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%166166* PROCESS FOR REGENERATI NG A HYDROGENATI ON CATALYST AND PROCESS FOR
HYDROGENATI NG COMPQUNDS COWPRI SI NG NI TRI LE E~TTI Tf ' 1TT / 11T 25TAp#i 2602
present invention relates to a process for regenerating a hydrogenation
catal yst, and to _h dro enation processes carried out with a cataly
conpri si ng aWo| 88433 regenerated catal yst. The |nveﬁF?6ﬁRP§V8?§§5nDre
particularly to a 10 process for regenerating catal ysts of Raney
in processes for the total or partial hydrogenation of conpoundsmmmm@mmammun
nitrile functions into amne functions. The hydrogenation of conpoun 166+

compr 15119, 15 o JOH St A B SRR SRl o o, X
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by hydrogenation of adiponitrile in nce of a Raney nick

catal yst. This process is described mﬁdﬁﬂ&%ul ar in US patent ﬂmﬂﬁmmmﬁmwﬂﬂ
O her processes for hydrogenating nitrile or polynitrile compou

am ne conpounds are described in patents US 3 372 195, US 2 287 219+GoddG+2
449 036, §S 3 565 957, THS 3r888n88inventIoNPirell a2@@2td WSpok@Bsld6, US 4
235 521, US 4 254 059 and 95/ 17959. These docunents relate to the

hydr ogenat i oficef regeneratahgphahydrogeasttion, cathdlyistyt @athd Tounsat ur ated,
etc. nitrile conpounds. These patents also relate to processes which are
carried out hmdrbgepaesencprotessksentrried omthwdtdxiadeadad yamoni a. They

are generally carried out with Raney-type catal ysts such as Raney ni ckel or
Raney comprising at least the regenerated catalyst.

The invention relates more particularly to a
10 process for regenerating catalysts of Raney type used
in processes for the total or partial hydrogenation of
compounds comprising nitrile functions into amine
functions.

The hydrogenation of compounds comprising

15 nitrile functions into amine compounds has been carried
out industrially for a long time.

Thus, hexamethylenediamine, a compound used
in particular for the manufacture of
polyhexamethyleneadipamide, also referred to as PA66

20 and known as “Nylon”, is manufactured industrially by
hydrogenation of adiponitrile in the presence of a
Raney nickel catalyst. This process is described in
particular in US patent 3 821 305. Other processes for
hydrogenating nitrile or polynitrile compounds into

25 amine compounds are described in patents US 3 372 195,

UsS 2 287 219, US 2 449 036, US 3 565 957, US 3 998 881,



- 10 cobalt. The preparation of these Raney catal ysts has been described for
along tine, and in particular in US patent 1 638 190 and in J.A C S. 54,

4116 (1932). A preparation process starting wth nickel, nol2agnLz0025 and
alumniumalloy is described in US patent 2 948 887. Raney-type

hydr ogenati on catal ysts whose catal ytic effect is inproved by doping with
other netal elenents have al so been prod%sed. For exanple, US 20 patent 4
153 57S describes a Raney nickel catalyst conprising nolybdenum This

catalyst is eqd Lp particular ucing ,al.deh s tq, al cohol s.
Processes foﬁghgdhgaeﬁﬁkrngspél%gﬁtﬁﬁﬁé Pgnﬁoﬁggs%%é A8fuction of certain
nitrile funchbogﬁ 9 gg gi ve conpounds conprising nitrile and am ne
functions have a éo Beeﬁ proposed. One application developed is the parti al

hydr ogenati on known agLhe aetlmBKiEO9RAAkOR0 Fhelll MRkl 1 es

is
such as 25 April 200 adiponitrile into amnonitriles~™suc 'as

am nocaproni bgi L8ribhesal¥phaetient atoad® 1348 sdeatiichesd, he _
sem - hydrogenation of dinitrile into c~-amnonitrile with hydrogen, in an

aprotic sel vaakatngadBaDNedcnedl i3 eakdmpdulides .pr esence of rhodi um
deposited on a basic support. US patent 5 151 543 describes the

sem hydr ogenati on of diThekeri patenntoadmionaeliatied o proaex@lesenthiidh a nol ar
excess of at least 2/1 relative to the dinitrile, conprising liquid anmonia
or an al kanohréOceomtiednonyg annther piresesce it Iseolyeatenseddifura cat al yst
such as Raney ni ckel and Raney cobalt. Simlarly, patent application WO
93/ 16034 desévrly@gidepaodegsmpatiat-h@h%mwale@@métliyma@fri@d oo trile
into am nocapronitrile in the presence of 15 a Raney nickel catalyst, a
base and a t WakEi RRBRYnEVRE E€8HPIL¥ERLS SuChe 2goBament fickedd ont R&N§Yobl em of
reduci ng_t he consunption of catalyst, either by better recovery or by
recycling? i §° Bitenvisaged. 20 The recovery of the hydrogenation catal yst

is envisaged in the case of conplete hydrogenation by US patent .4 429 159,
whi ch describes a procigg P6F9528§%8§t¥%g %&ﬁ&ykﬁfb eFaggﬁmszﬁ:Rﬁ%rla
carbonate to,redu t ain f  this l.yst._iLn. 5.
hexanethylenggggnggggpﬁg%? %ﬁg gzggpgsfagﬁﬁs%gggééé%gﬁQégﬁggé-Pé%ycled
after washi ngswWhbieWet €7 638S180MakkULG W0 o IesRCatahyst(193235 Apcii 2002

4 Processes for regenerating the catal ysts used in sem -hydrogenation
processes hapepzkparheebndpsetbbed skl rPahgnividPphiekelQnamolrAtndad64 and
15 and aluminium alloy is described in US patent
2 948 B887.

Raney-type hydrogenation catalysts whose
catalytic effect is improved by doping with other metal
elements have also been proposed. For example, US

20 patent 4 153 578 describes a Raney nickel catalyst
comprising molybdenum. This catalyst is used in
particular for reducing aldehydes to alcohols.

Processes for hydrogenating polynitrile
compounds by reduction of certain nitrile functions to

25 give compounds comprising nitrile and amine functions
have also been proposed. One application developed is
the partial hydrogenation, known as the semi-

hydrogenation, of aliphatic dinitriles such as



-WD 9?J37963. The catal ysts are treated with a flow of 5 nitrogen at a
tenperature of between 150C and 400C, in the absence of any liquid or
solvent. After regeneration by treatnent w th hydrogen, the ZBApliy200R are
washed with water to neutral pH and optionally conditioned with |iquid
ammoni a. These regeneration 7.0 processes use a high-tenperature treatnent
which can give rise to partial sintering@of the catalyst. In addition,

t hese processes do not nmeke it possible to recover total catalytic
activity, in particular when the process for hydrogenating the nitrile
conmpounds i sadbpenikréde dptoi pminguiidriddisumucindsnore particularly in the
presence of a basic conpound. One of the ains of the present invention is
to propose a2PpiBeE3BIrPBitrédenclBiSngUE PRGEdtetatditsh 3dd sloparidies he Raney
catal yst type which npkes it 20 possible to recover an activity .

substanti al | §h§qﬁFWéFEXSr?8ePﬁétl°8f of Aiadfrddeaiyde oraninanidydle he
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water or a basFE sol utloé until the final e eluent is 5 between 12

and 13. Accopgap8gtAagnshher BAAfer:edsChaec balinddit A dhgd Rvention, the
process for regenerating the ' catalyst can conprise a hydrogenation of

this catal yskol0anti e auimob¥rt egakisag ofhatcalelatste pnden aa ikedregen 10

at nosphere and at a tenperature bel ow 130C. According to the invention, the
cat al yst canthe ghiadediliadetoaphydiage igiuids pi@tcnilzeicar anmailkazidl ng t he
spent catal yst/basic solution mxture at the reaction tenperature. In this
case, thaoObaspotabningaanmemheznd bheehyidr thenatriesenafe tdfe asperttalyattal yst
are carried out sinmultaneously. In another enbodi nent, the catalyst is

hydr ogenat edsbehoge Rapeyt Bpchelriardnganeih colp@lifasi ¢ aqueous sol ution.
Finally, it is also possible to 20 subject the catalyst, treated with a

basi ¢ sol ution and opt FéRaLP¥1l¥asRe§ento aPRd ISRdAcHe ¥ 96 16083 From t he

oint of view of cost-effectiveness
P descrgbes a process for the semi-hydrogenation of

adiponitrile into aminocapronitrile in the presence of

15 a Raney nickel catalyst, a base and a transition metal
complex.

In the documents cited, the probiem of
reducing the consumption of catalyst, either by better
recovery or by recycling, is not envisaged.

20 The recovery of the hydrogenation catalyst is
envisaged in the case of complete hydrogenation by US
patent 4 429 159, which describes a process for
pretreating Raney nickel catalyst with a carbonate to
reduce the entrainment of this catalyst in the

25 hexamethylenediamine flow. The catalyst thus recovered
can be recycled after washing with water, as a mixture

with fresh catalyst.



and ease of inplenentation, the process consisting in sinultaneously
carrying out the treatnent with a basic 25 a solution and hydrogenation is
preferred. The various characteristics and definitions of the products or
operating conditions described bel ow are applicable to all the erdmﬂb,rﬂbtoi
menti oned above. 25 Aprii 2002 6 The regengr ation process of the
i nvention can be carried out in batchw se or “conti nuous node. The process
of the invention allows a rbe?)enerati on of the hydrogenation or
sen - hydrogenation 5 cat al y§ c&tsslaswfb@rrggégtur e, thus avoiding
deteriorati on of tthgemat A8l or e partic QFFﬁ‘tangedu@t 'bglgailn t he dopi ng
effect of the netal el enents %%ﬂ?‘élmdpi»@céggeR ey catal yst. K§E§rdiseg to
t he i nvention, tqﬁSQ}taitlﬁid/sitr§ L0 whi ch can be'F REP ad bso byethe process
descri bed above _are Raney-ty eﬁ%tal%mm@tcitb&s, for exanple, Raney nickel
and Raney cobal o ?ﬁe@é’%@t_alr ats_can advant ageod‘éq y97o/o“1ﬁﬁé4s%r9pe or nore
ot her el enengs, oH_en referre§l t8a§§1d’§pant3&e w_%h as, for exanple, 15
chromium titani'b Cgen yatenupy gngsten, nangane?&edv&'ﬁadi umflgi”rc?ni um
iron, zinc and rtei,{ﬁgenerally t S Eﬂﬁﬁteffbgagv%[_‘ou s 1B, |VB, | P B, VB,
VIB, VIIB and VI'TI"8t aheerresiqeig Tabl e of the Eenen?3C dmdngsdiese
dopant el enent gegg romum iron and/ 1qqitdir61urgﬂr‘,ea 20 m xture of "t hese
el enents are consi derédisn bei Bge%ﬁﬁ‘ npst advant agetﬂfs dHdeare usual |y
present at a c.gggeﬁgrﬁti on by weig eP&xHﬁéhsﬁgd&ggghi ve to the Raney
ni ckel or Raney co ar e‘i’re‘t’htl) \o&té,_esgothan 10% pr eraBW besalf,ggg 5% 25
Raney cat al yStcSorQ{de(ﬁrb %%Tpl’j se traces o'FeWErQISpprgﬁgné in the alloy used
to prepare the sai cat Yot Thkpisig al um njumi s espec‘? PRablesent in
t hese cat a'qoysps'oceséésAﬁril 2002 ~ Accor difff a0 Trssengfgrred characteristic
of the invention, the b §Fcaaleghuﬁe§,gg%ti on used to treathdfdomtal yst is
a sol ution ofgavkaljge se_or aqueous aﬁﬁﬂﬁ?a.ﬁréhemggs_i & coggound
preferably has a high 5 so?%ﬂ&lysiﬁtg\@% r. Mention may Béchaganot sodi um
hydr oxi de, pcidesisiien hygpoxi de, Iithium yer ki ‘dee oracgpplum hydr oxi de as
basi ¢ conpounds that ‘are sUi t¥isicesskhe dPnggntration of “ani onin this
basic 10 sol ﬁtep@weirstadximkggegusl y bet weén 0 FkeN ianghokQ N, pr ef erabl y
bet ween 0. 02 al and 7 N. The“c8n¥&ier at:i:Q{}iQé wei ght of the cat &onst in the
basi ¢ sol uti 61 Broetseep, 5, and 300 relativé t8 PRetieagkj-op, medium 15 In
vari ant slgorg)({]i sing a treat n%’ﬁ?r%‘?lham‘aﬁt_r,qgﬁ t he reaction rr}éﬁ'llum ei t her

I ish) PR

consists of t %ltSGJrutliiQ*}li%fd t he cat al ys?lté’él&smmmq]@fpo.ve, or
consi sts of ¢ghe sgent cat al yst “al fkdivr, efnd b,%r%at al yst treat edSnith the
basi c sol ution A Sgpceondl hY bag; Partlcularly i

icC comPOUnd_ n



. 20 washed. The reactor .is placed under a partial pressure of hydrogen
advant ageously of greater than 105 Pa. The reaction nediumis then heated
to a tenperature below 130C, preferably between 100C and 13Q6, Aprilr2082t i ne
which is determ ned experinentally 25 and by precalibration of the process.
This time is of the order of a few hours, advantagebusly between 1 hour and
10 hours. 25 April 2002 8 In order to &llow an exchange with the hydrogen
contained in the reactor, the reaction nediumis advantageously stirred.
Needl ess to say, other processes for supplying hydrogen, such as bubbling

or a 5 packi colum, .may. be,used to carry out this treatnent w thout
departing frg’%mvtlﬁg i Ay &R Sh. lPIB\/\/e?féch,ert?r’éthJfo’i‘ h&Tad9anrthges R h8-Blocess

of the invenkbon1i,s khdhtaihingokese i mikAsSiD! gt 0z ORI @ B eséwﬁ
treatnent with a high regeneration yield wthout the need for 10 conplex
processes tolpPofpf@d Hdesoagdtinget ke nt x¢rt ¢g deagehyahdvibe eataryst.

After the catalyst;bas, e W a hC | utd o nd, -has .
optionally undergo%e a h;ﬁgéggngb?g%, % igqgéghéggeg%iag?gdq?f%ﬁ¥ihés
medi um 15 cor bebreent iat eddi A3t.hi s nedi um by the usual concentration or

separation techniques such as, for exanple, filtration, decantation,

centrifugation, evapor aididing & lddSthdPpret et ysd cRasasePpi gL £d out or

concentrated is subjected to a washing step in 20 order partially to renove
the basic sobft itk dmredtS®rAlHdpidtuLsd tfes Bdgeor@oingscdi ch 1im t

the activity of the catalyst. This washing operation can be carried out
W th water okamiafllysa dianitooniasise solhdosgeddieisreasbnc2bs festahyscj s t hat
t he washi ng operation makes it possible to renmove all the inpurities, but
must nmai nt ai catyé egdHooft tye toatati ivey  the acatsd yestabovded 22 hy@Boggmi | 2002 9
advant ageously between 12 and 13. This pHis nonitored

10 atmosphere and at a temperature below 130°C.

According to the invention, the catalyst can
be placed under a hydrogen atmosphere before
maintaining the spent catalyst/basic solution mixture
at the reaction temperature. In this case, the basic

15 treatment and the hydrogenation of the spent catalyst
are carried out simultaneously.

In another embodiment, the catalyst is
hydrogenated before the step of mixing with the basic
aqueous solution. Finally, it is also possible to

20 subject the catalyst, treated with a basic solution and
optionally washed, to the hydrogenation step.

From the point of view of cost-effectiveness
and ease of implementation, the process consisting in
simultaneously cafrying out the treatment with a basic

25 a solution and hydrogenation is preferred.
The various characteristics and definitions

of the products or operating conditions described below

are applicable to all the embodiments mentioned above.



by neasuring the pH of the washing waters. Thus, in one preferred

enbodi nent, in particular when the regeneration process is carried out 5
continuously, the washing solution is a basic solution wth Z AgficzooRr at i on
of between 0.01 N and 0.1 N. The catal yst thus regenerated can be used .
either alone or as a mxture with fresh catalyst in processes for the

hydr ogenati on of conpounds conprising 1& nitrile functions. A subject of
the invention is also a process for hydrogenating conpounds conpri sing at

| east one nitrile function into am ne conpounds, for exanple as described
in patent application Te9o5é48888atibnThrecpsecefsthensngenthonethy in
adding the nitrile conpound to a reaction nmediumin a concentration by

wei ght of bepgeearviediontnini3basebwispyert gonhanuongl madeght of the
reaction nedium The reaction mediumis a_liquid nmediumwhich 20 contains
at |east one solvent. ThesPreaesfoffnEhrPuATHEREAPRGBLLSNY Bontains water in

an anount preferablg of Ieﬁs %hag ar egual,to 50% g[eferentially bet ween
0.1% and 1595 SBSNGERGHPT Ph GBGiI PYOROBE ARECHaPEr SR sBYJERBEBRALERB 25

| cohol apd/ i de t b i ded h_as.methanol , et hanol
pr opanol . >i SERFObAROI 2 bEPAAOPTEGFIESFE:  BBRJORYOIAAGL hy! T or mani de or

i ot hy) acet gl dg YMEOGNALE ciha BLESTOLY { Hb3coBLYRRLy) 23 AR | 2002 10

represents 2 per part o presen n one

preferred enpoghEnLy iHetgéaﬁﬁ%Qﬂg”E@kHHhab§0tﬁ8”Hékéfs%ﬁggeﬁﬂkne whose

preparation 1s 5 targeted by t ydrogenat i on process. I'n the case
of the hydrogsnehifedoinagdh8oRhhel! eatR9shexamet hyl enedi ami ne, the process

is carried out in the presence of hexanei hyl enedi am ne.
According to the invention, the catalysts

10 which can be regenerated by the process described above
are Raney-type catalysts such as, for example, Raney
nickel and Raney cobalt. These catalysts can
advantageously comprise one or more other elements,
often referred to as dopants, such as, for example,

15 chromium, titanium, molybdenum, tungsten, manganese,
vanadium, zirconium, iron, zinc and more generally the
elements from groups IIB, IVB, IIIB, VB, VIB, VIIB and
VIII of the Periodic Table of the Elements. Among these
dopant elements, chromium, iron and/or titanium or a

20 mixture of these elements are considered as being the
most advantageous and are usually present at a
concentration by weight (expressed relative to the
Raney nickel or Raney cobalt metal) of less than 10%,
preferably less than 5%.

25 Raney catalysts often comprise traces of
metals present in the alloy used to |prepare the said
catalysts. Thus, aluminium is especially present in

these catalysts.



. The concentration by weight of amne is 10 between 50% and 99% by wei ght
relative to the total weight of the solvent in the reaction nedium The
reaction medi um advant ageously conprises a basic conpound wpsmgiieooat al yst
is of the Raney type. 15 This base is present in a concentration of greater
than 0.1 nol/kg of catalyst, preferably between 0.1 nol/kg and 10 nol / kg.
The hydrogenation reaction is carried out by maintaining a suitable
pressure of hydrogen in the 20 chanber, i.e. a pressure advantageously of
bet ween 0.10 MPa and 10 MPa, and a reaction nmediumtenperature of |ess than
150C, preferably | ess BAheprdingqtal one pEeCertied abevectesdiessd ©fgi ven by

way of 25 illustration. The invention can also apply to other processes in
whi ch the hythegénuensaons ther begicuadueouise spladdere usedameptirgat or
exanpl e. 25 April 2002 11 A subject of the invention is also a process

for seni-hydEBgefRatrhystodfoandelisipn oifnglimlisgsbagfo o BEUSOYsUNct i ons,
in which at | east .one gkphile function js reduced to an ami.ne function. 5
i

Such processB¥Mgpdaysd agafFt COMPRMIE PLEFE TR &8s 218 noni tril e

conpounds _whi ¢ on.cyclizing hydrolysis, give |lactans. These | actans are
mononers > fSPTPHéTﬁgﬁuﬁgcfﬁggrzf hormopol yani des. Thus, one of the

i ndustrialized applicaﬁgggio Omk QemE%%“E§CE§B3u91h&%QB%i tam which is

a nononer for polyam de obt ai'ned by s€em -hydrogenati on of ddi ponitrile

i nto am nocaprenlbi bhengAtoRie ZnISHIVH Aliiositle UM SapaIRRUnd into:

caprolactam “This process is describe articular in 15 patent

appl i cati onspY@r-8%4 46034, p¥Q:i¥3cbEPLandRd tHats a¢48 s(dRabili s process uses

Raney ni ckel as catal yst.
The concentration of anions in this basic

10 solution is advantageously between 0.01 N and 10 N,
preferably between 0.02 N and 7 N.

The concentration by weight of the catalyst
in the basic solution is between 5% and 30% relative to
the reaction medium.

15 In variants comprising a treatment with
hydrogen, the reaction medium either consists of the
basic solution and the catalyst as described above, or
consists of the spent catalyst alone, or of the
catalyst treated with the basic solution and optionally

20 washed. The reactor is placed under a partial pressure
of hydrogen advantageously of greater than 10° Pa.

The reaction medium is then heated to a
temperature below 130°C, preferably between 100°C and
130°C, for a time which is determined experimentally

25 and by precalibration of the process. This time is of
the order of a few hours, advantagedbusly between 1 hour

and 10 hours.



. Thus, in this process, adiponitrile is added to a reaction nedi um
conprising an al kali ne base and/ or aqueous anmoni a, hydrogen, a Raney
nickel catalyst and 20 a transition netal conplex. The reacty®RpAPSYgEM can
contain a solvent such as an al cohol. The catalyst is either dispersed in
the reaction nmediumor supported on a fixed bed. |In another enbodinent, the
Raney catal yst 25 (nickel or cobalt) car8 be treated with an al kaline

al koxi de, it being possible for the~hydrogenation reaction to be carried
out in the absence of water and in the presence of an aprotic solvent such
as 25 April 2002 12 tstpabgdr 6burddowdaoxgnehaabiepwatihc tiieani nes,

al cohols or ethers. The sem -hydrogenation process can also be carried out
usi ng a RanehY8apgerpseontahngd RAn&RenreREEOs, c5hpr KeRfg igndspditume| ement
as defined previqusly. In this process, the_hydrogenation nedi um conprises
water in a pFEpG@YPB%aSFOHF1Ve§gﬂr6¢§%)H?eﬂéﬁﬁﬁttPePéVPthPGIthe t ot al
anmount of |iquid conEoEnds in the regption medi u aniggg%htile and/ or

di ami ne 10 fBFREGSEGSt AT hFUPBI¥ARE: B¥Ar2HE unE8PePfe % °Foffpound.

RN TR o S St e

. 1
al kal i ne ydPOX|aegpresen in rati on o rom

ol Tk of Calabyshe dBphRcihEse BRORESThvehBeohal AbYLECABEORT St of @

m xture of fresh catalyst an cataly regenéerated acéording to the

process of tRgei BUGARtQBes! brl $hal pRoRRES! Breche Y5GeARlibn? ikCpRR at ed
catalyst. The nitrile cdonpounds which can be totally or 20 partially

reduced by the paReessespebstibiel B¥EBbLAANARE, elfY cWRY val t@eaRRat ,
a,c~-dinitrile conpounds conprising a |inear or branched aliphatic chain of

1 to 12 carbaetitht anhighucbganezdtpon ytield, withbyk ghet aeed o e, et hyl
succinonitrile, malononitrile, 25 succinonitrile, glutaronitrile or a
m xture a0 t hosplesnpoondsses to promote the contact between the
hydrogen and the catalyst.
After the catalyst has been treated with a
basic solution and has optionally undergone a
hydrogenation, it is either extracted from the medium
15 or concentrated in this medium by the usual
concentration or separation techniques such as, for
example, filtration, decantation, centrifugation,
evaporation or the like. The catalyst thus separated
out or concentrated is subjected to a washing step in
20 order partially to remove the basic solution and also
all the impurities and compounds which limit the
activity of the catalyst.
This washing operation can be carried out
with water or with a dilute basic solution. The reason
25 for this is that the washing operation makes it

possible to remove all the impurities, but must

maintain the pH of the catalyst at a value above 12,



" In general, the catalysts which can be regenerated by the process of the

i nvention are 25 April 2002 13 advantageously used in conmbination with a
basi ¢ conpound in processes for hydrogenating nitrile conmpoywsdgprii@ober
advant ages and details of the invention 5 will energe nore clearly in the
i ght of the exanples below, which are gyven purely as a guide and wth no
limting nature. Exanple 1. Regeneration of a Raney Ni catalyst used in 10
a process for hydrogenating adiponitrile (ADN) to hexanet hyl enedi am ne
(HWD) The hydaegetabeonsaly deicperint ni2l @andARN). iThiGAPH eith GinitSded a

catal yst based on Raney nickel 50 (doped with 1.8%cr and 1% Fe) in the
presence of by keasukdingnehley @ioxifde heustasds n§OWaared/sor NaOH, according to
the process described in patent WD 95/17959. Wen the activity of the
catal yst is no | onger Faussfaot ong foae feamest tembasligiardt i am of t he

adi ponitrile hydrogenation process, it is separated 20 fromthe reaction
medi um i n or @artiguBars whene thce Fegerer@tiPn PHAReSs deesrpriqdout
invention. The catalyst treated in . the present exanple has an activity

equal to 30UFORERECRELYYi EPCotashd N SRR st 2 PRSI IRV the
catslvats U dpier o 2 by e oblow g 3 apdy dige catgl T c test:
R I e B LS
FL) oot BUENEQULIRER U Ben s\ ST DS S ans
moni toring t beoRelaRe FakULfed BYdReR4S or NN EMPduride &R ¥sing
10 nitrile functions.
A subject of the invention is also a process
for hydrogenating compounds comprising at least one
nitrile function into amine compounds, for example as
described in patent application WO 95/19959.
15 This process consists briefly in adding the
nitrile compound to a reaction medium in a
concentration by weight of between 0.001% and 30%
relative to the total weight of the reaction medium.
The reaction medium is a liquid medium wﬁich
20 contains at least one solvent. This reaction medium
advantageously contains water in an amount preferably
of less than or equal to 50%, preferentially between
0.1% and 15%, by weight.
In addition to the water, a solvent of the
25 alcohol and/or amide type can be provided, such as
methanol, ethanol, propanol, isopropanol, butanol,

glycols, polyols, dimethylformamide or

dimethylacetamide. When water is present, this solvent



- about 0.4 g of -water is also entrained (this anount is taken into account
in the weight conposition of the 42 g of reaction solvent conposed of 90%
HVD and 10% water). The HVD, the water and the potassium hyds@firiieod® (in a
proportion of 0.05% by weight of the reaction mxture, i.e. 0.8 nol KOH kg
Ni) are |oaded into the autoclave under;gn argon atnosphere. The autocl ave
is purged with nitrogen and hydrogen. It is then heated to 80C and

mai nt ai ned at 25 bar of hydrogen by neans of a 15 hydrogen tank. The system
for recordinﬁepb@séﬁdéogeaopaeﬁagt@ by Weeghti get-aplrks oFWishelked on and 6 ¢
of ADN are rapidly injected. The hydrogenation is nonitored up to the end
of consunptipnhesénbydrogen. The initial rate of hydrogenation obtained 20
with the spent and regenerated catal ysts are conpared with that obtained
with fresh Raney Ni 50Inandet peefieriredt ymbbdameatal yhe reagtien by t he
following formula: Initial rate with the catalyst Activity of the catal yst
= x 100 I ni tnedivmt @lapt hompriheRahby RMiBe fBoThepypparataval st above is
m xed with 6 N sodi um hydroxjde solution in order ~o obtain a mxture 25
April 2002 152naeted Priethe| hydragenarpes Profess -mAbys. 18n82hKI /6 N NaOH.
This mxture is loaded intgq a 500 M round hottoned_flask and refl uxed for
3 h at 105C GR¥® 8fstherPrgrogrBatiry ¢St 20dPPRALTHEENABtRI t h water to a pH

|t bout 12.5 i der .t id i pitati f th di
alumi nates | REFABEPRYAPBFILROING ulier PROGFSR dsCagsi8g PYtavsi e

deactivationggéiéggeggfcg&géﬁﬁghggééggig#ghgge. The pHis nonitored by

measuring th € Wwas e activity of the catalyst for

t he manuf acture of HN[&H@iEB?EgﬁEgQ%ﬁoh bgggg# he g@%%aghgrigegeneration.

S
15 Exanpl e 2: Regeneration o ney Ni st used I n a process for

sem - hydj ggepati88nadbR0/ha! bbg HHDN:iHRE0 raThReGaPEBNLHE! ket6ACN) The
catal yst used in a process for sem 20 hydrogenating adiponitrile into

ani nocapr oni {y&i§BRr COrr tR 88lvendeint BRec@Bdictionsmdasam.bed in patent WO
93/ 16034 is a Raney nickel which is identical to the one described in

Exanmpl e 1. The spent cahal yehcteonveeddumaadannaagevus] y2ooagakeso 10% of
that of a fresh catalyst. This catalyst is mxed with 0.05 N sodi um
hydr oxi de sohubasici npoopdendt whebt the gaspdyst is of the Raney
type.
15 This base is present in a concentration of
greater than 0.1 mol/kg of catalyst, preferably between
0.1 mol/kg and 10 mol/kg.
The hydrogenation reaction is carried out by
maintaining a suitable pressure of hydrogen in the
20 chamber, i.e. a pressure advantageously of between
0.10 MPa and 10 MPa, and a reaction medium temperature
of less than 150°C, preferably less than or equal to
100°C.
The above process is given by way of
25 illustration. The invention can alsoc apply to other

processes in which the hydrogenatioq is carried out in

the presence of ammonia, for example.



catalyst/liquid phase weight ratio equal to 20/80. 25 April 2002 16 This
m xture is introduced into a 1.3 1 stainless steel autoclave equipped in a
simlar manner to the 150 m machi ne descri bed previously. TScAprid200@r i s
~ pressurized to 20 bar with 5 hydrogen, stirred at 500 rpm and heated to
120C. A high gas/liquid transfer is notimecessary given that the solubility
of hydrogen under the regeneration conditions is sufficient. After 1 h at
120C, the reactor is cooled rapidly under hydrogen and the 10 |iquid/solid
m xture i s renoved. ThR sabjkyst oif s theednwasitddnc det algoual procelss0. 05 N
NaOH sol ution. The activity of the catal yst before regeneration is 10s, and
after regenefari seamihhgdidgevakingy compeyndls comprdsiof ale leassh cat al yst,
i.e. about 100% Exanple 3: Regeneration of a Raney Ni catalyst used in a
process for ﬁyGngéﬁgE?néuaGFa@ﬁﬁbr#PeWPADN)ﬁtnﬂéag@ pagamitEylenedi ani ne
(HVD). The sgent catal yst of Exanple 1 was subjected to a regeneration
accor di ng t ot YRELHpPBceEsTREYERALER AR BRERS &URCtiRE sodi um hydr oxi de

sol ution paving a concentration of 3 N instead.of 0.0S N. 25 _The activity
of the regenerated cat P8t PFOCESESF £ ML RATEAEU aLaf Ry S8 25

il 2002 17 Le 4. R .at . f Ra i, I d
ohocess for SET BRBUP oGEnAPIRGAAF bof: CPMPETABGILAG S RECIREGRE r 1 o
Al d h di,am t j f 5
hyar bgonat i niabe LERERE T RN TathBnse Frkde” 185 LRSS [ O O5 154
543 are regepgiatgd ggﬁggggggrgookhgogb%§g§%ngg§%[ibed in Exanpl e 2 above.

The spent catal ysts are obtained fromti nthesis of ACN and fromthe
synthesis of HVD and 18nhtiBei bnacbifvichy iisad@trand ike% appiReakiivelsy, which

activity after regeneration, is equal to that of the fresh catal ysts.
10 is the manufacture of caprolactam, which is a monomer
for polyamide 6, obtained by semi-hydrogenation of
adiponitrile into aminocapronitrile and cyclizing
hydrolysis of this compound into caprolactam.
This process is described in particular in
15 patent applications WO 93/16034, WO 93/12073 and US 4
248 799. This process uses Raney nickel as catalyst.
Thus, in this process, adiponitrile is added
to a reaction medium comprising an alkaline base and/or
aqueous ammonia, hydrogen, a Raney nickel catalyst and
20 a transition metal complex. The reaction medium can
contain a solvent such as an alcohol.
The catalyst is either dispersed in the
reaction medium or supported on a fixed bed.
In another embodiment, the Raney catalyst
25 (nickel or cobalt) can be treated with an alkaline
alkoxide, it being possible for the jhydrogenation
reaction to be carried out in the absence of water and

in the presence of an aprotic solvent such as



1 25-April 2002 -18 CLAIMS 1. Process for regenerating a catalyst of the
Raney catal yst type characterized in that it conprises 5 m xing spent
catal yst with an aqueous solution of a basic conpound havi n@5ARAA002i On
concentration of greater than 0.01 nol/1, nmaintaining the mxture at a
tenperature ' bel ow 130C and then washiRg the treated catal yst with water
or a basic solution until the final pH of the 10 eluent is between 12 and
13. 2. Process according to claim1, characterized in that the basic
aqueous sol utie@frahydoFelrani, 0didkatlekalaliphaie @iaaduesys aasohdlas 3.
Process according to claim1, characterized in 15 that the basic aqueous
solution is arselthkeren of sodi um hydroxi de, |ithium hydroxide or caesium
hydr oxi de. 4. Process according to one of clains 1 to 3, characterized in
that the washing is cafMhieedemit- hydrogensgdiommpyydess densellsio e havi ng a
concentration of 20 between 0.01 N and 0.1 N. 5. Process according to one
of clains 1 rerxrieghsuscuginged Ransyatcativd ysfeucdaed Ramewn md okatlal yst
treated with a basic solutjion and _optionally 25 April 2002 19 washed, or
the spent ScaCeMp¥isiag @ demasts edsmanitosnidabineddrevd ds1at-t er
mai nt enance at a tenperature bel ow 130C is_placed under a hydrogen
at nosphere and brought o tRife BF&RSFe B8 & %.naf@“e.m%gs
according to claimb5, charact.erized in Qpat tQ@ qjﬁyur Qp@$aining t he
catal yst to GE"PFESEEd WAL iift &y PEPPBEGERs Stallor S O °dndYof t he -
precedi ng cl g charagt.eri zed i t r r At IS
carried out %ﬁ gﬁt?%ﬁ%ﬁé%%}%%hf%ﬁ3ﬁ22£ﬂbgﬁr&§#:Eggggéghéggggﬁgﬁgﬁﬁ% one of
the preceding ClegleMb.e AR IRIIIZGHH Ianila]i 18 o AHE Aila@fi oy Wei ght of
spent catalyst in the 15 catal yst/basic solution mxture is between 50 and
300 rel atjigve foRnlclde B XHE ydFod¥rRAaTh A6 UGrive reRR @fitgliaids 1 to 8,
characterized in that the catal yst of Raney netal type is chosen fromthe
group conpri HoigoBadeY TheC k@lactQ cinthddangy adealdompld s acegsaarcording to
one of clains 1 to :

inorganic base, i.e. an alkaline hydroxide present in a

concentration of from 0.1 mol/kg to 3 mol/kg of
catalyst.

15 In these processes, the catalysts can consist
of a mixture of fresh catalyst and of catalysts
regenerated according to the process of the invention.
It is also possible to use only a regenerated catalyst.

The nitrile compounds which can be totally or

20 partially reduced by the processes of the invention
are, by way of example, a,o-dinitrile compounds
comprising a linear or branched aliphatic chain of 1 to
12 carbon atoms, such as adiponitrile, methyl
glutaronitrile, ethyl succinonitrile, malononitrile,

25 succinonitrile, glutaronitrile or a mixture of these
compounds. i

In general, the catalysts which can be

regenerated by the process of the invention are



9, characterized in that the Raney catal yst conprises a dopant el enent
consisting of an elenent fromgroups IIB, IVB, |IIB, VB, VIB, VIIB and VIII
of the Periodic 25 Table of the Elenments. 11. Process accor diggpdilcopai m
10, characterized in that the dopant elenent is chosen fromthe group
conprising titanium chrom um zirconiung 25 Aprit 2002 20 vanadi um

nol ybdenum nanganese, zinc, tungsten and iron. 12. Process according to
one of the preceding clains, characterized in that the catalyst is 5 used

i n conbi nat i advanthgaohaliyc uesedpdundonibinae ikydwdgenat ibarsifeacti ons. 13.
Process for hydrogenating conpounds conprising at |east one nitrile

functi on i nt componadcanppurdssselafact dyidzegenattimgt nittnides a catal yst 10
conprising up to 100s by wei ght of regenerated catal yst according to one of
clains 1 to f2mpeundprocess for sem -hydrogenating compounds conprising at
| east two nitrile functions into amnonitrile conpounds, characterized in

that it uses a 15 cat aP§bercaRyrRERassupndo detad Lisy afeitdist isrvendg@rer at ed
catal yst according to one of clai 5.to 12. .15, Praocess according to
a9 B0 THLLC baeRaBoReTeaSiRot: itk o diaiia Soni SHATEHAR | | o
functions is,chosen fromthe group conprising_a, m.20 dinjtr.il e _conpounds
conpri si ng abF?ﬁgar w%'l;cggr gﬁ&hg&vgﬁ PRASLY &faith gblfl%f taﬁlrylfl&h Bh at ons,
such as adi p?@inti'i:iih , oJefhyl glutaronitrile, ethyl succinonitrile,

mal ononitril e; succrnonitrile, glutaronitrile or a m xture of these

conpounds. . AY. Ah . ALE. As
. AU9. ALOR A{9Y. AsU 2. A{L. A"9. A h&% AS{9. A" L% AL. AL_. ALL. AL9$. AA. Au. As6l Ky. /

HS | gb] XS . ;
crallca U coaobparatt] CRaC call co) cou) Catleat) ca S8a oy o cal ealea

@ w mhca¥cah] pgbeakeakes] bghtapbeahtaheahddpoali¢alidal qadhgalkea] ca) ca] cal cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal GHcdstx Q
hexamethylenediamine (HMD)

The hydrogenation of adiponitrile (ADN) is
carried out using a catalyst based on Raney nickel 50
(doped with 1.8% Cr and 1% Fe) in the presence of an

15 alkaline hydroxide such as KOH and/or NaOH, according
to the process described in patent WO 95/17959.

When the activity of the catalyst is no
longer satisfactory for correct exploitation of the
adiponitrile hydrogenation process, it is separatea

20 from the reaction medium in order to be regenerated
according to the process of the invention. The catalyst
treated in the present example has an activity equal to
30% of the activity of the fresh catalyst.

The activity of the catalysts is determined

25 by the following standardized catalytic test:

About 1 to 2 g of Raney Ni paste is taken and

washed 6 times with 50 ml of distilled water. Exactly

0.40 g of catalyst is weighed out in a pycnometer. The
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10% & ()-@o%& ()- 10%& ()-@ovw& ()- 10%& ()- 10%& ()- &
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dEbC *10% & () - (10%& () - S&10% & () - $f 10%& ()-"s10%& ()-! 10%& ()-
VMIEbCS 109 8lqt)ivd13oas (3) <BtElyst ()s @L0AE8 'Ly the following

. 10%& () - @MLO%& () - MhCR&s10% & () - y#LS109%& ()- 10z 10z 10z@
109 & () - SOYIoa®sIl@):- 710%& ()- ,zX6bC ( 109& ()-T!(

10%: () - T (L: ! 109 ()G ! I | 109@iliyl rGte wiRakeZatdlysy)!

10% () - ¢! }opﬁ_@{vit@ Ike)c @@ﬁ%tz&)rate with fresh Raney Ni 50 x100

25 The spent catalyst above is mixed with 6 N

sodium hydroxide solution in order éo obtain a mixture
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10zS; 10% & (NaQ¥y100&& ()-f7s10%& ()-510%& () - AFz[ 9nbCl ! (" & 109& () -3
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10 10';Ll. 109 ()-!; LIFPifoddXEneoshst 99 IS A SRE ) xPE 1098 () - 3
Ler(tdEMRL, 10 1010%2 & (). 10% & ().- ,

10fyé&' ()-, 10 &iﬁﬁ?%ggfé‘%‘&'%]d?ﬁgé%‘%ﬁ&'fﬁlﬁ 3 R ALAARED it

1010% &' (%- s%gg@gi - £10%& ()-f 10%r& ()-

@1 10%& () - I0%& (- #4#$T$i $ShodEMP1 10 10

(1/%&/208/:'28& i (829-10‘%;0(()/()2%1(()2’};5‘! % % ?éiﬁ‘%ééﬁ&ééflﬁ?f’afg‘efoé‘fith water to a
IO () ISI iy D) 188 AT el ] prccipiapor
10z9310% &' ( p£7the%B&d(hm aXumindtedbEl@ thel lf oV f( )a1bumkiQi4Rant ) - |
109 ()-109%&' ()-109%&' ()- 109%& ()-(
trihydroxides, so as to avoid deactivation of the
10 catalyst during storage. The pH is monitored by
measuring the pH of the washing waters.

The activity of the catalyst for the
manufacture of HMD which was 30%, is equal to 90% after
regeneration.

15
Example 2: Regeneration of a Raney Ni catalyst used in
a process for semi-hydrogenating adiponitrile (ADN)
into aminocapronitrile (ACN)

The catalyst used in a process for semi-

20 hydrogenating adiponitrile into aminocapronitrile
carried out under the conditions described in patent WO
93/16034 is a Raney nickel which is identical to the
one described in Example 1.

The spent catalyst recovered has an activity

25 equal to 10% of that of a fresh catalyst.

This catalyst is mixed with 0.05 N sodium

hydroxide solution in order to obtain a spent

catalyst/liquid phase weight ratio equal to 20/80.
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5 hydrogen, stirred at 500 rpm and heated to 120°C. A
high gas/liquid transfer is not necessary given that
the solubility of hydrogen under the regeneration
conditions is sufficient. After 1 h at 120°C, the
reactor is cooled rapidly under hydrogen and the

10 liquid/solid wmixture is removed.

.1 >IplldEbC

, @

The catalyst is then washed continuously with

0.05 N NaOH solution.
The activity of the catalyst before

regeneration is 10%, and after regeneration this

15 activity is equal to that of the fresh catalyst, i.e.

about 100%.

Example 3: Regeneration of a Raney Ni catalyst used in

a process for hydrogenating adiponitrile (ADN) into

20 hexamethylenediamine (HMD).

The spent catalyst of Example 1 was subjected

to a regeneration according to the process described
Example 2, the sodium hydroxide solution having a

concentration of 3 N instead of 0.05 N.

in

25 The activity of the regenerated catalyst is

equal to that of the fresh catalyst |
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10 15m00g. (). 100 (1 (10% O 1ZIOE (e 0 13 (1a%a0°8, -1 @ e

described in US patent 5 151 543 are regenerated

oacich C

according to the process described in Example 2 above.
The spent catalysts are obtained from the
synthesis of ACN and from the synthesis of HMD and
10 their activity is 30% and 10%, respectively, which
activity after regeneration, is equal to that of the

fresh catalysts.
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compound having a ba31c ion concentration of greater than
0.01 mol/1l, maintaining the mixture at a temperature
below 130°C and then washing the treated catalyst with
water or a basic solution until the final pH of the

10 eluent is between 12 and 13.

2. Process according to claim 1, characterized in
that the basic aqueous solution is a solution of alkaline
base or aqueous ammonia.

3. Process according to claim 1, characterized in

15 that the basic aqueous solution is a solution of sodium
hydroxide, lithium hydroxide or caesium hydroxide.

q. Process according to one of claims 1 to 3,
characterized in that the washing is carried out with a
sodium hydroxide solution having a concentration of

20 between 0.01 N and 0.1 N.

5. Process according to one of claims 1 to 4,

characterized in that the spent catalyst, the catalyst

treated with a basic solution and optionally
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5 6. Process according to claim 5,
characterized in that the mixture containing the
catalyst to be treated is stirred.

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

10 regeneration process is carried out in continuous or
batchwise mode.

8. Process according to one of the
preceding claims, characterized in that the
concentration by weight of spent catalyst in the

15 catalyst/basic solution mixture is between 5% and 30%
relative to the mixture.

9. Process according to one of claims 1 to
8, characterized in that the catalyst of Raney metal
type is chosen from the group comprising Raney nickel

20 and Raney cobalt.

10. Process according to one of claims 1 to
9, characterized in that the Raney catalyst comprises a
dopant element consisting of an element from groups
IIB, IVB, IIIB, VB, VIB, VIIB and VIII of the Periodic

25 Table of the Elements.

11. Process according to claim 10,

characterized in that the dopant element is chosen from

the group comprising titanium, chromium, zirconium,
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13. Process for hydrogenating compounds
comprising at least one nitrile function into amine
compounds, characterized in that it uses a catalyst

10 comprising up to 100% by weight of regenerated catalyst
according to one of claims 1 to 12.

14. Process for semi-hydrogenating compounds
comprising at least two nitrile functions into
aminonitrile compounds, characterized in that it uses a

15 catalyst comprising up to 100% by weight of regenerated
catalyst according to one of claims S to 12.

15. Process according to claims 9 to 14,
characterized in that the compound comprising nitrile
functions is chosen from the group comprising a,e-

20 dinitrile compounds comprising a linear or branched
aliphatic chain of 1 to 12 carbon atoms, such as
adiponitrile, methyl glutaronitrile, ethyl
succinonitrile, malononitrile, succinonitrile,

glutaronitrile or a mixture of these compounds.



