; €3eLX6T nR WD 03/062188 1 PCT/ FR03/ 00161 Conti nuous met hod for
hydrrogenation of nitrites or nitrated conpounds to give ] pr esent
~invention relates to a process 5 for the hydrogenation HQMMQQBWNmﬁW
conprising nitrite or nitro functional groups to am ne, e or
am nonitro conpounds. It relates nore particularly to a cont¥Hffous process
of hydrogena‘%o& OJGQIWdrogenati on of dinitriles to thepé&g%k%p@ i,ng
diam nes is a proceSsS which has been uséd for a long tinme, in particular

t he hydrogenation of adiponitrile to hexanethyl enedi am ne, one of the base
materials in the preparation of nylon-6,6. 15 There has been an increasing

interest in re?@éﬁtyﬁ%ésIrﬂeémdhﬁ/&f@ea_l_@g%&féﬁ%ﬁqme&fi% kfrown as
sem hydr ogenat i Oof alifphatic dinitrites to amnonitrites, in particular
t he hydrogenation of adinpemistild eoch@olndei ReCapkenkiinke, resulting either
20 directly, or via caprolactam 1n nylon-6. Thus, Patent US-A-5 151 543
di scl oses a process for the selective hydrogenation of aliphatic dinitriles
to the corresponding am nonitriles, at 25-150C and under a pressure of
greater than 25 atnosphbei prpsessuiryennioherplasencecod preoésent in a
nol ar excess of at least 2/1 with respect to the dinitrile, the sol vent
conpri si ng | Equi dhanhwdragenathon of apmphendwi ¢eMAri$idg caipohlat oms and
an inorganic base which is soluble in the said alcohol, in the presence of
a Raney cat aPystitrfefunrhbsanati gEOWBE af PedbRf ngPREeeNet el asChai n

product. 5 Patent WO A-93/ 16034 di scl oses a process for
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 (also 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 atm;spheric 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

TR VAR
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the preparation of 6-am nocapronitrile by hydrogenation of adiponitrile in
t he 'presence of an inorganic base, of a transition netal conplex, the

. transiti.on nmetal being of |ow val ency and chosen from chrom um 10
tungsten, cobalt and iron, and of Raney nickel as catal yst, under hydrogen
pressure and at a tenperature of 50C to - 90C. Patent WO A-96/18603 discl oses
the sem hydrogenation of aliphatic dinitriles to 15 amnonitriles by
hydrogen in the presence of a catal yst based on optionally doped Raney

cobalt or ni glebrandy9tnd1StoondchpepaddtonRagta b ababkhe Bydeogenat ion

medi um conprising water, amnonitrile and/or diam ne are capabl e of
bei ng forned,andnuagonwenbed 28 dhai khikea18dhoihess Bydrpgesahtan
processes result in the amnonitrile and are presented as being able to be
enpl oyed conbiftndornahyyi BagaliyBdystheahmphafl triHoweybtaihedobeahg an
econom ¢ process 25 conpatible with industrial operation, it is necessary
to be abl e t werecpekd tbemannopvertied.reactant and to consune as little
catal yst as possible per kilogram of conpounds produced. 3 A process has
al ready béen proposed, PateRteWORAPaBéht0247d9s¢ddseshachrabkeasiarporti on
of the hydrogenated products to be drawn off fromthe reaction mxture

Wi t hout wi t hdhawbrgreaeaipst ofbf-eaippragrent teilangEnhyrogenat-aéfon in

t he presence of gaseous hydrogen_in order to prevent the catal yst from
bei ng deact i P&t ?Pﬂﬁﬁéﬁéﬁ? fRath8oPURERTCB0RE ABt 1BPEERBAE R2PRocess that
can al so continuouslg tegenerate t he 19 catagést in order to ahlow
conpl et el y cOft PnbEARSIHEPHt MER2dT CPRRLFFocE8E. FFRNFLLORB BFtRhe objects of
t he present 'nventi%n to Qrgvide a gydhogena%ion RLOgESS al | owi ng
continuous ofSrES 8 WFh VREEIEYi AGadCrEehEPRt FORCBFTS the catal yst.

such a proress allaps Lhg.AYdnagensbhonhg bekgaRkgchi WMbh ggl ectivity and
with a high ylglg

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

15 aminonitriles by hydrogen in the presence of a catalyst
based 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

20 dinitrile.

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

However, to obtain an economic process

25 compatible with industrial operation, it is necessary
to be able to recycle the unconverted reactant and to
consume as little caﬁalyst as possible per kilogram of

compounds produced.



and to be carried out on an industrial scale. For this purpose, the

i nvention provides a continuous process for the hydrogenati on of conpounds
.20 conprising nitrile or nitro functional groups to amine or amnonitrile
conpounds in the presence of a heterogeneous hydrogenation catalyst in

di vided form and of a basic conpound, c@aracterized inthat it consists in:
25 - feeding, into a stirred reactor: . "a first stream of reactant to be
hydrogenated, . a second stream of catalyst, 4 . athird stream of
basi ¢ conmpound and . a,f t d n_J r mai ntai n the
reactor under a pressu%eggéaﬁigr%ggz%lgg?géﬁ%ggﬁaakﬁgggggbnéﬁhe reactor, at
least a fifth,ghrgapheansi styAg b1t hgnieACL 0581 Xt Y8 884 LActkdi ng

hydr ogen bubbl es di spersed in the said m xture; - making this fifth stream
circul ate i nhglirbgashteaepkeaict¥htehpeuasawnt 8ftherbat e aggdcthent op of
the 10 reactor, and renoving, by heat exchange with the said fifth stream
t he heat progugedrbywhibRotiydwhgragawongr eachl 98t SObaScaprybhgt et t he
reaction mxture at a tenperature bel ow 150C, - withdrawing, fromthis
fifth streamcangenkabiingilbranioneinf thheptkeospaceaosi ghhestiseam cont ai ni ng
a portion of the hydrogenate separated fromthe catal yst; and -

Wi t hdr awi ng, hi-doogeheinearfier bp Prewenhetbé caeatystufanoinoheinops, a
seventh stream of hydrogenate 20 which is fed into a liquid/solid
separ ati on sf@epctaratedecovering the liquid phase containing the

catal ystfree hydrogenate and the solid phase fornmed by _the_catal yst, the
sai d solid phase bei ngFEPVE¥EEd FR2br deFUrERhedrefener ate8cheF8ra bei ng

led into_the 25 d, tal yst st Th f the i ti
compr i ses t hE*GFPERI APRONCER EAECr ERRFFBHORT A uf EIGUPSRHE ERE reactor,

maki ng it -possible,. on_the.one _hand, for th h nerated by the
reactionapo %ét?gK%SeaniHIQGEOH r%??g &R pgﬁﬁﬁiﬁ ﬁéﬁﬁgﬁu§ﬁg, on the ot her

hand, for ?hgpQ¥QE28ﬁn8Eet£8 Bgoggggqramm wi t hout disturbing the catalyst
concentration’in the reaction mxture and

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 selectivity and with a high yield
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 of 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,



5 wi thout deactivating it. Finally, the process of the invention allows
the,” catalyst to be continuously replaced with a m xture of fresh catal yst
~and regenerated catal yst. The term "hydrogenate" refers in the present 10
text to the liquid phase of the reaction mxture |eaving the reactor. This
hydr ogenat e conpri ses the hydrogenated conpounds and the reactants that
have not been converted, together with ﬁhe solvents if they are present. 15
According to an advantageous feature of the invention, a heat exchanger is

present in one of the (e%chggdng{&ggﬁ cb%c#ﬁgalogﬁégggﬁﬁ g?gn this heat

exchanger is placed in’t risin t he si xth,
hydrogenate stream call dfEBE&%OsEQ%aﬁak%fO%yﬁkébbhy hherhkEstocircul ation

| oop, this exchanger is located downstreéam o e sal poi nt o mnthdramal
of the sixth, hydrogenghenshieammy thakespechdke kherdkkaeti ep of flow of
the reaction mxture. This heat exchange nakes it possible to renove 25 the
heat generated by the hydroegenati on reaction and to maintain the reaction
m xture at a defined tenperature. Such a tenperature control is inportant
as it all ®ws the desiitedraeliacti frboy thebeeabtarnedr éspsci al fEyfih 6 the
case of partial hydrogenation of dinitriles to amnonitriles. This
operation of stantamldonsg sthect edpehet weactrionemswtuyget hadhéarlpdynbe
carried out, in a second 5 nethod of inplenenting the process of the
i nvention, be@k@@Emgb@bhé@S disherged in &heccond mezEUIrén nixture
C|rculat|on | oop, in which second | oop an eighth stream of the said
reaction mixture mnﬂﬁéﬁ@@htbﬂénﬁﬂﬁéhbéﬁﬁﬁﬁﬂoF1Fﬁélﬁ§§cﬂ6raén&eﬁééycled
after cooling into 10 the said reactor, I n tg s. met

0

i npl enent at i 6%e ﬁﬁ@*ﬁlﬁ@ﬂcéleﬁﬁaPPGH FBGp%8&§8Wt35 GQFytSBeggnBPelnclude
heat l e t th al d

i e of CCIHe. PERSHB AR §PEO Peac R cIPa STCON Pao Shd 18 ERAE T I mit i ng
t al t d t t t

contal ni g nii s Sbesin e R Bt Bﬁln‘*%on yasbe ??g%b?ag.g} g

becones deacti@l&dn INCE tt*aen!amrt@%n%'eo&ea%@%homgu&bna%sal n the
circulation |Ioop, the hydrogenation 20 concentration rapidly decreases. An

advant age of dh@d¥=0c8%s Hfidhasiorrention is that it allows a very short
reaction mxturée circulation tine in the |oops, and therefore nakes it

possi bl e to m ni Mmzeith@&resindendeci mhief flilfehcatalepst cardullatimontai n, in
all the 25 reaction mxture circulation | oops, a three-phase m xture

conpri si righ t hen catealofstehien Iswipisd feosixthhe thpdrogenaeeniingl bqui d form and
di spersed hydrogen bubbl es. 7 The hydrogenate is w thdrawn, according to
t he process afonttien wlerticomydneasmati separesed dxom her asplystat i on

| oop. This withdrawal is carried out through a filter nediumin order in
this way to B%fhintain all the catalyst in the circulation reaction

-~ withdrawing, from the reactor or from one of the

circulation loops, a seventh stream, of hydrogenate

20 which is fed into a liquid/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



m xture. As filter medium it is possible to use any type of materi al
resistant to the pressure of the reaction mxture, to the tenperature
~conditions and to any chemcal attack. 10 In a preferred method of
i npl enentation, and for allow ng a withdrawal w thout increasing the
residence time of the reaction mxture in the circulation [oop, this
w t hdrawal is advantageously carried out- wwth tangential-type filtration.
15 Advant ageously, the filter mediumis formed by a porous nedi um pl aced

tangent ial | yra! bRndirbect 89 ghel @YcRhohNEol LE! PefblBAMi LNt N Ti TSt

circulation [oop. "An exanpl e”of tangentia |tration suitable for the

i nvention isdhatodheel @9ed sibpheerainBat gRk, 28nNene2o¥A8r18andAs porous
nmedi a suitable for the invention, nmention nay be nmade of netal frit nedia,

carbon nedi a fof WBd aycRBIeskited tof banyiBangathCwethetganistuepbhgne pl aced
over a flat or tubular support. The said 25 nmenbrane, called the active

| ayer, has athhai elnedysef cantewtiaéions inhnthki ekaessonf mixexaspbadbet ween 5
um and 100 um 8 Metal nedia, which have better chem cal and heat

resi stance;, ariehouef cleeetivasiag exanpliealiffeseheediracese médehef or

exanpl e, of stainless steel. Mreover, these porous nedia nmay be easily 5
mai nt ai ned adavenddoad alliows, thy: catpdysitbre g@ cegenaratelhe filter
medi um after a certain period of use, by washing with various solutions,
such as wat errerd@icgsl o thade §ixpugee PAbIEYeSPhEaFBAYFEI 28F hydr ogenate 10
represents fromO0. 1% to 10% hy volunme of the flow of reaction m xture
circul ati ng neIeREeTRtEs qaﬁiﬁysﬂdvantageously, to prevent the catalyst from

being entrained in the sixth, hx%& genate st,ream_ the _porous medi um has
pores of between 1 nangﬁﬁiFnghd % f@eﬁﬁgﬁon§eghrﬁléﬁe?é?.pﬁggspglng to a
preferre%ife%kﬂ&?tc@%ﬂ%?h%bh&d 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



in the case of partial hydrogenation of conpounds to am nonitrile or

am nonitro products, the filtration step is carried out in the presence . of
. hydrogen.in gas 20 form the reaction m xture being saturated with

di ssol ved hydrogen. This gaseous hydrogen may advant ageously conme fromthe
gas bubbl es dispersed in the reaction mxture by the stirring present in
the reactor. It is also possible to provide a hydrogen feed 25 in the
circulation loops in order to maintain the presence of hydrogen in gas form
(noall the |0ABScadleoPr90pess Ol ntafosONEL AN NELRIOF e 8BKES 11 pOSSI bl @
to withdraw the ﬁy rogenate representing t%e production of the process
W t hout extrggthpgitheigatalyst fromthe reaction m xture and above all
under conditions that prevent deactivation of the catalyst. This aspect is
especi al l'y inportant WhgDst Bgef&8Ebh 00f ScOhitdl Big§NtRE NSeBOSPALRLS W t h
nitrile or nitro functional groups that have not yet been hydrogenated.
Accor di ng topceneembhiehgf EAEUReadf mbfebenuentied, oihe prosesscondpri ses a
step for withdrawing a portion of the catalyst in order to allowit to be
10 treated, methsdtofbémptgrartahgdtbefprecessisfrebgcirdenpione by

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

cont i nuous| ypdacpegi adheat| gxghahdeawh @i s@epnd rverohionfMiKeu¥eacti on

m xture circul ation | oops or directly by withdrawal fromthe 15 reactor, in
order to formiacsesEheR $PPRaninTHRECEeFRAPAAsEPRRNRR cBRPRIRI ng hydrogenat e
and catalyst, is treated in a solid/|liquid, separation_step._An

|'i qui d/ sol i dS§EB&Fat PEntpRoEREE ﬁﬁ?cﬁéoﬂs@6¥tgﬁﬁhWhEh@F?Wgaf¥%%,the

trifugi ttlLing. Th tal yst_thus.2 ted. i dvant I
washed wt h RBEEDN B cP8PabrgCErT Rty BaNEoRat Erot atvat S8CHUEDy W ih o
H of t han. ' d ; te. Th hi
et or Ps PhakaoRatLeansPy ahublst ot fhERE Mo DNAAPE T O hace. Thi s

m xture al so; : a,.product.ion; e and may be added to
The o xth o o n b P a0b 8 "Crep.” 10 The

hydrogenat e HB%aH%aEé@Qsﬁ?_éHEB hBrOtHeTu8¥NLhBELE PLEREREES, OFLURY be
purified, for exanple by distillation. Thus, the various products contained

in the hydrogerahg #eypbsssppar abedebycdi shil bakiaDli Aebigeneeatigel ums
connected in series. The catal yst recovered is advantageously subjected to
a regenerati eff theatrsentibaf mietheendgnreeybl etfirculatibe 3ecpnandcat al yst
streamfed into the reactor
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 circulation 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..



10 The catal yst is regenerated using known processes, especially by the
process described in Patent Application FR 2 773 086. The process consi sts,
_in the case of a Raney type catalyst, either in treating the catalyst with
a basic solution in order to 15 dissolve at |east sone of the alum nate
conpounds formed or in hydrogenating the catalyst in basic nmedium In
general, the regeneration processes conprise a washing step in order to
renove the conpounds that have built up on the catal yst and optionally a 20

reduction step, for exa Iﬁygﬁégg?gggrQgeQiFﬁ?ﬁgQgicg&ggrgpﬂgetothe

catal yst may be recovered eit romone o e reaction mXture

circulation keappreeely direpk WhiBAtawal fhoenkhe;F8aCEERct28nThe process
of the invention therefore nakes it possible sinultaneously to recover the

hydrogenat e andtheer e¢yehieathenr egeper ehed watnbliyakaWi tBodhrdisdurbing the
operation of the reactor and w thout 11 inducing or generating rapid

deactivati onoot theotghabystlpeessatiium theordaet inonthixtwae. tdhe process
of the invention applies to the conplete or partial hydrogenation of
conpounds 55 cardptiinnglii thel eabelystr onf ohet conahlgtoapsreatctappl i es nore
particularly to a process for the partial hydrogenation or

sem hydr ogenatixspref Asnpodhes wmedpumsi A§ ABt PPEElbiepbPyWBer #N¥ functi onal
groups. This process is advantageously used for 10 hydrogenating

adiponitriIetN@eaﬁin@ééﬁFéﬁﬂtF?ﬁéS§ﬁ§¥héQaﬁ€?h9F§ﬁ§HF8nP eth®he

am nocapronitrile may bhe used to nanufacture E-caprolactamor in a

pol yneri zat | 5826E4CBsBLEENTEne tRRANEECHPETBEUREI FARFYELONTFhENH| FPi 1 e
conpounds suitable for the %5 anention are especially aliphatic dinitrile
compounds. TR&YaFPSRACRE BERPEF 1 es which can be

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 media 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 in thickness, for example between 5 um and

100 pm.



enpl oyed in the process of the invention are thus nore particularly the
dinitriles of general formula (1): NGRCN (I) 20 in which Rrepresents a
_linear or branched al kyl ene or al kenyl ene group having from1 to 12 carbon
atons. In the process of the invention, use is preferably nade of
dinitriles of formula (1) in which Rrepfesents a linear or branched

al kyl ene radical having 25 from2 to 6 carbon atons. Mention may in
particul ar be nade, as exanples of such dinitriles, of adiponitrile, nethyl

glutaronitrile, ethylSuegianORiddilal, € whTRHORERE! Helt@er chémibagi BARAItrile,
glutaronitrile and their mxtures, in particularly m xtures of adiponitrile

and/ or of netfautglrdsaeRinde,| @rangdher el hilss decieRambtiel, | @nhwliech can
originate fromthe sane process for the 5 synthesis of adiponitrile. In

practice, thencease ameenadd, = foeHS4npillel, be heimosksl segeant as this
corresponds to the use of adiponitrile (ADN) in the present process.

Accordi ng to one parti cudlraocveradriueisag eousut0 meetihodagf benpbed@pt i ng t he
present invention, the conpounds to be hydrogenated are aromati c conpounds
conpri si ng amaiedstinede amidt cd amect.i Ghals, giacups Poskébdkl yo t he said
conpounds have at least two nitro functional groups and at |east one
06- Cl4, 15 prrsiasnsFiareCehg & 1lieanmedd uimied texhifc K ermgp ior PRy oot

use, by washing with various solutions, such as water,

acids or bases.

Preferably, the removal of hydrogenate

10 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

15 10 microns in diameter.

According to a preferred feature, especially
in the case of partial hydrogenation of compounds to
aminonitrile or aminonitro products, the filtration
step 1s carried out in the presence of hydrogen in gas

20 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

25 1in the circulation loops in order to maintain the
preéence of hydrogen in gas form in all the loops.

The process of the invention therefore makes

it possible to withdraw the hydrogenate representing



be substituted with one nore saturated or unsaturated, linear, cyclic or
branched Cl-C o hydrocarbon radi cals and/or one or nore hydroxyl radicals.

_ More specifically, the aforenentioned 20 hydrocarbon radicals, possibly
substituting the said aromatic units) nmay be chosen from Cl-Cl o, preferably
C1-C6, alkyl, aryl, alkylaryl and arylalkyl radicals. As aromatic unit,
mention may especially be nmade of benzene and napht hal ene rings, which may
or may 25 not be substituted wi th one or nore nethyl et hyl, propyl, butyl,

pentyl or hexyle (S YOS URIS SN 8 o k3. 0% 1pEOGERS accor di ng

to the |nvent| on ITB. e 1 nplemente sing at east one conp un from

”Unon'FrObenZﬁHBhlyHH“¥P&d(EHHl%ﬁ%btﬂ@nﬂhﬁ&&h&%ﬂ%&%.a&%&%nbhﬁQQHHﬁﬂe and
orthonitrophenol. 5 I n the case of the hydrogenation of dinitrile

conpounds, t herlal SHMOK ifevint @At nTof" W ick tdatestn ned
according to the desired degree of conversion and the desired degree of

sel ectivity. THiUS adgert dactdspedialily & rpdrainagecies] Ehi0 reamyioses an
anount of water less than or equal to 20% Preferably, the water content is
bet ween 1.%0 rainctude widrtaiespesimdomnald wiftlt e tiriidiel ercoristrict uents of the
mxture. furctional groups that have not yet been hydrogenated.
According to one other feature of the
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, 1is
treated in a solid/liquid separation step. Any
liquid/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.



However, this process may be carried out in 15 the absence of water, but in
the presence either of |iquid ammonia or of aliphatic alcohols. In general,
~the hydrogenation process is carried out in the presence of a solvent,

whi ch may correspond to one of the products obtained by 20 hydrogenati on.
Thus, in the case of the hydrogenation 96 adi ponitrile, the solvent is
advant ageousl y hexanet hyl enedi am ne. The catal ysts used in this

sem hydrogenati on process can be a Raney nickel or a Raney cobalt 25
comprising, in additiognbontheoRLREEL ALyiBE GoBal LeaBdchhenr sendual
amounts of the netal renoved fromthe stgrtlng all oy during the preparation

of the catal gghenbbak peokBssa¥ genﬁaglbx BLEMEDEEM F@PecREmPRECLPt her 14
el enents, often known as dopants, such as, for exanple, chromun) titanium

nmol ybdenum gggpen1atibgst @Rusi r eAe F#hPCoukhpdbaites tbhdhuAedApANg these
dopants, chrom um copper, titanium iron, rhodium iridiumand 5 their

m xtures arethegaidedgasatbemapsbeadepairagedusy dheselllapashsinsual |y
represent, by weight with respect to the weight of nickel or of cobalt,
fromO0%té 1lswanrdlprefemabl yohnent8éh in $6%ieklse nay al so advant ageously
be made of a 10 catal yst based on rutheniumor on rhodi um deposited on a
support. This catalystTbanCaF§éV§§nF?F§§eﬁ§@aﬁSdééﬁﬁ@§agﬁéuagﬁd in the list
nmentioned for the Raney netals. The anount of catal yst enpl oyed can vary
very 15 mﬁdeﬁybdéﬁéﬁéiés RnrpEPRPERFAPRORT EAEMRBE UPBIBT St RBiREt al yst or the
reaction conditions chosen. By way gf indiiation use ga be made of 0.50
to 200 by wek§RYCPIcaREPyShewsEROPEspERES ¥Sthetrsea ﬁéibﬂ?oth?he
reaction m xture, and generally of 1o to 120 by weight. 20 The second

catal yst stré&&fCESFprising the regenerated catalyst and the fresh catal yst

i s advan eously condjtion efore_being i u in t he
hydrogengﬁgon reactor.b%ﬁiggggg ng6ﬁiﬁagggegééggi§§?§gd%§8W?bed in French

Patent 2 806.08LecIlle 238006933 BONBhS! Brbleaddhagcihsegatal yst to a

sol vent and en addi ng ure the anount of base needed to
condi tion theseahal xpbiitheisal want r93chegenthe BeoaeBeokoagi¥est for the

basi ¢ conmpound, thus

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



15 making it possible to fix, for exanple by adsorption, nolecules of basic
conpounds, generally strong m neral bases, on the surface of the catalyst.

. The strong m neral bases suitable for the 5 invention are alkali metal or

al kal i ne-earth netal hydroxides, for exanple Li OH NaOH, KOH, RbOH, CsCH,

t etraal kyl ammoni um hydr oxi des, such as tetraethyl ammoni um or

t et ranet hyl ammoni um hydr oxi de, and m xtures thereof . 10 The hydrogenati on

process of the invention is generally carried out at a reaction tenperature

of |ess than ;g equdl dr0 gksdfathingf 8% Qdeggg&bQQQOQrO?QQﬁE to 120C and
6 100G, “15°8p

even nore preferably |ess than or “equ ecifically, this

t enperat ur e icqthatweepramngnt nt @Rerkhe ochaRpRkexrert el y 20C) and 100C.
Prior to, sinmultaneously with or subsequent to the heating, the reaction

chanber is brought to tihe appPceps aife thydiggentpoasapbeiekh@b ithet 0 say, in
20 practice, between 1 bar (0.10 MPa) and 100 bar (10 MPa) and preferably
bet ween 5 barcoppletPar padt5Qlbéwdrogehakiohhefotbapoaaddi ti ons which
govern the hydrogenati on process in accordance with the invention 25 relate
t 0 conventi oraimpirecshimioc ali taridan gements ok fowae tpenade grBupshedor e, t hese
conditions can be nodified in order to nodify the degree of conversion of
the 16 di niappliest oodieamands cadesldi g Bopweetiser forhithe verséailvity for
amnonitrile_is desired or conversely conpl ete hydrogenation of the
dinitriles | SYEEOHEERL1REC OF iSRGy IARGERST 1o Pér FOIPPERESr e of the 5
invention, the liqui.d mediumfor maintainin tge R?ne% getal is preferably
wat er. The alHRF oREERELEL P& PR YPRETRARe WHELAPTRS FFEPBFabl y bet ween
2 and 60. A low alum niymcontent in th%%ca%al%st hs Eefe%able as it nmakes
it possible to vary theé 48 BTy 16t SONEMGITEREMYoRSENd PS5 reduce the

Phenoreno o Rh2RRHG B SR BRGNS Il pltRmk i g aoki feature of
hexamethylenediamine. The aminocapronitrile may be used
to manufacture €-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 (I)
20 1in 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,



for conditioning the catalyst is between 0.1 nol and 15 50 nol per kg of
catal yst. The optinum anount of base is determ ned for each catalyst.

. According to a preferred nmethod of inplenenting the invention, the strong
base is added in the conditioning step in the formof 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

| evel of concentration in the phase containing the strong base.

Advant ageous o c25ohe i Akl 0ol ceb AL -9 ot DRSSPLUER! nf fcbbesvalgr will be

at least equal to 1, preferably greater than or equal t ; 17 According

to the invenpuenichhari9l verturesChesgAi bhAM cOMBOYAdSoWhbEN have an
affinity (solubility, for exanple) with water or the liquid for preserving

t he Raney nemathgngdlwheebnierillbeananbrady, ebhhravecoonahitnily (| ow
solubility) with the strong m neral base. What is neant by insolubility of
the strong bahéchnceheosdbiente dromorbespenef peatéysi iorhehéi qui d phase
formed by the solvent and the water or the preservation liquid, is a | ow
solubi lity feynthesbasef a@iboniexalple | ess than 1% by weight. In a
preferred nethod of inplenenting the invention, the solvent is

advant ageousl y an ami nén prafr&igplytha aabfewBsreeBpondfiy « witlhabeobt ai ned
by the hydro%enation reaction, or liquid ammonia if the 15 hydrogenation
were carri edtH6t "PRtatregurBtaffiohRimh FREFERPOTAFstPstBecrBgeCt

advant ageousl y, the choi solvent nust allow further products to not be

ce_of
i ntroduced iﬁ@&pPﬁétﬁﬁgﬁogéﬁgﬁibﬁ Rt BFESERH PRBFEFBre al |l ow separation
processes and possinyArec l.ing, 20 processes @o ?e carried out easily and
i nexpensi vely, and ther8F8¥§lﬁﬁtﬁolPgFlgaﬁgﬁgP 9r 3raaﬁgnp?%%%§§ as regards
t he technica ecenom [ Ltk un f basic
conpoundq#ayhﬁgﬂg dgg ?gkgﬁgggggggighenﬁg?gggki%ﬂ?ﬁétﬁgghlg?ga separate 25
stream or as@mpbihisecW b hha-WBbak -8kl §2@ QtonQtYeNtosbbeARE Thi s

addi tional anmount of base is intended to saturate the reaction mxture with
basi ¢ conpougdsprAsing at least one nitro functional group.
Preferably, the said compounds have at least
two nitro functional groups and at least one Cg-Cia,

15 preferably Cyz-Cig, 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:-C;q, preferably
C1-C¢, 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, butyl, pentyl or hexyl radicals and/or isomers

thereof.



18 order not to change the amobunt of base deposited on the catalyst.

Further details and advantages of the invention will becone nore clearly
. apparent.in the 5 light of the detailed description of a nmethod of

i npl ementing the invention, given solely by way of illustration and with

reference to the appended figures in whigh: - Figure 1 shows a schematic

di agram of the 10 process of the invention; and - Figure 2 shows a
schematic diagramof the solid/liquid separation device. The process of the

nventjon is carried oihd B aUdr ggeBaLkAR EBACHAT s L uALGRA RSl utes a

stirrer 2 15 for keeping t solid in suspénsion in the reactioh mxture

and to di sperggiihRndasa h@ug@og%n)leag&rrbaa EBgpeuaahgadyof the reactor in
the form of bubbles. The stirrer may, for exanple, be a self-suction

stirrer of theRneavicrabehzieyiRe, mhohhierBushlenet yaenotrototiiendd nul ti bl ade
type, the bl ades advantageously being inclined. This stirring nmakes it

possi bl e t 0 @atraind taoichimeaephase ofrtkbni e rephpnbdi.ng a solid phase
consisting of the catalyst, a liquid phase consisting nmainly of 25 the
vari ous orbgani ¢ conpoudds the beskydfogbrategdropenhatohavé Bémntrile
hydrogenated, and a gas phase consisting of the hydrogen bubbles di spersed
in the reactp@mp@ppﬁﬁpethe mean composition 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
liquid 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



19 The reactor may include a double-walled jacket for controlling the
tenperature by using a heattransfer fluid. The reactor 1 includes a first
~line 3 for 5 feeding the reactant to be hydrogenated, form ng the first
stream In the exanple illustrated, this reactant is adiponitrile,

advant ageously dissolved in a solvent sygh as hexanethyl enedi am ne. It

i ncludes a second line 4 for feeding baSic conpounds, advantageously in 10
aqueous solution, formng the third stream for exanple an aqueous

pot assi um hy dn@xiede sS0bi¥te@Nknbhm! 38 @BbQHQSQfSLGHLQQ?nEBEi8&aﬁ%h@§trated1

t he hydrogenation is carried out 1n the presence of an anount of water of
bet ween 1.50 caR@miumdy tWeaaRumof mblebdanhindutdppass ehnbhlecheactban

m xture, this water advantageously being fed in the formof solvent for the
basi ¢ conpourdsic,Hehedenm blre ipiddéaess amohbetha¥entibpanisy be carried out
in the absence of water and in the presence of other solvents, such as
ammoni a and 2bGrehipmat icopaletohtlisansuoch asonet randlipmet hahdhiuor apdopanol
In the latter case, the basic conpounds are added in the form of alcoholic
sol uti ons.5 Théaeicaotiotutesl soei mebaddedaaki tbesSmpek fdwdnhgokypdeegen gas,
constituting the fourth stream 25 and form ng the reactor overhead. The
catal yst is iTheseddeopanitst osubd lyezeprsesens . t k¥ weaehs wathhseppeatof a
suspension in a sol vent 20 prepared in _a conditioning tank 7. This
suspensi on fGPw§h@h€e§€@§n8st#€§ﬁﬂ P PheCRERREd dFomnBRefentati on
illustrated, this c%tal it zus%gggion iﬁgobtained by introducing, 5 into
the tank 7, &"SoFVé& @rg% K &L° mEPhyPénedi amine via the line 8 and the
recycl ed catal yst, aft%f havi n 1b%endog%iongghé re gneggged via the line
9. The fresh catal yst A58 BYoPUrPoRSP5EErS %Xp ande; f8F 8xanp|e an

aqueous a%%kgﬁpgidkﬁéhﬁeoﬁokﬂﬁ'Qﬂiuﬁr%rabﬁorﬂgdkﬂkf8Qg§ggaéhao£he l1 ne

10. According to the invention, e reaction mxture is rawn at the

bottom of theg IRRAGKE.1THIZ Bakki§stlcahbtBof ObRPraski hatagi reul ation
| oop, and is fed back into the top of the reactor 1. This 15 circul ation

| oop i ncl udegopapit@P ihe16e@BAat hbkaef 9k s€i eHkabhBd &okhtge- RAASE M xture.
The reaction mxture is fed into a tangential filter 13 shown

schemati cal | ynetlnst.his filter 13, a portion of the liquid phase is filtered
t hrough the porous nedium forned by a netal 20 nesh made of steel with a
pore di aneter of |ess trhenat@umtcodnsatadssni eholawedvicant heryi nerg4. I n
the method of inplenmentation illustrated, the loop 11 also includes a heat
exchangerl 315 Wiidgd&d dgPeadinge inapgenicalati prethe3nagprewbigthfie reaction
25 mxture to be_cooled to a defined tenperature in order to maintain the
tenper at ure ISR EPHY Ste&&t ShewrFeRCR 1ORe CRBOYEAEREI GHRESResPYeleY afife.

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 into
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



21 At the bottomof the reactor 1, there is a second withdrawal 16 of the
reaction mxture, formng a second circulation |oop. A portion of the
reaction mxture circulating in this loop 16 is taken off via 5 the line 17
and fed into a solid/liquid separation device 18. This second circul ation
| oop may al so include a punp 12 and a heat exchanger 15. One particul ar
enbodi nent of the device 18 is illustrated in Figure 2. 10 This device 18
has an upper portion 19 conprising a | ower portion 20 of conical shape. The

end of the c : i Rl p 1.gf I'{.,C >thon, in
which is plagg§¥§%ﬁ§§hg%%%q?§% Eéé%ﬁ%% ?ﬁ% goapgqgh%y %ggﬁégggghfn the said

pi pe novi ng. yRlietul2s®AENDag2 d %omb‘é’hn@é@”@eﬁer@lfl?egt§6f1ﬁv"m§!hb¥8'l‘ in
novenent by the shaft 23 and a notor (not illustrated). The pipe 21 at its
| oner end hapazessl wa 2 @urfalkRdoEnithe thAea3glsicd present. A line 25 runs
into the pipe 21, advantageously at its |ower portion, in order 20 to feed
in slightly basic wat erheostwasik mdnkelalcdbalkgstsuptadbéert fom the sai d pi pe
21. The reaction mxture withdrawn via the line 17 is fed into the upper
portion 1% ofinvemtdewn eeel8lkad iameglnte ofnetlkiallinetearsd) metailnt o an
internmediate tank used as a 25 lock (also not illustrated) and the

super nat ant [hiv§rceigiesse fior wer@lawhiPta HalHneKPH, BPPHer C&8Hpr oducti on
of the hydrogenatign process or in order to be mxed with the hydrogenate
wi t hdrawn vi &atr@alkyd ammoppugugdroxidege Flucteps18etTREB®Y T ce al so

i ncludes an outlet, 29 for discharging the gases conming frgmthe reaction
m xture. Thi STEFIHHER GELamesoy1iz leg 'géﬁxﬁdﬁerépé ByXGMy et

i ndi cati on. her @ qui d/ solid separation devices my be enpl oyed w t hout
departing fromMSif scope of the invention. In the enbodi nent illustrated,

t he catalyst recovered ; i-pe 21l.yiLa. e.24 10 is
recycled:¥?a the line Sﬁ%h?%%f%§%%§%§%§s%QggﬁggtPénfﬁs %gﬂgn¥gbx i8

Advant ageouslgen ef1ake dabrHied %h&OQ%C%drbBEQiBBetEﬁgErztuEQeo§§&éE¥5t I'S
regenerated in a unit illustrated schematically at 27. This unit may
conprise a reagimlod @quaneald ngoke galedlersb1w test5 thydr egeaqgualbasi ¢
medium This unit nmay al so include a washer for washing the catal yst, for
exanpl e withta hadoc svldiicven mbie predeaddyanktageahshyoirnebudésta tap- of f
28 for renpbving a portion of the spent catalyst. 20 The plant descri bed
above has bed®(0fiCven nerely as an illustration. Thus, the arrangenent of

t he heat exchanger, the catal yst withdrawal and the nunber of reaction

m xture ciTcul ati on | oSpseardy dgd 1 f thient epperaturgepar besyyerProm t he scope
of the invention. WO 03/ 0621 88 23 PCT/ FR0O3/ 00161 CLAIMS 1. Conti nuous
process for RIS FGERALASHIS (CEREOHATS tedipriOSthganft FPPECor nitro

functi onal . . ,
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 medify the degree of conversion of the



5 groups to amne or amnonitrile conpounds in the presence of a

het er ogeneous hydrogenation catalyst in divided formand of a basic

_ conpound. 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 gf basic conpound and . a fourth
stream of hydrogen in order to 15 maintain the reactor under a pressure of
hydrogen; - withdrawing, fromthe reactor, at least a fifth stream

consi sting ofgitfia A18RC tHP M EMINEL KRG ANGUANYHR 298N kbl es di spersed
in the said mxture; 20 - making this fifth streamcirculate in at |east

one | oop, Whigdlddtisriitit Edrhentieidramrane tike dedn reld he coeaeieelyand
renovi ng, by heat exchange with the said fifth stream the heat produced by

t he hydr ogenaionfyl dteadiidrdgemaas drp ofaithieaidi ntite ineactiisodesixtedr.e at a 25
tenperature bel ow 150C, - withdrawing, fromthis fifth streamcirculating
in one of the |oops, aZXicdrdisty eamacwrithamiprgfzrre?d fipartiiren odf thiee
hydr ogenat e separated fromthe catal yst; and - w thdrawi ng, fromthe
react or ord f riowenid aof, the liquid medium for maintaining the Raney

metal is preferably water. 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.



circulation | oops, a seventh stream of hydrogenate 5 which is fed into a

| i quid/solid separation step, and recovering the liquid phase containing
_the catal ystfree hydrogenate and the solid phase fornmed 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 Caim
1, characterized in that the heat is renoved by a heat exchanger pl aced
downstream of the said withdrawal of the sixth stream of hydrogenated

conpounds in the 15 ci nedAJiR kRORNON niARAIBNL] thEt Boglkaamis3. Process
according to Claim1l or 2) characterized in that an eighth streamof the

reaction m XtdHosdnS i domduhdeMwhiehr easiornaadrenieyl ated in a second

| oop before being recycled into the reactor, 20 the heat being renoved by a
heat exchangersqiladdad tyn the sxiathpdiencuwliati eatleaoprf ahet Ad qeiightthrst r eam

4. Process according to one of the preceding clains, characterized in that
t he sixth stpe@mdrsimia HdveaBanteyr oeglala afnidl Wi cime diommthes centPeovess
according to Claim4, characterized in that the filter nediumis a porous
medi um pl d&cedavangentifdiing tyo (tliow @godadiildkyof Wil bt Bt&engam circul ating
in the loop. 25 6. Process according to Claim4 or 5 characterized in

t hat t he por@ti‘éle]ﬁed-i Ases Whgs 4/ meant by insolubility of the

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 advantageously 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 liquid 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
stréam. This additional amount of base is intended to

saturate the reaction mixture with basic compounds in



metal. 7. Process according to Claim4 or 5, 5 characterized in that the
filter mediumconprises a nenbrane placed on a support. 8. Process

. according to one of the preceding clains, characterized in that the
reaction m xture includes a solvent. 10 9. Process according to one of the
precedi ng clainms, characterized in that qghe reaction m xture includes

wat er, ammoni a or an al cohol. 10. Process according to Caim?9,
characterized in that the reaction mxture conprises 15 from1.5%to 70 by

wei ght of watgiged bt esPeUarge e lanbbint BES ba@l Weposeael on Hhet ure.
11. Process according to one of Clains 1 to 10, characterized in that the

| i quid/solidcsgpeanaid.on carried out on the seventh streamis a settling, 20
filtering or centrifuging step. 12. Process according to Claim11,
characterized in that tthetdhejuidd/tedllisd asepadtanrages odr thed out in a

devi ce conprising an upper portion having a bottomin the formof a cone,
and a pi pe ofirRfergnmin wirlds beswnte owrextcdreinly fareparens eénd tbe t he cone, a
means for noving the solid being placed in the pipe of small cross section,
t he reacti%n Jightturaf Bélengeted Liast deaser ipdignupfed pethioghofthe |iquid
phase separ at ed 26 fromthe solid being withdrawn fromthe said upper
portion, and iMRdenanyidy 4419 dyEntd Fec HecEd SOLGHYt kY WYt &h of the pi pe

of small cross section. .
illustra€1on 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 liquid phase consisting mainly of

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

of the hydrogen bubbles dispersed in the reaction

mixture.



13. Process according to Claim12, 5 characterized in that water is
introduced into the pipe of small cross section. 14. Process according to
~one of the preceding clains, characterized in that the solid phase
recovered is subjected to a catal yst regeneration step. 10 15. Process
according to Caim114, characterized in ghat the regenerated catal yst is
fed into the second, catalyst stream 18° Process according to one of the
precedi ng clains, characterized in that the second, 15 catal yst stream

consists of a mxture &RngI%EQ%e cgkghxag adgggig &ggggand and

optionally a solvent in whic dic conp ound°T's 1 nso t he basic

conpound’ cat glugee! & %wcgﬁwmgh@feeﬂe témggkaeage 38yBk: 65 Bages:compounds

per 1 kg of catal . Proceéss according to ai m 16, characterized
in that the Q@Eﬁgfgg E@u&ﬂ@ second, catalyst streamis a m xture of fresh
catal yst and regenerated catalyst. 18. Process according to one of the 25

preceding cl ai ms, char agkerieaedoirnit hatltiescat abyst isna Rapey nickel or a
Raney cobalt conprising between 2~ and 60 by wei ght of alum nium and

optional | 5 afdegany cheseeattantt e bet alydrobeaenedn themfgnguphechrom um
27 titanium nol ybdenum copper, tungsten, iron, zinc, rhodiumand iridium

first stream. In the example illustrated, 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 aqueous solution, forming the third stream, for example

an aqueous 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 liquid mass of the reaction mixture, this watexr
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
propanol. 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
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the polynitrile 5 conpound is adiponitrile.
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z| "P1s10% ()fn 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.
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0 5 the line 17 and fed into a solid/liquid separation

device 18. This second circulation loop may also

include a pump 12 and 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 liquid
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
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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.
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preserice of a heterogenedus 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
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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 downstream of the said withdrawal of
the sixth stream of hydrogenated compounds in the
15 circulation loop 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 claims, 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.
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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 liquid/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 liquid/solid 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 méans for moving the solid being placed in the pipe

of small cross section, the reaction mixture being fed

into the said upper portion, the liquid phase separated
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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 optionally 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 catalyst.

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 R;ney nickel or a Raney cobalt comprising between 2%
and 6% by weight of aluminium and optionally a dopant

chosen from the metals chosen in the group: chromium,



" #$UR' ()*+,-./0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

27

titanium, molybdenum, copper, tungsten, iron, zinc,
rhodium and iridium.

19. Process according to one of the
preceding claims, characterized in that the polynitrile

5 compound is adiponitrile.



