order to recover the
hydrogenate. The washing water is thus advantageously
added to the separated liquid phase. This mixture also

25 represents a production of hydrogenate and may be added
to the sixth stream recovered in the tangential

filtration step.



pH of greater than 9), in order to recover the hydrogenate. The washi ng
wat er is thus advantageously added to the separated |liquid phase. This
mxture also 25 represents a production of hydrogenate and nmay be added to
the sixth streamrecovered in the tangential filtration step. 10 The

hydr ogenate may be used as such in other,, synthesis processes or may be
purified, for exanple by distillation. Thus, the various products
contained in the hydrogenate may be separated by distillation in 5 several

col ums connected in Seesy j | J |y
Qe Sy dHRRy Al IR WRIL G %@%’213{ ALY

subjected to a regeneration'treatnent before being rec

second, cat alysithedstieaprior@sisriso drheray BRCERIT1 FAQAhe Satalami1d Soy .
regener at ed usi ng known processes, especially by the process described in

Pat ent Appl i ddtsitdn 1BRi2n773h86. tHee yardeRss premicis cftdiedase of a
Raney type catalyst, either in treating the catalyst wth a basic solution
in order to the tiyssobenadt meysibesarmpanfatidde kgl Wiisnatld axQmpounds fornmed or
i n hydrogenating the catalyst in basic nedium In general, the

r egener at bonspreradseoluomsr coaneg beds Himgestieys.in order to renove the
conpounds that have built up on the catalyst and optionally a 20 reduction
step, for exanpl e usi ndhkygrsgens tAS sostierged salbdvan tagewmtlat yst may be

subjected to a regeneration treatment before being
recycled into the second, catalyst stream fed into the
reactor.

10 The catalyst is regenerated using known
processes, especially by the process described in
Patent Application FR 2 773 086. The process consists,
in the case of a Raney type catalyst, either in
treating the catalyst with a basic solution in order to

15 dissolve at least some of the aluminate compounds
formed or in hydrogenating the catalyst in basic
medium. In general, the regeneration processes comprise
a washing step in order to remove the compounds that
have built up on the catalyst and optionally a

20 reduction step, for example using hydrogen.

As indicated above, the catalyst may be
recovered either from one of the reaction mixture
circulation loops or by direct withdrawal from the
reactor.

25 The process of the invention therefore makes
it possible simultaneously to recover the hydrogenate
and to recycle the regenerated catalyst without

disturbing the operation of the reactor and without



recovered either fromone of the reaction mxture <circulation |oops or by
direct wwthdrawal fromthe reactor. 25 The process of the invention
therefore makes it possible sinultaneously to recover the hydrogenate and
to recycle the regenerated catal yst without disturbing the operation of the
reactor and wi thout 11 inducing or generq}ing rapi d deactivation of the
catal yst present in the reaction nixturéi The process of the invention
applies to the conplete or partial hydrogenati on of compounds 5 conprising

nitrile or nitih{d?lcfilﬂbctcirmbﬁé;ld&%ao&i% iéoahaidagpéé %l‘ggr)%lg%rggcgéigﬁéarl y to a

process for e partla gen or sem I on of conpounds

conpri sing nNidddd1§, 4 A rid %ﬂé%&ﬂa&d} g%%? This process is

advant ageously uséd for 10 hydrogenating a e to aminocapronitrile

and hexanet hyl enedi ampi phitr-eid waﬁ{@mﬁﬁéd@idfﬁyaﬂ&i@sedtotlﬁne
manuf acture c-caprolactamor in a polynerization process for the

manuf act ur e @onlletamote partiie INiHydd G RHIGINASE Stk gor the 15
i nvention are especially aliphatic dinitrile conpounds. The aliphatic

dinitril es whicoiprdanirhe nismilleyed imi tidve faraoeismalf ghwupdwvend i on are t hus
nmore particularly the dinitriles of general formula (1): NC-RCN (I)
applies more particularly to a process for the partial
hydrogenation or semihydrogenation of compounds
comprising nitrile or polynitrile functional groups.
This process is advantageously used for
10 hydrogenating adiponitrile to aminocapronitrile and
hexamethylenediamine. The aminocapronitrile may be used
to manufacture g-caprolactam or in a polymerization
process for the manufacture of polyamides.
The nitrile compounds suitable for the
15 invention are especially aliphatic dinitrile compounds.
The aliphatic dinitriles which can be
employed in the process of the invention are thus more
particularly the dinitriles of general formula (I}:
NC-R-CN (1)
20 in which R represents a linear or branched alkylene or
alkenylene group having from 1 to 12 carbon atoms.
In the process of the invention, use is
preferably made of dinitriles of formula (I) in which R
represents a linear or branched alkylene radical having
25 from 2 to 6 carbon atoms.
Mention may in particular be made, as
examples of such dinitriles, of adiponitrile, methyl-

glutaronitrile, ethylsuccinonitrile, malononitrile,



20 in which R represents a linear or branched al kyl ene or al kenyl ene group
having from1l to 12 carbon atons. In the process of the invention, use is
preferably made of dinitriles of formula (1) in which R represents a

| i near or branched al kyl ene radical having 25 from2 to 6 carbon atons.
Mention may in particular be made, as gxanples of such dinitriles, of

adi ponitrile, nmethyl- glutaronitrile, ethylsuccinonitrile, malononitrile,
12 succinonitrile, glutaronitrile and their mxtures, in particularly

m xtures of %ﬁio%a@ﬂohriitlﬁ1%1,d/g%t%fro_ﬂ%91>1'e9'a%@rﬁféitf i Scandor of

et hyl succinonitrile which'can originate fromthe sanme process for the 5

synthesi s of pagiR@MN b1 mikk uRHAC I & ikR 1Gase IMEIE JF £ CH2) 4 will be
the nost frequent as this corresponds to the use of adiponitrile (ADN) in

the present peedeigludecenditid 1o 0@ cRat ednlshadaiageous 10 met hod
of inplenenting the present invention, the conpounds to be hydrogenated

are aromati cwhdkhoaacs orderipiEitel fgoai theasaren@rmiddges fAgictdanal group.
Preferably, the said conpounds have at least two nitro functional groups
and at | east symeh€8i€lof BSipoafieraldley C8-C o, aromatic unit, which may or
may not be substituted with one nore saturated or unsaturated, |Iinear,
cyclic or branched Cl-Croorgdrtdcsr béiner gdiscamherand® or ik ) orwhbi ebaiydr oxyl

radi cal s. _
the most frequent as this corresponds tc the use of

adiponitrile (ADN) in the present process.
According to one particularly advantageous

10 method of implementing the present invention, the
compounds to be hydrogenated are aromatic compounds
comprising at least one nitre functional group.

Preferably, the said compounds have at least
two nitro functional groups and at least one Cg-Cig,

15 preferably Cg-Cip, aromatic unit, which may or may not
be substituted with one more saturated or unsaturated,
linear, cyclic or branched C;-C;y hydrocarbon radicals
and/or one or more hydroxyl radicals.

More specifically, the aforementioned

20 hydrocarbon radicals, possibly substituting the said
aromatic units, may be chosen from C;-Cjyy, preferably
C1-Cs, alkyl, aryl, alkylaryl and arylalkyl radicals.

As aromatic unit, mention may especially be
made of benzene and naphthalene rings, which may or may

25 not be substituted with one or more methyl, ethyl,
propyl, butvl, pentyl or hexyl radicals and/or isomers

thereof.




More specifically, the aforenentioned 20 hydrocarbon radicals, possibly
substituting the said aromatic units, may be chosen from Cl-C10,
preferably C1-C6, alkyl, aryl, alkylaryl and arylal kyl radicals. As
aromatic unit, nmention nmay especially be made of benzene and napht hal ene
rings, which may or may 25 not be substituted with one or nore nethyl,
ethyl, propyl, butyl, pentyl or hexyl &&'cals and/or isoners thereof. 13
The process according to the i nvention may be |nplenented usi ng at | east

one conpound from nonay qﬂﬁﬁp ngﬁ s{ uene di.ni trotol uene,

par ani trocunene and orthonltrop en§1 i he’ case %ﬂ ?QEB dP gﬁ%tlon of
dinitrile compadstdd s Q% Noly nlxture

det erm ned accordlng to the eS|re egree conver5|on and the deS|red

degree of sehwidn\iltthbeH@et%r{cﬁﬁ@ﬂc%lrﬂéﬂéf Qiavans @%ﬁ?&%{-ﬁéy 10

conprises an anount of water |ess than or equal to 20% referably, the

wat er cont enparanietrereihehed Y briomitdforesract to all of the liquid
constituents of the m xture. However, thls process may be carried out in

15 the ab$ence of watern mmg|daddubﬂﬂmm£m@@r@géﬁatrﬁh|d£ﬂd£hfﬁﬁﬂ¥éa or of
al i phatic al cohols. In general, the hydrogenation process is carried out
in the presegospoundssolthenmearhicompmeyi tion of the reaction mixture

is determined according to the desired degree of

conversion and the desired degree of selectivity.

Thus, the reaction mixture advantageously

10 comprises an amount of water less than or equal to 20%.
Preferably, the water content is between 1.5% and 7%
with respect to all of the liquid constituents of the
mixture.

However, this process may be carried out in

15 the absence of water, but in the presence either of
ligquid ammonia or of aliphatic alcohols.

In general, the hydrogenation process is
carried out in the presence of a solvent, which may
correspond to one of the products obtained by

20 hydrogenation. Thus, in the case of the hydrogenation
of adiponitrile, the solvent is advantageously
hexamethylenediamine.

The catalysts used in this semihydrogenation
process can be a Raney nickel or a Raney cobalt

25 comprising, in addition to the nickel or the cobalt and
the residual amounts of the metal removed from the
starting alloy during the preparation of the catalyst,

that is to say generally aluminium, one or more other




‘correspond to one of the products obtained by 20 hydrogenation. Thus, in
the case of the hydrogenation of adiponitrile, the solvent is

‘advant ageously hexanet hyl enedi ami ne. The catal ysts used in this

sem hydrogenati on process can be a Raney nickel or a Raney cobalt 25
conprising, in addition to the nickel of,the cobalt and the residual
anounts of the netal renoved fromthe s%arting all oy during the
preparation of the catalyst, that is to say generally alum nium one or

more ot her .1éls}nsxfr%§t,Snggheﬂngmﬁ%aaoseﬂeetSsugﬂcasas,fowex%@m e

chromum titanium no enum copper, tungsten, iron, zinc, rhodium or

iridium Amopgr-bhesk, depaghsumshhel BRenGRPPebpphirt, aRiukes tiehon 4 rdaedi um
iridiumand 5 their mxtures are regarded as tﬁe nost advant ageous. These

dopant s usuakkyct ephe@etin, obyivedgln. Wakhbngespeek dbpahlte,wei ght of nickel
or of cobalt, fromO0%to 15% and preferably from0%to 10% Use may al so
advant ageoustyrbaitndecopparlOttanalyst based ehoduumeniwhddumomnchodi um
deposited on a support. This catalyst can also conprise netal dopants

i ncl uded Bn theiki sixhenesoaed FegathedRaseyhenwbalts advias tageonts .of

catal yst enployed can vary very 15 widely depending in particular on the
nature of th@heaeatippants uhvalducriepmesenti t bynyedbsewi tBy respestt

i ndi cation, use may be made of 0.5%to 20% by wei ght of
to the weight of nickel or of cobalt, from 0% to 15%

and preferably from 0% to 10%.
Use may also advantageously be made cof a
10 catalyst based on ruthenium or on rhodium deposited on
a support. This catalyst can also comprise metal
dopants included in the list mentioned for the Raney
metals.
The amount of catalyst employed can vary very
15 widely depending in particular on the nature of the
catalyst or the reaction conditions chosen. By way of
indication, use may be made of 0.5% to 20% by weight of
catalyst with respect to the total weight of the
reaction mixture, and generally of 1% to 12% by weight.
20 The second catalyst stream comprising the
regenerated catalyst and the fresh catalyst is
advantageously conditioned before being introduced intc
the hydrogenation reactor. This conditioning is
especially described in French Patent 2 806 081. This
25 process consists in adding the catalyst to a solvent
and then adding to this mixture the amount of base
needed to condition the catalyst. The solvent is chosen

to be a poor solvent for the basic compound, thus




‘catalyst with respect to the total weight of the reaction m xture, and
generally of 1%to 12% by weight. 20 The second catal yst stream conpri sing
the regenerated catalyst and the fresh catalyst is advantageously
conditioned before being introduced into the hydrogenation reactor. This
conditioning is especially described ifggFrench Patent 2 806 081. This 25
process consists in adding the catalyst to a solvent and then adding to
this mxture the anount of base needed to condition the catalyst. The

solvent is chag8hg i@ PRs®iPRer tOlfMent for dhdaghphasits, G M Htdord hus 15
making it possible to fix, for exanple by adsorption, nolecules of basic

conpounds, geBgkallyssbfobasticnebipouddes gedreridla s Wifragry afirddieaicat al yst.
The strong m neral bases suitable for the 5 invention are alkali netal or
al kal i ne- ear basest, albn thdr exirdese fodr tdveampltalhis®H, NaOH, KOH, RbOH, CsOH,
t et raal kyl ammoni um hydr oxi des, such as tetraethyl- anmoni um or

t et r anet hyl ammoni um hy@hexisde ongnehimerialr dssashenddfabli) fie thalr ogenati on
process of the invention is__generally carried out at a reaction

t enper at ube anvieasdon: pae @l keddametgll 5rCalkedisveasiarthegrettzdan or equal

to 120C and even ngpre preferably |l ess than or _equal to_ 100C 15
Speci fi cal | yhyegicgidespeforurgar®lfefwdsh NaoH, KOH, RbOH, CsOH,

tetraalkylammonium hydroxides, such as tetraethyl-
ammonium or tetramethylammonium hydroxide, and mixtures
thereof.

10 The hydrogenation process of the invention is
generally carried out at a reaction temperature of less
than or equal to 150°C, preferably less than or equal
to 120°C and even more preferably less than or egual to
100°cC.

15 Specifically, this temperature is between
ambient temperature (approximately 20°C} and 100°C.

Prior to, simultaneously with or subsequent
to the heating, the reaction chamber is brought to the
appropriate hydrogen pressure, that is to say, in

20 practice, between 1 bar (0.10 MPa) and 100 bar (10 MPa)
and preferably between 5 bar (0.5 MPa) and 50 bar
(5 MPa).

The other conditions which govern the
hydrogenation process in accordance with the invention

25 relate to conventional technical arrangements known per
se.

Furthermore, these conditions can be modified

in order to modify the degree of conversion of the




anbi ent tenperature (approxi mately 20C) and 100C. Prior to, simultaneously
with or subsequent to the heating, the reaction chanber is brought to the
appropriate hydrogen pressure, that is to say, in 20 practice, between 1
bar (0.10 MPa) and 100 bar (10 MPa) and preferably between 5 bar (0.5 MPa)
and 50 bar (5 MPa). The other conditions i ch govern the hydrogenation
process in accordance with the invention 25 relate to conventi onal
techni cal arrangenents known per se. Furthernore, these conditions can be

Todi f1ed | n cager o1 oo0b (o Lien de9aeEa0hs SOTYE! S120,EL LDEsAR dnitriTe to

di am nes according to I VIt antnonPtrile is

desired or CO@@E@@@&V1t§0ﬂ@%eéﬁiﬂdﬁi@ﬁfﬁéti%nd8£1£38 BnLbhibesers desired

According to another preferred feature of t 5 1 nvention

medi um for neddtE] St O hdeofaneyionedal the @Iﬁi@fﬁﬁéé{ Y8t gbs; #0g al um ni um
concentration in the Raney netal is preferably between 2 and 6% A |ow

al um ni um content in theceat@l ygttd Samseher ablerépredt raRkEsei bepeRai ble to
vary the selectivity of the 10 reaction and to reduce the phenonenon of

clogging i% iresrporaus tiesi hi quitd aneld hgn t oanns hetafedhyr enhef rahey
I nvention, the amount of strong base added in the step for conditioning
the catal yst netdetiearafdraply amgter. The aluminium concentration

in the Raney metal is preferably between 2 and 6%. A

low aluminium content in the catalyst is preferable as

it makes it possible to vary the selectivity of the

10 reaction and to reduce the phenomenon of clogging in

the porous media.

According to another feature of the
invention, the amount of strong base added in the step
for conditioning the catalyst is between 0.1 mol and

15 50 mol per kg of catalyst. The optimum amount of base
is determined for each catalyst.

According to a preferred method of
implementing the invention, the strong base is added in
the conditioning step in the form of a concentrated

20 solution or in pure form.

Moreover, the amount of solvent added depends
on the degree of solubility of the water in this
solvent and on the desired level of concentration in
the phase containing the strong base. Advantageously,

25 the ratio by weight of the solvent to the water will be
at least equal to 1, preferably greater than or equal

to 2.



15 50 nol per kg of catalyst. The opti num amount of base is determ ned for
each catal yst. According to a preferred nethod of inplenenting the
dinvention, the strong base is added in the conditioning step in the form
of a concentrated 20 solution or in pure form Moreover, the amunt of

sol vent added depends on the degree of;golubility of the water in this

sol vent and on the desired |l evel of concentration in the phase containing
the strong base. Advantageously, 25 the ratio by weight of the solvent to

the water will be at Agastqaefigatot €nd, 1HG§E€E@H'YtﬁéeébQthﬁa”sor equal
to 2. 17 According to the invention, the solvent is chosen from conpounds

whi ch have agh@ééhnEtym &§ﬂb@ﬁnﬁstwhla‘:§rhgxarraheafmhmtwter or the liquid
for preserving the Raney netal and which, on the contrary, 5 have no

affinity (lowssdhbbiityy) fort bxéhiplsel rebgh whberabrbase. 1Ygatid Soreant by
insolubility of the strong base in the solvent, or nore specifically in
the I|iquid phesertongethéyRéheysnétveht anddwhhehwabar the thetrptreservati on
liquid, is alowsolubility for the base, 10 for exanple | ess than 1% by
vei ght. |h ahpvefeoraffieibwd(bowi splebshitny wheh theestirong the sol vent

I s advant ageously an am ne, referably an am ne corresponding to that
obt ai ned by Mimeradeagenatia %%a@?@@g byr ipsglibidikenPd thet he

strong base in the solvent, or more specifically in the

liquid phase formed by the solvent and the water or the

preservation liquid, is a low solubility for the base,
10 for example less than 1% by weight.

In a preferred method of implementing the
invention, the solvent is advantagecusly an amine,
preferably an amine corresponding to that obtained by
the hydrogenation reaction, or liquid ammonia if the

15 hydrogenation were carried out in a liguid ammonium
medium. This is because, advantageously, the choice of
solvent must allow further products to not be
introduced into the hydrogenation mixture and therefore
allow separation processes and possibly recycling

20 processes to be carried out easily and inexpensively,
and therefore with little penalty for the process as
regards the technical and economic standpoint.

An additional amount of basic compound may be
added to the reaction mixture in the form of a separate

25 stream or as a mixture with the water stream or solvent

stream. This additional amount of base is intended to

saturate the reaction mixture with basic compounds in




15 hydrogenation were carried out in a liquid ammonium nedium This is
because, advantageously, the choice of solvent nust allow further products
to not be introduced into the hydrogenation m xture and therefore allow
separation processes and possibly recycling 20 processes to be carried out
easily and inexpensively, and thereforggwith little penalty for the
process as regards the technical and econom c standpoint. An additional
anount of basic conpound nay be added to the reaction mxture in the form

of a separat @rdd¥ $otea® hadyed theXicRind U 1R VKo SIHERMB P IR0 vent
stream This additional anmbunt of base is intended to saturate the

reacti on m xtat@lwsth basi ¢ conmpounds in 18 order not to change the anount
of base deposited on the catalyst. Further details and advantages of the
invention will becone motrehelreadelyidgpanentadvanitages |dfghtheof the detail ed
description of a nethod of inplenmenting the invention, given solely by way
of illustratnensandnwiniilr beecarcecre ceaappereedfarguries then which: -
Figure 1 shows a schematic diagramof the 10 process of the invention; and
- Figure 2 showdtaodchbendetadiagr deserithdonsolfi & medliafl sxpar ati on
device. The process of the_ invention is carried out in a hydrogenation
reactor 1 whiFRlEREn&dsy &hstipventaon, given solely by way of

illustration and with reference to the appended figures
in which:

- Figure 1 shows a schematic diagram of the

10 process of the invention; and

- Figure 2 shows a schematic diagram of the
solid/liquid separation device.

The process of the invention is carried out
in a hydrogenation reactor 1 which includes a stirrer 2

15 for keeping the solid in suspension in the reaction
mixture and to disperse the gas (hydrogen) forming the
overhead of the reactor in the form of bubbles. The
stirrer may, for example, be a self-suction stirrer of
the cavitator type, of the Rushton type or of the

20 multiblade type, the blades advantageously being
inclined.

This stirring makes it possible to obtain a
three-phase mixture comprising a solid phase consisting
of the catalyst, a liguid phase consisting mainly of

25 the various organic compounds to be hydrogenated or
that have been hydrogenated, and a gas phase consisting

0of the hydrecgen bubbles dispersed in the reaction

mixture.




T T ...
15 for keeping the solid in suspension in the reaction mxture and to
di sperse the gas (hydrogen) formng the overhead of the reactor in the
formof bubbles. The stirrer may, for exanple, be a self-suction stirrer
of the cavitator type, of the Rushton type or of the 20 multi bl ade type,
t he bl ades advant ageously being inclinefl9 This stirring makes it possible
to obtain a three-phase m xture conprisihg a solid phase consisting of
the catalyst, a liquid phase consisting mainly of 25 the various organic

conpounds to be hydrogesgt efegt colNakyNaKe1 REEN NYALRIENALETsgand a gas

phase consisting of the hydrogen bubbdl I spersed In the reaction

mxture. 19 Theckeecter 8BN:iHELudg ahQOHQ}n][Sef@l;hﬁg bl 2GkShof Qr negptrol 11 ng
the tenperature by using a heat- transfer fluid. The tTeactor 1 Includes a

first line 3 tpénsbBefecting.the reactant to be hydrogenated, formng the
first stream In the exanple illustrated, this reactant is adiponitrile,
advant ageousl y di ssol veThé nreasobveht inslafleasahéxaset byhenadiEami ne. |t
i ncludes a second line 4 for feeding basic conpounds, advantageously in 10
aqueous sob ut feadiforphagreaetant r tdo shbe chyir bgenekadpl Eormingqtubeus
pot assi um hydroxi de solution. In the nethod of inplenentation illustrated,
t he hydrogenatiost i steeami et otliei exameler bttnsbratedn this reactant
is adiponitrile, advantageously dissolved in a solvent
such as hexamethylenediamine. It includes a second line
4 for feeding basic compounds, advantageously in
10 aquecus solution, forming the third stream, for example
an agueous potassium hydroxide solution.
In the method of implementation illustrated,
the hydrogenation is carried out in the presence of an
amount of water of between 1.5% and 7% by weight of the
15 1liquid mass of the reaction mixture, this water
advantageously being fed in the form of solvent for the
basic compounds. However, the process of the invention
may be carried out in the absence of water and in the
presence of other solvents, such as ammonia and
20 aliphatic alcohols, such as methanol, ethanol or
propancl. In the latter case, the basic compounds are
added in the form of alcoholic solutions.
The reactor 1 also includes a line 5 for
feeding hydrogen gas, constituting the fourth stream
25 and forming the reactor overhead.

The catalyst is introduced into the reactor

via the line 6 in the form of a suspension in a solvent



T T .S
anount of water of between 1.5% and 7% by wei ght of the 15 Iiquid mass of
the reaction mxture, this water advantageously being fed in the form of
solvent for the basic conpounds. However, the process of the invention
may be carried out in the absence of water and in the presence of other
sol vents, such as ammoni a and 20 aliphatyg al cohols, such as nethanol,
et hanol or propanol. In the latter case, the basic conpounds are added in
the formof alcoholic solutions. The reactor 1 also includes a line 5 for

feeding hydrogeapgagd cANa! bbbl Peohig! eahkhy StERRIN $23580d:6ar M ng the
react or overhead. The catalyst Is introduced into the reactor via the line

6 in the fornFeima SHSPEBSHAA tPraamOl vent 20 prepared in a conditioning
tank 7. This suspension forns the second stream In the nethod of

i npl ementation illustratedthethiésheat afysipsuapatatooni s10058-ARdahY _
introducing, 5 into the tank 7, a solvent such as hexanet hyl enedi am ne via
the Iine 8 anthisecaezygtedsospahystn aétebthdnedgbybéanrogticonsgl |y
regenerated, via the line 9. The fresh catalyst and a solution of basic
conpounds, 5f o¥nexabipd etank Aquactslpentssiuam agdnexadetbylanedhamane al so
10 introduced via the line 10. According to the invention, the reaction
mxture is wivhireh® binend dodtoheorecrieledacabrlysyi aafheri having which
forms a first circulation ]oop, and is ) _
been optionally regenerated, via the line 9. The fresh
catalyst and a solution of basic compounds, for example
an aqueous potassium hydroxide solution, are also
10 introduced via the line 10.
According to the invention, the reaction
mixture is withdrawn at the bottom of the reactor 1 via
a line 11, which forms a first circulation loop, and is
fed back into the top of the reactor 1. This
15 circulation loop includes a pump 12 compatible for
circulating a three-phase mixture. The reaction mixture
is fed into a tangential filter 13 shown schematically.
In this filter 13, a portion of the liquid phase is
filtered through the porous medium, formed by a metal
20 mesh made of steel with a pore diameter of less than
10 microns, and withdrawn via the line 14.
In the method of implementation illustrated,
the loop 11 also includes a heat exchanger 15 placed
after the tangential filter 13, allowing the reaction
25 mixture to be cooled to a defined temperature in order

to maintain the temperature in the reactor within the

abovementioned desired range.



T
fed back into the top of the reactor 1. This 15 circulation | oop includes a
punp 12 conpatible for <circulating a three-phase m xture. The reaction
m xture is fed into a tangential filter 13 shown schematically. In this
filter 13, a portion of the liquid phase is filtered through the porous
nedium fornmed by a metal 20 nesh made of,steel with a pore diameter of
| ess than 10 mcrons, and w thdrawn via %he line 14. In the nethod of
i npl ementation illustrated, the loop 11 also includes a heat exchanger 15

placed after the tangenti ghefbbietnlds ghéoy%%gﬁgpe%gegﬁ%kgn.gSanixture to
|

be cooled to a defined tenperature in order I'n %enperature in

the reactor V\éé@éﬂdtxﬁﬁth&ig&)l&ﬂeﬂéiQﬂeghgeﬁééégiéﬁ][‘ﬂ?xt%}e'?‘t fBPﬁiﬁgt %Om of
X .

the reactor 1, there is a second withdrawal 16 of the reaction ur e,

formng a sesenen@i¢LiitalaOloh0DPopA ROHELONAT o hEhEeABEEERNORNM Xt U e
circulating in this loop 16 is taken off via 5 the line 17 and fed into a

solid/liquid sepatat i ohrcabytteg 18n This beepnus ci & cuhRbh08EEOQRPaMaYy al so
i nclude a punp 12 and a heat exchanger 15. One particul ar enbodi nent of the
devi ce 18 bs thé¢|lsne at'edand fFeduirtd.a 1foThdsl tevi deséBahasian upper
portion 19 conprising a |lower portion 20 of conical shape. The end of the
cone 20 is exdenterl by. dTpipesedond chetilatbss leeptinay, alsowhich is
placed a neahﬁngfhéé”a}%ﬁﬁgr]2t£§a a heat exchanger 15.
One particular embodiment of the device 18 is
illustrated in Figure 2.
10 This device 18 has an upper portion 19
comprising a lower portion 20 of conical shape. The end
of the cone 20 is extended by a pipe 21 of small cross
section, in which is placed a means 22 for keeping the
solid that builds up in the said pipe moving. This
15 means 22 is, for example, a feed screw driven in
movement by the shaft 23 and a motor (not illustrated).
The pipe 21 at its lower end has a valve 24 for
withdrawing the solid present. A line 25 runs into the
pipe 21, advantageously at its lower portion, in order
20 to feed in slightly basic water for washing the
catalyst present in the said pipe 21. The reaction
mixture withdrawn via the line 17 is fed into the upper
portion 19 of the device 18 via a valve (not
illustrated) or into an intermediate tank used as a
25 1lock (also not illustrated) and the supernatant licuid
phase is withdrawn via a line 26, either as production

of the hydrogenation process or in order to be mixed

with the hydrogenate withdrawn via the line 14 through



'solid that builds up in the said pipe noving. This 15 neans 22 is, for
exanple, a feed screw driven in novenent by the shaft 23 and a notor (not
dllustrated). The pipe 21 at its lower end has a valve 24 for wthdraw ng
the solid present. Aline 25 runs into the pipe 21, advantageously at its
| ower portion, in order 20 to feed in sldghtly basic water for washing the
catal yst present in the said pipe 21. The reaction mxture w thdrawn via
the line 17 is fed into the upper portion 19 of the device 18 via a val ve

(not illustrafedited D, athd MOFIEs Ao LA Wses A5 dubet 0 (al so not
illustrated) and the supernatant liquid phase is wthdrawn via a |ine 26,

ei ther as pramictdidchafgime dher@genatdntmy obest e i fedttibont o be m xed
wi th the hydrogenate withdrawn via the Iine 14 through 22 the filter 13.
The devi ce almsiktiura udes an outlet 29 for discharging the gases com ng
fromthe reaction mxture. This enbodi mrent descri bed above is given 5
merely by way of indi cdthion. enddidiméntydelcnibel sapevationgtieemces nmay be
enpl oyed wi thout departing fromthe scope of the invention. In the

enmbodi nent5 i Imerslatied wvasheokandiyeatiorcdvdiesd biquihd/ setidt of the pipe
21 via the valve 24 10 is recycled via the line 9 into the catalyst

condi ti oni ng SSRACAL I MY\ARH ERRDUIRAY PR PYed Wi theik (deR¥EE IR0 the tank

7, the catalyst is regenerate ) X
from the scope of the invention.

In the embodiment illustrated, the catalyst
recovered at the outlet of the pipe 21 via the valve 24
10 is recycled via the line 9 into the catalyst
conditioning tank 7. Advantageously, before it is
introduced into the tank 7, the catalyst is regenerated
in a unit illustrated schematically at 27. This unit
may comprise a reactor for treating the catalyst with
15 hydrogen in basic medium. This unit may also include a
washer for washing the catalyst, for example with a
basic solution.
The line 9 advantageously includes a tap-off
28 for removing a portion of the spent catalyst.
20 The plant described above has been given
merely as an illustration. Thus, the arrangement of the
heat exchanger, the catalyst withdrawal and the number

of reaction mixture circulation loops may be different

without departing from the scope of the invention.




inawunit illustrated schematically at 27. This unit may conprise a
reactor for treating the catalyst with 15 hydrogen in basic nedium This
unit may also include a washer for washing the catal yst, for exanple with
a basic solution. The |ine 9 advantageously includes a tap-off 28 for
renoving a portion of the spent catal yst,,20 The plant descri bed above has
been given nerely as an illustration. Thus, the arrangenent of the heat
exchanger, the catal yst withdrawal and the nunber of reaction m xture
circulation | oops may be different w departing fromthe scope of the
I nvention. 23 CLAIMS 1. Conti nuous pro&ﬂggk or the hydrogenation of
conpounds conprising nitrile or nitro functional 5 groups to am ne or
amnonitrile conpounds in the presence of a heterogeneous hydrogenation

catalyst in divided foim andoatiaubasi preesreurdrchacaslarbgedanont hat it
consists in: - feeding, into a stirred reactor: 10 . a first stream of

reactant to bef bhygmpoyedatedmprassagondtsileasy af teat @uyustioaathird
stream of basic conpound and a fourth stream of hydrogen in order to 15
mai ntai n the greeprsrtangdmwine presminendfrihgdecogpounds in the

presence of a heterogeneous hydrogenation catalyst in

divided form and of a basic compound characterized in

that it consists in:

- feeding, into a stirred reactor:

10 . a first stream, of reactant to be

hydrogenated,
a second stream, of catalyst,
a third stream, of basic compound and
a fourth stream, of hydrogen in order to

15 maintain the reactor under a pressure of

hydrogen;

- withdrawing, from the reactor, at least a fifth
stream consisting of the reaction mixture and including
hydrogen bubbles dispersed in the said mixture;

20 - making this fifth stream circulate in at least
one loop, which runs into the bottom and the top of the
reactor, and removing, by heat exchange with the said
fifth stream, the heat produced by the hydrogenation
reaction so as to maintain the reaction mixture at a

25 temperature below 150°C;

- withdrawing, from this fifth stream circulating

in one of the loops, a sixth stream containing a



- withdrawi ng, fromthe reactor, at least a fifth streamconsisting of the
reaction mxture and including hydrogen bubbles dispersed in the said
mxture; 20 - making this fifth streamcirculate in at |east one |oop,
which runs into the bottomand the top of the reactor, and renoving, by
heat exchange with the said fifth stream the heat produced by the

hydr ogenation reaction so as to naintain the reaction mxture at a 25
tenperature bel ow 150C, - withdrawing, fromthis fifth streamcirculating
in one of theodradps of dihd hystrce@mnatentsaipairnag el X quordie rcadfa Iy ;
hydrogenate separated fromthe catal yst; and - withdrawing, fromthe
reactor or frowkh one of the circulation |oops, a seventh stream of
hydrogenate 5 which is fed into a liquid/solid separation step, and
recovering the |i quiwdthidarsericgnt &nomdgheha agattaly sir frase dngirafgditze e and
the solid phase fornmed by the catalyst, the said solid phase being treated
in order toB&cudgéioratledrisel 6r SPEME re&gipabd dhtywdnpeerdtscond,

catal yst stream _2. Process according to Claiml, characterized in that

the heat i°s MeitVedShfed REAC e cBitelS Piist SERIFASIFeFhB 13 sai d

1 rcul at on FEGEVE5NEh Earid T RREACFORTH 5 AL dRE 4RSI 10 Of ai m 1

or 2, free hydrogenate and the solid phase formed by the
catalyst, the said solid phase being treated in order
to be regenerated before being recycled into the

10 second, catalyst stream.

2. Process according to Claim 1,
characterized in that the heat is removed by a heat
exchanger placed dbwnstream of the said withdrawal of
the sixth stream of hydrogenated compounds in the

15 circulation lcop for the said fifth stream.

3. Process according to Claim 1 or 2,
characterized in that an eighth stream of the reaction
mixture is withdrawn from the reactor and circulated in
a second loop before being recycled into the reactor,

20 the heat being removed by a heat exchanger placed in
the said circulation loop for the eighth stream.

4. Process according to one of the
preceding c¢laims, characterized in that the sixth
stream is withdrawn through a filter medium.

25 5. Process according to Claim 4,
characterized in that the filter medium is a porous

medium placed tangentially to the direction of the

fifth stream circulating in the loop.




characterized in that an eighth streamof the reaction mxture is
withdrawn fromthe reactor and circulated in a second | oop before being
recycled into the reactor, 20 the heat being renmoved by a heat exchanger
placed in the said circulation loop for the eighth stream 4. 25 Process
according to one of the preceding claingscharacterized in that the sixth
streamis withdrawn through a filter medium 5. Process according to Claim
4, characterized in that the filter nmediumis a porous nedium placed
tangentially to the diréecti @radeddeaacdofdingtteamaimculeting in the | oop.
25 6. Process according to Claim4 or 5, characterized in that the porous
medi um i s nmadshaofactetiated 7in Pricoe sshagooralisignédi Wh ai sn dade &f 5
characterized in that the filter medi umconprises a nenbrane placed on a
support. 8. MeduElss according to one of the preceding clains, characterized
in that the reaction mxture includes a solvent. 10 9. Process according
to one of the precedinty cl HEACeThaeRIEFined fClabm 4 her reaction

m xture includes water, ampnia or an al cohol . ) )
5 characterized in that the filter medium comprises a

membrane placed on a support.

8. Process according to one of the
preceding claims, characterized in that the reaction
mixture includes a solvent.

10 9. Process according to one of the
preceding claims, characterized in that the reaction
mixture includes water, ammonia or an alcohol.

10. Process according to Claim 9,
characterized in that the reaction mixture comprises

15 from 1.5% to 7% by weight of water with respect to the
liquid mass of the reaction mixture.

11. Process according to one of Claims 1 to
10, characterized in that the ligquid/solid separation
carried out on the seventh stream is a settling,

20 filtering or centrifuging step.

12. Process according to Claim 11,
characterized in that the ligquid/soliid separation is
carried out in a device comprising an upper portion
having a bottom in the form of a cone, and a pipe of

25 small cross section extending from the end of the cone,
a means for moving the solid being placed in the pipe
of small cross section, the reaction mixture being fed

into the said upper portion, the licquid phase separated



10. Process according to Cdaim9, characterized in that the reaction

m xture conprises 15 from1l.5%to 7% by weight of water with respect to
the liquid mass of the reaction m xture. 11. Process according to one of
Clainms 1 to 10, characterized in that the liquid/solid separation carried
out on the seventh streamis a settling, 20 filtering or centrifuging step.
12. Process according to CQaim11l, characterized in that the liquid/solid
separation is carried out in a device conprising an upper portion having

a bottomin theohOf e 0foBi@OPEing@NWi 8hataRnoErdh SHBI kagHOSHpeect i on
extending fromthe end of the cone, a neans for noving the solid being

pl aced in thepgipeonpfasdathecsossladctbdd bbéngeaetboBreXifeba Beeng fed
into the said upper portion, the |iquid phase separated 26 fromthe solid
bei ng wi t hdr demt fomnof heheapiipepper smpdit coossandcthensett!| ed solid being
recovered fromthe bottomof the pipe of small cross section. 13. Process
according to daim 12, b3chaPrnetesszadcondihat teaCeaimslRnt roduced into the
pipe of small cross section. 14. Process according to one of the

precedi ng ¢l sfracherheedrinethah vaberthe sotrddphadeintecther pdpes
subjected to a_catal yst regeneration step. 10 15. Process according to
Caimil4, cHt®02tt 2e6°F% $8aE19Re regenerated catalyst is fed

14. Process according to one of the
preceding claims, characterized in that the solid phase
recovered is subjected to a catalyst regeneration step.

10 15. Process according to Claim 14,
characterized in that the regenerated catalyst is fed
into the second, catalyst stream.

16. Process according to one of the
preceding claims, characterized in that the second,

15 catalyst stream consists of a mixture comprising the
catalyst, a basic compound and optiocnally a solvent in
which the basic compound is insoluble, the basic
compound/catalyst ratio being between 0.1 mol and
50 mol of basic compounds per 1 kg of catalvst.

20 17. Process according to Claim 16,
characterized in that the catalyst in the second,
catalyst stream is a mixture of fresh catalyst and
regenerated catalyst.

18. Process according to one of the

25 preceding claims, characterized in that the catalyst is
a Raney nickel or a Raney cobalt comprising between 2%
and 6% by weight of aluminium and optionally a dopant

chosen from the metals in the group: chromium,



‘into the second, catalyst stream 16. Process according to one of the
preceding clainms, characterized in that the second, 15 catalyst stream
consists of a mxture conprising the catal yst, a basic conpound and
optionally a solvent in which the basic conpound is insoluble, the basic
conpound/ catal yst ratio being between 02% nol and 50 nol of basic conpounds
per 1 kg of catalyst. 20 17. Process according to Caim 16, characterized
in that the catalyst in the second, catalyst streamis a m xture of fresh
catal yst andticegeoss anedybdealyst cobperlr eeesstaecondidyg t:aene of the 25
precedi ng clains, characterized in that the catalyst is a Raney nickel or
a Raney cobakhodonpr asidngrhétiwmen 2% and 6% by wei ght of al umi ni um and
optionally a dopant chosen fromthe nmetals in the group: chromum 27
titanium nol ybdenum @&8ppeProresgsternoridiay, toi nwae ofhddieum and iridium
19. Process according to one of the preceding clains, characterized in

t hat the pol PEPERELBY Slasmpoumbaracierpssit dinl ¢hat the polynitrile

5 compound is adiponitrile.




