; e3eCskOpffgijijkekTkRcP 8 APRIL 2002 PROCESS FOR THE HYDROGENATI ON OF
Bl NI TRI LES *cooooz* The present invention relates to a procgzé?%gg e
8& i ng

hydr aliphatic dinitriles at least partly into
am n Wmmmgmﬂ The hydrogenation of dinitriles into corresponding
diamnes’'Is chni que whi ch has been known for a longtine, in particular

t he hydrd@@ﬁatlon of adiponitrile into hekanethyl enedi anmi ne, one of the

start in the crecaratlon of pol yam de 66. 710 Recent years have
seen ! eHRQG] v et efanial SON ey erred to as
hem hy ena ron) of alli phatlc d|n|tr|Ies into an1non|trlles in

partlcula “PWe hydrogengpﬁoﬁrﬁﬁegﬁld@NQH9H9§|§ﬁ%?3?%uﬁ9m%éﬁ3&ﬁ%%lIe

| eadi ng, th t Th
batent Us: A 5ros1 EafshikpheRas e, B el Tt R Ll IRA S it  on
of aliphatic §5?£59'E3E°'@59r%%§r??3 d%ldﬂﬂf¥¥1t4%|65 at 25-150C and at

a pressure gr an atnosp pressure, he presence of a

solvent ig a nolar excegﬁeogyagob%%%klgm;dgﬂ&ﬂdfg;ffégfyhggrntrrlIe t he
solvent containing |liquid anfronid or an al cohol of 1 to 4 carbon atons

contai ni ng ancbﬁeéggahalhgsalwﬁ.llelasl 956 Wchrigddavisiair rlLofe@n and in
the presence of a 25 Raney catalyst, the amnonitrile obtained being
recovered as khewmatEorpaodoal. tRakentin\PaA-td3lGH34 e tordheferatiloecess for
t he preparation of 6-am nocapronitrile by hydrogenation 8 APRI L 2002

of adiponitrile into hexamethylenediamine, one of the

starting materials in the preparation of polyamide 66.
10 Recent years have seen growing interest in

the hydrogenation (also sometimes referred to as

hemihydrogenation) of aliphatic dinitriles into

aminonitriles, in particular the hydrogenation of

adiponitrile into 6-aminocapronitrile, leading, either
15 directly or via caprolactam, to polyamide 6.

Thus, patent US-A-5,151,543 describes a
process for the selective hydrogenation of aliphatic
dinitriles into corresponding aminonitriles, at
25-150°C and at a pressure greater than atmospheric

20 pressure, in the presence of a solvent in a molar
excess of at least 2/1 relative to the dinitrile, the
solvent containing liquid ammonia or an alcohol of 1 to
4 carbon atoms containing an inorganic base which is
soluble in the said alcohol and in the presence of a

25 Raney catalyst, the aminonitrile obtained being
recovered as the main product.

Patent WO-A-93/16034 describes a process for

the preparation of 6-aminocapronitrile by hydrogenation



2 of-adiponitrile, in the presence of an inorganic base, of a conplex of a
t ow-val ency transition netal chosen from chrom um tungsten /&ﬂ%ﬁlidozi ron
and Raney nickel as catal yst, under hydrogen pressure and af

tenperature of from50C to 90C. Patent WO A-96/ 18603 descri bes the

hem hydrogenation of aliphatic dinitriles into amnonitriles, by hydrogen
and in the presence of a catal yst based oh optionally doped Raney cobalt or
10 nickel and on a strong inorganic base, the initial hydrogenation medi um
cont ai ni ng wa®éradiRenafradhit AR Ehgn@resenise @ifadinnd narigehicakase f or ned
and the unconverted dinitrile. All of .t hese hydraogenati on processes lead to
15 the desireﬁfaﬁiHBHP??FI8faﬁd18VéV6#€§€Hté&a§§1%épwgmﬁﬂ%§tﬁ?qﬁ?Qxﬂried
out continuou an Lndus%rialﬁglant. wever, certain probl.e have not

o
been revealedgFéwlghrPWaH@trl3?95 i c SOPEAL  THESD PR K& of

h Led i.n._thij i t i t.Jdt . h b f d t hat
oo agonat t ontEor8HE1Y B! Mfdbkhiaphabl® SHRALSAnd L3 Deen | ound tha

support eds met al g L-0e QAL beUkapnt BB otRLAl 3liom group VIT1 of the Periodic
Tabl e of the Elements, such 25 as nickel, cobalt, ruthenium and rhodium

deposited on a support whteRti wogRnekahlgyoan gesicdapatavgea pronounced
tendency to becone deactivated nore rapidly when they are in the presence

of nitrile funehihpdragénatB8ocAPBELa20pRal8 iich dilvg tatigerscantio hydrogen. This
probl em hardly ever arises in the current industrial processes which |ead
to the di am nanpimbeitaslhpdr byehatirogenneadadnndinet priesenesulifsan a 5

| arge anmount of nitrile functions being permanently retained in the
reaction nedi9ﬁ¥31h5§ubﬁsadppac@§§}oﬂﬁg1Néé@@ﬁ§nRQPGUU@pbﬁl&npﬁOnitriIe and
di ami ne, need to be recovered, as well as the unconverted dinitrile, while
at the shfie tRhEkEdi APdi APng SFTPBEyArrAgaRdSt beperndheo ivdtdRist while it
is sufficientg¥gactive..(Jven t he abo¥e.observa ions, it is thuys ngcessary

both to separ YSrPHAEPAFIRBAPERFER SRECPABIGSaNATET o PSd 2R PRETL
unconvert ed d&ﬂ@%&%'@hL“dQEH?Bet8¥g8§0%sgdbg?¥brﬁ%§ tRagatain or recycle
0 a

the catal yst wthout "grving 7ise I'tional deactivation. This
therefore 'nV8h¥8ﬁverted dinitrile.

All of these hydrogenation processes lead to
15 the desired aminonitrile and are presented as being
able to be carried out continuously in an industrial
plant.
However, certain problems have not been
revealed for an industrial application. Thus, in the
20 course of research carried out in this field by the
Applicant, it has been found that hydrogenation
catalysts, and in particular Raney nickel, Raney
cobalt, supported metals, in particular the metals from
group VIII of the Periodic Table of the Elements, such
25 as nickel, cobalt, ruthenium and rhodium, deposited on
a support which is generally an oxide, have a
pronounced tendency to become deactivated more rapidly

when they are in the presence of nitrile functions and



havi ng operating conditions and apparatus which allow a relatively rapid
separation, which is conpatible with industrial exploitation, of the

catal yst and of the liquid part of the reaction m xture, and’%‘f’gﬁ-?@&ui res
20 the said separation not to result in excessive deactivation of the said
catalyst. A separation, by filtration or centrifugation, of sone of the
reaction m xture containing the catal yst 8ould be envisaged, but, 25
according to the Applicant's observations, the catalyst thus manipulated in
t he absence ofi™hydiogdirere i of thed¥rPEeence of nitrile functions partially

| oses its activity; the yeduction in the lifetinme of the, catalyst 8 APRI L
2002 4 thus wei ghs unf a\FBH%b‘PE/OO]B}]e'Phléa’ﬁcé)tl’-%Y?Ec?F%ﬁﬂﬁsénoFthe process.

On the ot her anq. filtrati.on, under hydroge ressure, . and thys_in_the
_rl)_Lesence oI di ssoleynet!d lh@é‘rébtbré%%lf lf)Tif??%e wefzﬁi va goﬁoogh?hegigfg?ys}vb

e present i &),_Qg?gﬁ . n . yar obl ens. re
specifically, i1t céoa%;i@{s o) aalglr%rgess&(?oarl&%e ggﬁ%?{%u%ggﬁ%%roge‘%‘;ti on of

dinitriledto pr Qrfudteast PNer CO4 r BSRONHbRg B8 AGNbE FhbRent Dyt he _
presence of a hydrogenation catalyst which is not diSsolved in t%e reaction
medi um char adle®ydizRd iih td1d FdacOiPi i heSiuml “tHeshiydr 80pRatess, r east or
outlet, carrying out a separation of the gas contained in the reaction
medi um ~i n a Zeretipwprddidies gasrinopi tdri Yanshiérdisming) t rdedr taebe,
reconveyi ng the gas-depleted reaction mediuminto the said hydrogenation
reactor and r&eg@gvieyed perg ivel bfag hehe aincorveriod dbuitmleonvhhkesaid

| i qui d-gas separation zone after separation of the solid in a |iquid-solid
separation zoRé, Ghia AR iR gn¥n KN LRy | F FeRAYIE bENgf Rosh Phethe

hydr ogenation reactor with a resjdence tiyme of less. than_ 30 mnutes of the
solid de?‘é?nt ef visk t%r}seailntl*%ﬁ -%Joﬂ%m_sia’ba?%?’r‘éﬁ'z%h‘é‘?n tBe APRI L 2002

4a The appar ata%%vvg]io%rls i S/a uljériasbl eitj_‘ of C&M%/i Cé)éjgaxt:hebgégcgss of the
i nvention achievos exc¢ell en gas/ I Tquid contact, rtaprd and e fective

separation of sgggg%tc;?w@gaﬁ%&g% L EOMUAE e nE OB ARIQUSESEREA 3LAEN. Of the

hydr ogenat e and e cat recycling of 't latter, Inatime
whi ch i's conpaebhg v Athas | £asic POBS| I Go@ast tyateOovoE Ethempaisd

catal yst. The said apparatus includes three main sections: a reaction
section, a gasd nguimt=sieparatredyycle the catalyst without giving rise
i5 to additional deactivation. This therefore involves
having operating conditions and apparatus which allow a
relati&ely rapid separation, which is compatible with
industrial exploitation, of the catalyst and of the
liquid part of the reaction mixture, and also requires
20 the said separation not to result in excessive
deactivation of the said catalyst.

A separation, by filtration or
centrifugation, of some of the reaction mixture
containing the catalyst could be envisaged, but,

25 according to the Applicant’s observations, the catalyst
thus manipulated in the absence of hydrogen and in the

presence of nitrile functions partially loses its

activity; the reduction in the lifetime of the catalyst



secti-on and a catal yst-1iquid-separation section with
recycling of the said catal yst and renoval
reaction section generally includes one or nore U shaped tulfAPRHo2Q02
or 5 slightly inclined relative to the vertical,
of the branches of each U allowing for the rise of the gas/liquid/solid
catal yst dispersion, the other allowing for the return of the at |east

branches are verti cal

8 APRIL 2002 5
of the liquid (hydrogenate).

The

one

partially degassed liquid. It also inclydes four inlets at the 10 base of
the rising branch: the hydrogen inlet, the dinitrile inlet, the inlet for

the fresh othligogr8eghbedntavalursiblyidh e Webbaue ffedtailvdysss apd the

recycled catalyst inlet. The gas-liquid separation section consists of 15 a

verti cal

cythederotasbudOng thiee arhemrieandngenl t b tilaettndewm ng from t he

rising branch of the reactor), one or nore tangential exits (towards the

descendi ng lydmodenf preesnrect emd thumsimuthet pardeareowdfi et for the
reaction mxture towards the liquid-solid 20 separation section.

The

gas/ | i qui d/&i#selved ahydrodgespeasicddsrthe sdeactipetionbaifovtidhe exit point
of the degassed liquid. The liquid-solid separation section consists of a
decanter arBtRly#ta filter which separates the 25 hydrogenate fromthe -

catal yst and recycles the said catal yst.

continuously while

The present invention proposes a solution to
these various problems. ) More specifically, it
consists of a process for the continuous hydrogenation
of dinitrile to produce at least one corresponding
aminonitrile, in the presence of a hydrogenation
catalyst which 1is not dissolved in the reaction
medium, characterized in that it comprises, at the
hydrogenation reactor outlet, carrying out a
gseparation of the  gas contained in the reaction
medium,‘in a zone in thch the gas-liquid transfer is
limited or zero, reconveying the gas-depleted reaction
medium into the said hydrogenation reactor and
removing a portion of the said reaction medium from
the said liquid-gas separation zone after separation
of the solid in a 1liquid-solid separation zone, with
recycling of the solid decanted off in the
hydrogenation reactor with a residence time of less
than 30 minutes of the solid decanted off in the said

liquid-solid separation zone.

The hydrogenate is renoved



t he catal yst suspension separated out in the decanter and/or in the filter
i's returned into the reaction 8 APRIL 2002 6 section. Flushing is carried
out when it is considered necessary to replace sone of the 8#ARRILR002ith
fresh catal yst. The apparatus which is suitable for the 5 process of the
invention may be illustrated, for exanple, by Figure 1. It includes a
cylindrical vertical tube (1) connected, via a bent tube (2), to a

hori zontal tube ~(3) energing tangentially in a gas/liquid separator (4)
consisting of a vertical 10 cylinder wk@h a diameter greater than that of
the tube (1) . The separator (4) includes pipewrk (5) for renoving gas or
vapours. A horizontal tube (6) originating tangentially at the separator

d at 15 int b ' j s : [ aect ed vi
bent “tube (7) 10 a seuandtpe iy "FhEEn as' BUUeHAC Hor SRERDIRG NC Lbe”

1 [ b 1 ; t I ther f
50, The 1086 (15 PhaciaR, OBThe S1nRdAcsh AR Re SR R  oducing

hydrogen aggspi PGWREK cohPadtor +d4hi@dualing r¢erittinie eseagypséi&ﬁ) ognd (8) can
include, as représented in Figure 1, a jacket (11) and (12) to allow

circul ati ophebeatwObhdGed dMasds NGohtHbl, Thacdlhiud BVepasheden an inl et
(30) for fresh or 25 regenerated catal yst and an inlet (21) for recycled
cat al yst. dhethdbhydirbgenate Snd avf behgechtadlysy aid ghédycDbhgqo€ (in the
| atter case, preferably such 8 APRIL 2002 7 that their axes converge

t owar ds t hehéolaoter, Tha madiimeofwitickhaiar eocobatthidoled baish 2th& and 9 are
cal cul ated according to the usual rules of chem cal engineering, such that
the | oss oleastrgesefiblet keautsisvatienl afi thei waiiltk aattakesttircuit is as

| ow as possi ble. Their angle of curvature can range from45 to 135 and
preferably from 60 t&he2@ailh apparatuys hpgluges ithier rediikked via pi pewor k

(10). This pipework can be fitted with any 10 common di spersing device, but
a sinple ta8gretipnsh @ tpaction section, a gas-liquid separation

section and a catalyst-liquid separation section with



the wall, arranged in the axis of the tube (1) is sufficient. This pipework
('10) is connected to a source of hydrogen which can be introduced at

at nospheric pressure or at a higher pressure. 15 The pi peworS8ARRIL 2002
removi ng the gases can be connected to any device for processing the gases
separated fromthe hydrogenate. Figure 1 illustrates a device in which the
gases obtained from (5) pass into a condeﬁser‘(14), in which the vapours

conveyed into p 4) . a parated fromthe hydrogen. The
condensat e obtal éﬁgfgffggaéﬁéd&?% cé%%éf%%%a?%gugev?gagi8Emg$ﬁ (31). The
excess hydrogqqddya1¢ﬁyg§3§éﬂg§ép.conpressor (16) via a pipe which

y

includes a flushing systemT{15) and it is then recycled at (10) after 25

introduction at (17) of mfe anmubt:of Wk D9eNghad eagled iﬁc99%§2ﬁﬁ%e for
|

t he hydrogen consuned during the hydrogenation and for that as been

flushed out. bir m®mecsstaiped CURF®Whode BEHISHEES ard PER L2003, 8
hydr ogenat e forned, which has been freed of the catalyst. In order to be

abl e to rénovelagbtitédyr imariogehated atiive tometltontearnl cgl visheladbt Ve RO

catal yst, a decanter (18) is placed directly under the separator S (4). The
| i qui d/ cat al y®ragggensiforgackhdsalgawptmstonathedeehssephiraited out in the
separator (4), enters the decanter (18)._ The decanter (18) consists of a
cylinder (19) 98fdildguiidvisod i matedyst AiFprrsiay. sdrecather 10

continuously r rn_the concentrated h of catalyst into the el bow (9).
The Ihygrch)Ze%af‘Ztlg?"é@g %Prt ﬁg‘ecarteaﬁ";m rz?af:% %al%g/%‘? RAYH1pnnect et(zl %o a

pot (23) fitt ] an . rspill (;24) to..allowthe c]ear hydrogenate to be
renoved conti ﬁgguss%%d pﬁ Y’I%'éisv'elftl 5 ' Clg‘h §% ¢ Oal‘bf)alrr?h'a‘?fss e n%‘ekept
constantq,hy C LNU@US Nt X i a i V. f

dinitril égol vgﬁlté?cg?al%?gt txrrlﬁ%g?ﬁ e. él'f Irtor\%q?{ag/%ﬁé? h%ltgtﬁ’eqi}ﬁ) IS

adj usted by naapstefila vahee,(2%e syohd Wy the |£Mr¢/&@t@é§’e§{ef@§éh
retains an adequate concentration. 20 The pi pework (21) includes pi pework

(32) for flusbanglybe,spanh oat alitsioutWiccleamylyant i el lohde-d8gansy at ed.
Figure 2 illustrates one specific decantation nethod used in the context of
the inventioncatalygstdenin2ett.o prevent, on the one hand, excessively rapid
novenents of the mass of catal yst and of hydrogenate from occurring in the
reactor (18) and, on th&hst Bes -RdadidhEdregat ifaroraqsdniaty adnmysts oft hi s

decanter, _a 8 APRIL 2002 _ ) ,
is a vertical cylinder including one or more tangential

inlets (coming from the rising branch of the reactor),
one or more tangential exits (towards the descending
branch of the reactor), a gas outlet and an outlet for
the reaction mixture towards the liquid-solid
20 separation section. The gas/liquid/solid catalyst
dispersion enters at a point below the exit point of
the degassed liquid.
The liquid-solid separation section consists
of a decanter and/or of a filter which separates the
25 hydrogenate from the catalyst and recycles the said
catalyst. The hydrogenate is removed continuously while
the catalyst suspension separated out in the decanter

and/or in the filter is returned into the reaction



9 separation between the two zones (gas-liquid separation section and

I'i qui d-sol id separation section) is necessary. However, it should not in
any way be the cause of a deposition of catalyst. Such a r e8 ARRIL 2062
obtained by installing a partition (26) between the separator (4) and the
decanter (18), circulation between the gag-liquid separator and the
decanter being ensured by neans of a pipe (27) whose dianeter is calcul ated

so as to appresdabion ! eduesnihe spessrpiedheudOvhéguie (EorogyaHRLEgL O a
value of less than 0.5 netre/second). This pipe (27) extends inside the

decanter via adddhsdRAB)tahosel shansdws o gheatLfalpad VitRqEaksho t hat of
the pipe (27). A large-nesh netal gauze (29), in the shape of an
upwar d- f aci ng cadreelystan 15 be pl aced inside the decanter (18) in order to
attenuate the turbul ences created by the arrival of the |iquid/catalyst
mash. The apparat us descth®aaprdiodeus anhbeh nbeli $uibdabye afidrngha filter to
the decanter or by replacing the 20 said decanter with a filter. The use of
t he appar at us RESG9DRf dbv el PR pECD BRY%ske f b leperdepd hyBPBgenat i on of

adiponitrile into G-amnocapronitrile npkes it possible.to obtain a good

o Shorst on of A OBe ToThel | | Tl T uder b Selinat beal his.

di spersion is _stabl 0 en ughout _t U- e ubg(s). As
haspbeen st at ed rgbloc\sael?qﬂhé]esn‘a)%pac?%ﬁ%é%i’eg@} %o@%ﬁl%lé@% g% ti%éo%sl y
separate, and 'Itdi%gtaainytlﬁp@r.pﬂ abherJERs i ¥RLe P 11y PnAFRIL 2002 10 the

catal yst, the hydrogenate to be renoved fTomthe said catalyst to be

recycl ed. Thi ds/PRASID| SePLEMUSE 1HE E68:IS8NLEg L FEa Of et e gat al yst i n

t he decanter (18) and of recycling of the said catalyst can be [imted on 5
average t1® a \@ilishdir lwissh tdadi aetespialré oSO thawt €hat poLf ehabt ybéess
than or equal to. I5 mnutes and even nore preferably | ess than or equal to
5 mnutes. TheQd residence tinmes are al so respected when the decanter is
replaced with a filter or is conpleted by adding a 10 filter. In order to
obtai n good decant at i on Bte tsrpazatdyst4 v intchudee pipewerki (S) i foicat ed
above, an average catal yst concentration, corresponding to the

catal yst/ | i qQUiXERVERT GFR i E UFRPMTYnhtA raeT bzonfalstyreat @l than 50 will
preferably be used. For |ower cong ratio sone_of the &aéglg/st tends to

be entrai ned FHHPAHE WA TYFR e F ehoV tcl,ts PR fEAtor an

16 point below the inlet point of the tube (3), is
connected via a bent tube (7) to a second vertical tube
(8) which is connected to the tube (1) via an elbow
(9) . The tubes (1) and (8) and the elbow (9) together
form a U. The tube (1) includes, at its base, pipework

20 (10) for introducing hydrogen and pipework (13) for
introducing dinitrile. Tubes (1) and (8) can include,
as represented in Figure 1, a jacket (11) and (12) to
allow circulation of a cooling or heating fluid. The
elbow (9) includes an inlet (30) for fresh or

25 regenerated catalyst and an inlet (21) for recycled
catalyst.

The tubes (1) and (8) can be vertical or

slightly oblique (in the latter case, preferably such



maxi mum r esi dence tine in the decanter (18) is respected. In this case, the
filtration technique may 20 prove to be advantageous. An average catal yst
concentration of greater than or equal to 10%is again pref SrARRIL 2008ce it
al l ows even faster decantation of the catalyst, and thus mai ntenance of the
sai d catal yst under 25 unfavourable conditions for a shorter tinme, for
exanpl e less than or equal to 15 mnutes. The aliphatic dinitriles which

can be used ip gpe ?ge§§ %fc%%%éf@%emgdﬁ}fﬂ (ééggg@lcularly t he 8

APRI L 2002 11 |n| s “of general formula (1) in which R

represents a linear or Phanghed jaley lene e @)ﬂl?é‘eeﬂfc%@ éson; 3alr{H ng
from1l to 12 carbon atonms. 5 Dinitriles of fornmula (1) in which

represents a biaear calcllanededcaldediene toadialuhl ahfid 44 om 1 to 6
carbon atons are preferably used in the process of the invention. As

exanpl es of sobémilcalt enbéaeerdnt, osurdy thathe ade s grardiandearodf
adiponitrile, nmethylglutaronitrile, ethylsuccinonitrile, malononitrile,
succi noni 8ri | ehandagbutarenilating dmd tiexemtdsre herpofit (is par tioulas

m xt ures of adlponltrlle and/ or of nethylglutaronitrile and/or of 15

et hyl succi nonPe#fiblgAi &‘heéan apglepdi reld VirtarEe W@rsm% daess 4%t the

synt hesi s of adlgonltrlle % Q % tice, the case mhere = (CH2)9 wll be
to 135° and prefe y Erom 60° to

In Figure 1, hydrogen {§ introduced via
pipework (10). This pipework can be fitted with any

10 common dispersing device, but a simple tube flush with
the wall, arranged in the axis of the tube (1) is
sufficient. This pipework (10) is connected to a source
of hydrogen which can be introduced at atmospheric
pressure or at a higher pressure.

15 The pipework (5) for removing the gases can
be connected to any device for processing the gases
separated from the hydrogenate. Figure 1 illustrates a
device in which the gases obtained from (5) pass into a
condenser _(14), in which the wvapours conveyed into the

20 separator (4) are separated from the hydrogen. The
condensate obtained is recycled into the apparatus via
pipework (31). The excess hydrogen then passes into a

~compressor (16) via a pipe which includes a flushing
system (15) and it is then recycled at (10) after

25 introduction at (17) of an amount of hydrogen intended
to compensate for the hydrogen consymed during the
hydrogenation and for that which has been flushed out.

It is necessary to remove the degassed



t he most common since this corresponds to the use of adiponitrile (AdN) in
t'he present process. 20 The catal yst generally consists of a catal yst based
on Raney nickel and/or on Raney cobalt, optionally, but preféABRil2002

i ncl udi ng one or nore doping elenments chosen fromthe el ements from groups
Ib, I'Vb, VIb, VIlb and VIII of the Periodig Table of 25 the El enents as
publ i shed in the Handbook of Chem stry and Physics, 51st Edition
(1970-1971) . Thedsagaingtte Hasmedon whdrdy heisc keleramd/cdid ¥ Raney cobalt used

in the process can thus include, 8 APRIL 2002 12 besides nickel or cobalt
and the opti on&RtRd¥is¢uallnawrdiers tef behabiet alo removed o raredhe ori gi nal
alloy when the catal yst is gbtained fromattack of an alloy, i.e. generally

al uni ni um one¥ATRFEBSEhel -GopPRE Sodltarming it uad 1vf oo exangllyest

chromum titani uym | yb m, tungsten, iron, zinc. or copper. Anong
t hese dopi ng eﬁeﬁgﬁﬁg?e%hggﬁyuﬁﬁaﬁ £d Adresikdromndera tihgmssapa reanst der ed

t he nost advan eo ing_elenents usually represent, 10 on a
wei ght bas?s pg?gﬁeﬁgﬁtIgﬁﬁggzﬁgFa YS5f SEEBEPE 1 o : G§aF5 Rhawe

preferably frogaQ% 1 ataly n also_consist of a netal, which
is generally a netgFePr%%PSFEESQV%?% 3& %%8 ﬁSPF68|8rT369e GPtERE Ehement s,

such as rut henggsantérr hedyum nickel or cobalt, deposited on a support
which is generally an oxide such as alum nas, silicas, alumnosilicates,

titani um di oxi de, zirconThe astdacer MagnesbHELQksdss gncymenag§p3&5 d
nmetal catalysts, the nmetal 20 generally represents fromO-1 to 80% of the
wei ght of the euppogtywithdapceher §dby.f Ropife5 (£0) 588 ves to
10 continuously return the concentrated mash of catalyst
into the elbow (9). The hydrogenate freed of the
catalyst leaves via a pipe (22) connected to a pot (23)
fitted with an overspill (24) to allow the clear
hydrogenate to be removed continuously, the level in
15 the entire apparatus being kept constant by continuous
introduction of an equivalent volume of dinitrile-
solvent-catalyst mixture. The flow rate in the tube
(21) is adjusted by means of a valve (25) such that the
liquid/cqtalyst mash retains an adequate concentration.
20 The pipework (21) includes pipework (32) for flushing
the spent catalyst, which may optionally be
regenerated.
Figure 2 illustrates one specific decantation
method used in the context of the invention. In order
25 to prevent, on the one hand, excessively rapid
movements of the mass of catalyst and of hydrogenate

from occurring in the reactor (18) and, on the other

hand, hydrogen from penetrating into this decanter, a



Raney nickel, in particular, doped Raney. nickel, is preferred in the

cont ext of the present invention. 25 For the conp05|t|on of the reaction
medium in particular for the nature and amobunt of solvent SrAPRBL 2002c
reference may be nmade nore particularly to the description in patent

WO A- 96A8603, the content of 8 APRIL 20Q2 13 which is incorporated by way
of reference into the present description, or alternatively in patent

EP- A- 0, 641, 315%epHio @XH M asweMdt Chhd obdovebhbysigaterihaia kapaphi9Bn TESTS

a
A AND B These tests are intended to denonstrate ? he deactivation of Raney
Ni in the presragd datd nigquidredl dhssaparavibhesabsesae 9 hydrogen. 10
In order for the "normal" consunption of the Ni, due to its catalytic
action, not tmdadsrdrey.e Hawdwet heit nshowaldrade vh sopswapt benthé t he
hydr ogen during the hydrogenati on of adiponitrile (AAN) will be taken into
account. 15 6@&&%}(ﬁf/&ﬂ@eggﬁEI%PQﬁOfmmﬁtQDygtofSuahea rpeudssiam
hydroxide in a proportlon of 0.4 nmol/kg of Ni ,and 1.2 of Raney N
contai ni n§ 1. @puiingd @ igrstalhing |dRpMCihiona(2ehcPeEveen RSt A which

serves as a control . he 20 hydragenstion Le ¢4y °d;oul, Limedi ately at s0C
between the gas-liquid separator and the decanter being
ensured by meansjof a pipe (27) whose diameter is
calculated so as to appreciably reduce the speed of the
10 liquid (for example to a value of less than
0.5 metre/second). This pipe (27) extends inside the
decanter via a tube (28) whose diameter is greater than
or equal to that of the pipe (27). A large-mesh metal
gauze (29), in the shape of an upward-facing cone, can
15 be placed inside the decanter (18) in order to
attenuate the turbulences created by the arrival of the
liquid/catalyst mash.
The apparatus described above can be modified
by adding a filter to the decanter or by replacing the
20 said decanter with a filter.
The use of the apparatus described above in
the process for the hemihydrogenation of adiponitrile
into 6-aminocapronitrile makes it possible to obtain a
good dispersion of the hydrogen in the liquid reaction
25 mixture. This dispersion is stable and homogeneous
throughout the U-shaped tube(s). As has been stated
above, this apparatus makes it possible to continuously

separate, and without any appreciable deactivation of



In Test B, the hydrogenation is carried out at 50C and at a hydrogen
pressure of 20 bar, but before introducing the hydrogen, the reaction
mxture 25 is stirred for 30 min under nitrogen at 50C. The8iARRIL2002
hydr ogenati on rates neasured for these two tests are as follows: - Test A
24 litres of hydrogen consuned per 8 APRHL 2002 14 hour, - Test B: 21-
litres of hydrogen consuned per hour. The nai ntenance of the catalyst for
30 min in 5 thenhpreseatgsof ohérhlarbyaahtenscapd irambhedalksence hef
hydrogen is thus reflected by a 12. 5% decrease in the initial activity of
the said catalysid d&T1gst ntorder reoydileti. nFhuishisi pokxdbpkeedetaged 10
bel ow, the part of "normal" consunption of Raney Ni fromthat possibly due
to the deacti velhé onesideheeshideRafieyhii chhallyetabhsenbe dechydeogdng)a
continuous AdN hydrogenation test was carried out. The test consists in

| oadi ng 143. 6 3 foﬁ\dﬁﬁclglmﬂ efgthe ﬁﬁiﬁo@éﬁﬁéﬁﬁf—r FRa pacljmited. ong of

hexanet hyl enedi am ne ( taSS|u droxide in a proportion of 0.46

o1 A RERLYENPE cORPH Y
nmol / kg of N aﬁﬂeﬁaﬁe t%f REALYE NPT cbREEi hPRG 2rssaHe lwEPgRP BRDEESSHt 0 a
reactor stirred b% nlxe 20 After Ehgoagg ratu has geen fl ushed
with hydrogen Pt fie® %ra?u?e '$" adf usted Qﬁ&u hE AYdr 6§ER pressure

to 25 bar. qg? %g%g&%%ﬂ%glé& hha 8t agaa&eegt 5OR4 hﬁ@gsra&w AdN i's

injected at a and aqueous pot assi um ydrOX| € 25
sol ution at 0. £é%f@%ﬁée'§1h@be&iédaﬁéoarégﬁébE@Hewﬁénléhé aéganIQ§ fgaction

m xture i s renoved continuously by passing it through a I'ter placed in
the reactor. replaced with a filter or is completed by addlng a
10 filter.

In order to obtain good decantation of the
catalyst within the time limits indicated above, an
average catalyst concentration, corresponding to the
catalyst/liquid reaction mixture weight ratio, of

15 greater than 5% will preferably be used. For lower
concentrations, some of the catalyst tends to be
entrained with the hydrogenate removed, when the
maximum residence time in the decanter (18) is
respected. In this case, the filtration technique may

20 prove to be advantageous.

An average catalyst concentration of greater
than or equal to 10% is again preferred, since it
allows even faster decantation of the catalyst, and
thus maintenance of the said catalyst under

25 unfavourable conditions for a shorter time, for example
less than or equal to 15 minutes.

The aliphatic dinitriles which can be used in

the process of the invention are more particularly the



8 APRIL 2002 15 The nickel is not renewed, but the separation is carried
out in this test under gas/liquid transfer conditions which provide the
catalyst with a constant concentration of hydrogen. 5 After 8ARRIbEO02t i on
of 1216 g of AdN, the test is stopped and the activity_of the Raney N
contained in the reactor is neasured using the follow ng hydrogenation
test. 1 to 2 g of Raney NI mash are renpved, the 10 catalyst is washed with

six times 50 ginofrdhabi bredenatren aldu @D @rof catalyst is weighed out
accurately in a picnoneter. The said catalyst is introduced into a 150 mi

stai nl ess-steel autoclave fitted wth @CskRiCRi ng system a heating gystem
means for introducing 15 hydrogen and reagents and neans for neasuring the
t enper at ure and whéchr BssepeesAntw 0.Mrmpaf owatlerarcied aboyhdéne sotaken
into account in the weight conposition of the 42 g of reaction solvent
conposed of 98dkenpland gg%lmpem)téii@ial%cfm rlai fredl i cdrbor 200mat al yst .
The HVD, the water and the potassium hydroxide (in a proportion of 0.05% by
wei ght of Sthe reaction RiEREGEFE)L e&r@ﬂtﬁ&ﬁﬂ?%%ﬂ krﬁﬁfﬂﬁ%ﬁ@a%e under an

argon atnosphere. The auto Iave is flushe t h nitrogen i th hydrogen.
't Vs then neAPBEeSRACPs <24 1RERE 4 SEARanet Ty (29 sahns of o

hydr ogen tank The syst nrfo cqrdj t dro re sure in the said
tank is switc t%nnéﬁ g ? A N%arquéﬁ? tgylnfgg € %r%@% ation

is continued ; H”Ehe PrgCégBI g%% L6, @sunpt i on of hydrogen has

ended. The above test 'S carrie out, on the one hand, with fresh Raney N

as used in Test C and, g8 bhamphber dranfhciidihithe: Raneydhe Wi Ghapas used

to carry 5 out Test C (spent N'). The initial hydrogenatlon rat e neasured
in this f1est bepnadenis. phetaeuilwrt pofadipwrRaneyidN . The activity of the

spent Ni represents 40% of the activity of the fresh NN. The chem cal
consunpti on ofethytgineapondimd 180 tekhnlsdarsinapfitmiokeral " activity due to
'ts use as a malononitrile, succinonitrile and glutaronitrile and
mixtures thereof, in particular mixtures of
adiponitrile and/or of methylglutaronitrile and/or of

15 ethylsuccinonitrile which can be obtained from the same
process for the synthesis of adiponitrile.

In practice, the case where R = (CH,), will be
the most common since this corresponds to the use of
adiponitrile (AdN) in the present process.

20 The catalyst generally consists of a catalyst
based on Raney nickel and/or on Raney cobalt,
optionally, but preferably, including one or more
doping elements chosen from the elements from groups
Ib, IVb, VIb, VIIb and VIII of the Periodic Table of

25 the Elements as published in the Handbook of Chemistry
and Physics, 51st Edition (1970-1971).

The catalyst based on Raney nickel and/or on

Raney cobalt used in the process can thus include,



hydr ogenati on catal yst is cal cul ated by the product of the anmount of N
loaded (6.4 g) nultiplied by the difference in activity before and after
Test C (1-0.4), the result being divided by the anount of ASMPBRIL 2002
hydrogenated in the said Test C (1216 g) and is expressed in kg of N/t of
AdN converted. This "normal" chem cal conggnption is 3.15 kg of N/t of
AdN. EXAMPLES 1 TO 3 20 The tests are carried-out in apparatus as descri bed
in Figures 1 anskPdedheiydiogenabbanti anaachiedpeibnan adispanilrile, the
sol vent consisting of water (8% by weight relative to the adiponitrile
used). The catahysit25f stihe Raaeglnrekeledoftramnihg br@%uhulwailgbt of
chrom um dopant relative to the weight of Ni. 150 of catalyst are used

rel ative to théeherache opabakysteisTabtsupptlyframestohckhefadnpedilbyil e, o' f
the 8 APRIL 2002 17 fresh Raney nickel intended to conpensate for the
"normal " deacti vt i RPEVRELY dLURABIRE: aPPSt OraR@rsf otherpdpadstum

hydr oxi de sol utjon (aqueous solution at 500 by weight) are indicated in
Table 1 béf@me%?ﬁ?ﬁF?eﬁﬁé?afﬁre PFCF*arPwhi cHPEQRAUMest 1F&8Nd MY ed out,

the d f ion of the adiponitrile (%C AdN), the selectivit
Lovar 65 6 am BEARANHEH | BpaFERyCLP 8L hES RARPEORVEPEBD (oRY AN . 1 he

lectivity t ds h I L ag) 0 ' dN ted
(oRY D) the chem cal SRRMnoreen arorrd(anenarcly kPl RnatPY ot o

whi ch has been; r8pl acefsr Goi OhnNimk@bt €6nddNeceAVERLERbsrt Ne residual
activity of the flushed NN (Act of Ni: as %of-the initial activity) are

collated in Tadwardtpéous. 1PhEe @apingf el BRef¥aMkasi1{heepy-eEade,
residence tinme of the catalyst in the decanter (18) was 5 m nutes. The

hydr ogen 10 r cubrata omeiglie bss9H0PeNNBé hghndofhaibkdilogenofir espune,i s 25
bar. from 0% to 15% and preferably from 0% to 10%.

The catalyst can also consist of a metal,
which is generally a metal from group VIII of the
Periodic Table of the Elements, such as ruthenium,

15 rhodium, nickel or cobalt, deposited on a support which
is generally an oxide such as aluminas, silicas,
aluminosilicates, titanium dioxide, zirconium oxide or
magnesium oxide.

) In the supported metal catalysts, the metal

20 generally represents from 0.1 to 80% of the weight of
the support, and preferably from 0.5 to 50%.

Raney nickel, in particular, doped Raney
nickel, is preferred in the context of the present
invention.

25 For the composition of the reaction medium,
in particular for the nature and amount of solvent and

of base, reference may be made more particularly to the

description in patent WO-A-96/18603, the content of



SUPPLYREACTOR . "AdN t/hFresh Ni kg/ hKOH at 50% kg/ hTCYDC AANURY ACNURY
HVDCs of Ni kg/t of AdN convertedAct of N

8. 66112. 25988. 925. 8733. 195. 0142. 85070. 842. 75S. 33. 4146. 21528 AR 2008 239. 9
3.29 Table 1 00 00 r NO O N 8 APRIL 2002 19 The results obtained with

t he process of the invention show that the chem cal consunption of Raney N
I's not higher than in Test C perfornmed while keeping the Ni constantly in
the presence ohigdricgeimcditposprddessway eherehweanteninhastakl ows t he
continuous hydrogenation of dinitrile into amnonjitrile wthout

deacti vati on erasantcsdedsBsiphbioner Rl taeneivialywkar Pafepke said

cat al yst. 8 APRIL 2002 20
EP-A-0,641,315.

The examples which follow illustrate the

5 invention.

TESTS A AND B .

These tests are intended to demonstrate the
deactivation of éaney Ni in the presence of nitrile
functions and in the absence of ﬁydrogen.

10 In order for the "normal" consumption of the
Ni, due to its catalytic action, not to interfere, only
the initial rate of consumption of the hydrogen during
the hydrogenation of adiponitrile (AdN) will be taken
into account.

15 66.5 g of AAN, 22.3 g of HMD, 10 g of water,
potassium hydroxide in a proportion of 0.4 mol/kg of Ni
and 1.2 g of Raney Ni containing 1.8% by weight of Cr
are loaded into a reactor.

In Test A which serves as a control, the

20 hydrogenation is carried out immediately at 50°C and at
a hydrogen pressure of 20 bar.

In Test B, the hydrogenation is carried out
at 50°C and at a hydrogen pressure of 20 bar, but
before introducing the hydrogen, the reaction mixture

25 is stirred for 30 min under nitrogen at 50°C.

The initial hydrogenation rates measured for

these two tests are as follows:

- Test A: 24 litres of hydrogen consumdd per



CLAIMS 1. Process for the continuous hydrogenation of dinitrile to produce
at | east one corresponding 5 amnonitrile, in the presence of a

hydr ogenati on catal yst which is not dissolved in the reacti SARRILI2062
characterized in that it conprises, at the hydrogenation reactor outlet,
carrying out a separation of the gas contpained in the reaction nmedium in a
zone in which the 10 gas-liquid transfer is |lirmted or zero, reconveying

t he gas-depl etigdi eacti on nediuminto the said hydrogenation reactor and
removing a portion of the said reaction nediumfromthe said |iquid-gas
separation zone after separedt oB: 0flthietsesi dfi hydrbggni desslinddspear ati on
15 zone, with recycling of the solid decanted off in the hydrogenation
reactor w th &uwsi dence tinme of less than 30 minutes of the solid decanted
off in the said liquidsolid separation zone. 20 2. Process according to
claim1, characterized iThe HRRlRtRIIRGE | PHutRe sephriYsbnies BArmiediout in

apparatus forned by a vertical cyljhder conprising_at |east one supply,
from the Mydr dg¥n&RIGIEIEAR rl}l%?lf%e%%?ﬂgg‘@’éﬁaﬂ’@n“ﬁe'é]é?i%S%ﬁ?uﬁf this

ly bei d 25 t tiall th tigal cylinder, and at
ehtone 1 ecyIBn o TRECkeRlt 4Rl BR bt nF et eAE yr bBenat i on

reactor, this segycler i r ent i on the vertical cylinder
at a position 1bneq-'olvc\i?l haa%ﬁo%)ﬁgéggr%ggi%?g(?.ggtgig%ﬁ[L 2002 21 3. Process

according to ¢mgnd or 2, characterized in that the |iquid-solid
separation is carried out by decantation or fiktration. 4. Process
according to claim3, 5 phasrdderigedistingaishheihi guhdpresovegsdsafter
decantation or filtration is recycled into the |iquidgas separation zone,

Wi th purging dfelidwe, rdectpaort nedi tmooal 4i congutpeidy do Hgraaéy oxi pr oduct s.
5. Process according to one of clains 1 to 10 4, characterized in that a
portion of th&mat dlhat papyiddled duante hehgofi¢activat tosephralié osaidne in

t he hydrogenation reactor is replaced with fresh catal yst, 6. Process
according to ey Nhellprite @RRERFAI E, DYREPIR R er R zeANE hnupas Ad
residence 15 tine of the decanted solid i %he | i qui d-solid separation zone

n
is less than PYHHERMAL 1IN FHITC RS aCToF HFNg°YD: ¢l ai m 6,

The test consists in loading 143.6 g of AdN,

15 201.1 g of aminocapronitrile (ACN), 134.1 g of
hexamethylenediamine (HMD), potassium hydroxide in a
proportion of 0.46 mol/kg of Ni and 6.4 g of Raney Ni
containing 1.8% by weight of Cr into a reactor stirred
by a turbpmixer.

20 After the apparatus has been flushed with
hydrogen, the temperature is adjusted to 50°C and the
hydrogen pressure to 25 bar. When the reaction mixture
is at the reaction temperature, AdN is injected at a
flow rate of 172.5 g/h and aqueous potassium hydroxide

25 solution at 0.02 mol/l is injected at a flow rate of
16.4 g/h.

The reaction mixture is removed continuously

by passing it through a filter placed in the reactor.



characterized in that the said residence tine is less than 5 mnutes. 20 8.
Process according to one of the preceding clainms, characterized in that the
gas separated in the liquid-gas separation zone is recycl ed8iARRILt2092

hydr ogenati on reactor. 9. Process according to one of the 25 preceding
clainms, characterized in hat the hydrogenaii on reactor conprises one: or
nore U shaped tubes whose branches are vertical or slightly inclined
relative to timheveridkedl ,ionetofrdrivdit anchestiod saphrikiof APRI L 2002 22
allowing for the rise of the gas/liquid/solid catalyst dispersion towards
the |i qui d- gasagepadatduwdn izortd)ig Heesst herddor agwed/ bigqeddht thnefervi ng the at
| east partially degassed |iquid nediumexiting fromthe |iquid-gas 5
separation zof@nditiompmdsishydumdidey the ormrtatyet avheh lateogstant
characterized in that the average_ catal yst concentration, corresponding to
the catal yst/ ISORFP TE4AHT0 P i BdIRWSi ght ratio, is greater than 5~ and

10 preferably greater t or .equal to 100. 11. cess rding to one of
clains 1 fo 10, charact gst’aﬁq_zeerd }}Ygﬂic?%etnatrﬁeorél?%h]aﬁg Ai Af ?géﬁi?e Eul"s‘%d i's
chosen fromt inigrgl (L NG R ( 15 in which
R represents g’%lsﬁngasr é&roﬁﬁ%eg{r\c%%q%%y‘{%\lgwo%a(ﬁe%y elglge 0 OI{]J%) cont ai ni ng

froml to 12 carhonAdMh the RIRILSS ASGRLdREed 0uoNgy ofns! aims 1 to 11,

characterized in that the aliphatic dinitrile used is chosen from

adi ponitrile, fmu@wﬂiywmggﬂd@o@Qe@&yl succinonitrile, malononitrile,
succinonitrile and glutaronitrile and m xtures-thereof, in particular

m xtures of adiponitrila ard/2rg ff rmaiduyt giutmesini dxé | cermoddd) e
et hyl succinonitrile which can be obtained fromthe sane process for the
synt hesi 40of 2&tadiystniits iwashelB . wilrtocsiss taionss dhgnt cobndisfikledns 1 to
12, characterized in that the aliphatic dinitrile used is adiponitrile.
water and 0.40 g of catalyst is weighed out accurately
in a picnometer. The said catalyst is introduced into a
150 ml stainless-steel autoclave fitted with a stirring
system, a heating system, means for introducing
15 hydrogen and reagents and means for measuring the
temperature and the pressure. About 0.4 g of water
(this amount is taken into account in the weight
composition of the 42 g of reaction solvent composed of
90% HMD apd 10% water) is also entrained with the
20 catalyst. The HMD, the water and the potassium
hydroxide (in a proportion of 0.05% by weight of the
reaction mixture) are loaded into the autoclave, under
an argon atmosphere. The autoclave is flushed with
nitrogen and with hydrogen. It is then heated and is
25 kept at 25 bar of hydrogen (by means of a hydrogen
tank) . The system for recording the hydrogen pressure

in the said tank is switched on and 6 g of AdN are

rapidly injected. The hydrogenation is continued until



8 APRIL 2002 23 19. Process according to one of clains 1 to 13,
characterized in that the catal yst used consists of a catalyst based on
Raney ni ckel and/or on Raney cobalt, optionally, but prefer 8ARBRILEIARri sing
a doping 5 element chosen fromthe elenments Fromgroups Ib, Vb, VIb, VIIb
and VII1 of the Periodic Table of the El ements as published in the Handbook
of Chem stry and Physics, 51st Edition (1970-1971). 15. Process according
to claim 14, t@Bechanaanptiized din hyliatodere toet adndtd based on Raney ni ckel
and/ or on Raney cobalt conprises, besides nickel or cobalt, one or nore

ot her doping el enents c ABee RbovemtetRtorisgant itethiauh . rmlytkid%rmm t ungst en,
iron, zinc and copper. 15 16. Process according to one of clains 1 to 13,
char act eri zed AR h¥i thh& reghaRpgie Y| d6d a(ﬁ)h@eéfslrbf'rea‘“rréf Andr R grlrip VI I |

of the Periodic, Table of the El enents su t heni um hodi um ni ckel or
cobalt, deposPEB&Yo }? 88 uppE t&%‘ﬁ &rney E‘Pr d‘j]ld—'g‘ 2P it has,

si li cas, - gl uniigsipLgatespikalym dhxidg . &y %Onayongeonxatdfoffr Bgnesi um

g 137/3@?3?0}%%%@%%] é]90§]1(:a] ca ﬁég% cﬁg%:]%m%']L %C%Q%eg] ca ca cég] Q;/Tga] ca

]Ca]Ca]Ca]Ca]ﬁ@h@?]ﬁ@]cﬁhﬁaactlv1 ty of the spent Ni represents 40%
Ul c”ral] caU] ca] cRaJ ca! f T[\ } ~E} xsnhc”Y] c] ca] ca] caU] ca] ca]ca] ca] ca]ca]ca] ca]ca
] ca] ca] ca] ca] e@] eakcakeakdalcalfc &healfarlstnlnga] cal ca] ca] cal cajcal 1 2
The chemical consumptiee of Ni corresponding
10 to its loss of "normal" activity due to its use as a
hydrogenation catalyst is calculated by the product of
the amount of Ni loaded (6.4 g) multiplied by the
difference in activity before and after Test C (1-0.4),
the result being divided by the amount of AdN
15 hydrogenated in the said Test C (1216 g) and is
expressed in kg of Ni/t of AdN converted.

This "normal" chemical consumption is 3.1% kg

of Ni/t of AdN.

EXAMPLES } TO 3
20 The tests are carried out in apparatus as
described in Figures 1 and 2.

The hydrogenation is carried out on
adiponitrile, the solvent consisting of water (8% by
weight relative to the adiponitrile used). The catalyst

25 is a Raney nickel containing 1.8% by weight of chromium
dopant relative to the weight of Ni. 15% of catalyst
are used relative to the reaction mixture.

The supply rates of the adiponitrile, ¥ the
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"TU} xrmhc”Y] c] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Uzz{ $%abl 12WKT3} xsni B APR]Y 2002 a] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
cal ca]ca] ca] ca! 3c8sU'#Z[ "~ _ntuw

{vgl gb] W U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal cal call cal eakenl caked) cakialoalhalNUS TPty Slasal fh 7 Lhcal cal cal cal
ca] ca] ca] ca] ca] ca] ca] caJca] ca] ca] ca] ca] ca]ca] calJcalca ca ca] caJ ca] ca] ca] ca]
ca] ca] ca] ca! 0|"’norm§'1W' ﬁ'e'actﬁ.#)ai’cl%n (wear) of the catalyst, and of
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alcal 7777777(8"8888B9099999; <: ":s:t:

| wr mhcAY] U] | cEPEELES] O¥Fcafhs] @&PE&G] o é‘a‘]%’ﬂr@a']%]ccfa]@aﬁ] ca] ca] ca] ca] ca] ca
] ca] ;3] 22]<(|;21353£ L&E%&i]g<i %@ ?\%]N al T:’h%’ %’e 'ectivity towards

S sl e gl pakeahedl aaledlesloal o %%bﬁs_i%%ﬁ] Fglsalcalca
z‘f:fé;FSEaBEi%%ﬁc PSS L R R M S Al %ﬁ%ﬁ%&iﬁ alcal
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5 process of the invention thus allows the continuous

hydrogenation of dinitrile into aminonitrile without

deactivation of the catalyst other than the normal wear

of the said catalyst.
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15 zone, with recycling of the solid decanted off in the
hydrogenation reactor with a residence time of less than
30 minutes of the solid decanted off in the said liquid-

solid separation zone.

20 2. Process according to claim 1, characterized in
that the gas-liquid separation is carried out in
apparatus formed by a vertical cylinder comprising at
least one supply, from the hydrogenation reactor, of the
hydrogenation reaction medium, this supply being arranged

25 tangentially on the vertical cylinder, and at least one
recycler of the degassed reaction medium into the
hydrogenation reactor, this recycler being arranged
tangentially on the vertical cylinder at a position below
that of the said inlet.
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5. Process according to one of claims 1 to

10 4, characterized in that a portion of the catalyst
recycled from the solid-liquid separation zone in the
hydrogenation reactor is replaced with fresh catalyst.

6. Process according to one of the
preceding claims, characterized in that the residence

15 time of the decanted solid in the liquid-solid
separation zone is less than 15 minutes.

7. Process according to claim 6,
characterized in that the said residence time is less
than 5 minutes.

20 8. Process according to one of the
preceding claims, characterized in that the gas
separated in the liquid-gas separation zone is recycled
into the hydrogenation reactor.

9. Process according to one of the

25 preceding claims, characterized in that the
hydrogenation reactor comprises one:or more U-shaped

tubes whose branches are vertical or slightly inclined

relative to the vertical, one of the branches of each U
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11. Process according to one of claims 1 to
10, characterized in that the aliphatic dinitrile used
is chosen from the dinitriles of general formula (I):
NC-R-CN (I)

15 in which R represents a linear or branched alkylene or

alkenylene group containing from 1 to 12 carbon atoms.

12. Process according to one of claims 1 to
11, characterized in that the aliphatic dinitrile used
is chosen from adiponitrile, methylglutaronitrile,

20 ethylsuccinonitrile, malononitrile, succinonitrile and
glutaronitrile and mixtures thereof, in particular
mixtures of adiponitrile and/or of methylglutaronitrile
and/or of ethylsuccinonitrile which can be obtained
from the same process for the synthesis of

25 adiponitrile.

13. Process according to one of claims 1 to
12, characterized in that the aliphatic dinitrile used

is adiponitrile.
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from chromium, titanium, molybdenum, tungsten, iron,
zinc and copper.

15 16. Process according to one of claims 1 to
13, characterized in that the catalyst used consists of
a metal from group VIII of the Periodic Table of the
Elements such as ruthenium, rhodium, nickel or cobalt,
deposited on a support which is an oxide, such as

20 aluminas, silicas, aluminosilicates, titanium dioxide,

zirconium oxide or magnesium oxide.



