0050/.46753 0050/4@t%parati on of anmines and anminonitriles -  The present
I-nvention relates to an inproved process for 5 preparing an

NH err]-cont ai.ni ng conpound by hydrogenati ng a conpound cont ai ni ng at

| east one unsaturated carbon-nitrogen bond with hydrogen in the presence
of .a catalyst at tenperatures not below roomtenperature and elevated
hydr ogen parti al pressure in the 10 presence, or absence of a solvent.

The present TTRASTALOANRF (AFEPeF ol MiNGNAtE} HRS®ss for preparing
specifically 6-am nocapronitrile (ACN) and hexanet hyl enedi am né (HVMD), a
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hydr ogenat i drwdsfogens an ukhke etesanberchia cogahydorats teinparaturasdnogehelew
descri bed f aromxaepberatudd whdneYéyated/blydrddéd partfalt pogesureodpotnels |1,

am nes), E O8feseheeddf atddhc@dbEi #Nso1ventdS57. 25 US- A 2,257,814 discl oses
a processi®or preparing amnonitriles fromdinitriles by conductlng t he
hydrogenation in the liquid phase in the presence of cobalt- and

optional | y iPhm-preseat nimegntiopafarphars refated craqnsr Srooes BY38 pggparing
descri bes t hepguarflicallly é-lyrdnogepsoninridie ACPPrEnd heragdilylenedAtiine t he

‘presence of gy xad P@é’e@kﬁalﬂaﬁ 35 85 dPBgERPPRIT eebabihpdides and
| ron- cobal ¢ nﬁﬁ fat [Tea%tgﬁﬂe“\}r@séjc%?:%% €Sad - gigré?éﬁr? 'dt i@n sili ca

gel asd ¢ cat

arin an1non|trt
hydr ogenat i oﬁaﬁﬁ 8’1 ﬂ}lf‘r’r s\%ef‘ﬁ % %fz{"e% 1ol oaed lrﬁ@séf’?’%@so"é
process for ?ﬁeﬂﬂ%lPWgPE9Qﬁ%ﬁﬂ ﬁﬁﬁa?lRFQﬁﬁfsaﬁPEh%RQQ?QgstAH?rﬁﬂﬁ%%trléédfﬂr .
catal yti ¢ hytrogseatadning datelpsesence of a catal yst prepared fromiron
sponge. The cobalt- and iron- containing catal ysts used in the 40

hyd it d ct t d
(her of or 6 hathe e PREPhERLl o8 B ig eg: SFoRYE Rincasess vodt AT
‘have been reaE@gePnige ibgf EoR\RFANIRdR aﬂdﬁQﬁben“W§éFecY9¥m i/ dr

by- pr oduct | evddirogen compounds II, amines), pages 545-574, 4th edition,
1857.

25 ys-a 2,257,814 discloses a process for preparing aminonitriles

from dinitriles by conducting the hydrogenation in the liquid
phase in the presence of cobalt~ and optionally iron—-containing
catalysts. Furthermore, DE-A 848,654 describes the partial
hydrogenation of adiponitrile (ADN) to ACN in the presence of
fixed-bed catalysts based on copper/cobalt/zinc and iron—cobalt
spinels. DE-A 954,416 describes the use of cobalt on silica gel
as a catalyst for preparing aminonitriles and diamines by
hydrogenatibn of dinitriles with hydrogen. DE-A 4,235,466
describes a process for preparing cycloaliphatic and aliphatic
aminonitriles by catalytic hydrogenation in the presence of a
catalyst prepared from iron sponge.
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The cobalt— and iron-containing catalysts used in the
hydrogenation of nitriles and imines lose activity in long runs
and therefore have to be replaced with new catalysts once certain
limits have been reached in respect of conversion and/or
selectivity or by-product level.

40

a5 The regeneration of catalysts coated with carbonaceous deposits
is generally effected by burning off the organic coatings with
nitrogen-air mixtures (Chem. Eng. Sci. 46 (1991), 11-21). '



45 The rege®AR44A7%F catal ysts coated with carbonaceous deposits i s
generally effected by burning off the organic coatings with nitrogen-air
m xtures (Chem Eng. Sci. 46 (1991), 11-21). 0050/ 46753

2 However, this method can be used oy with catalysts which remain

mechani cal | mo&batal;? i d FREhbANc e Akkd &unpwlttﬁdceeé Bt ﬁmcﬁlaz«enrana

stable strugldhgneh o dapBlof 1 Alace N 25 S0 o6 ehkol oued
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thei r mechanje€ak;ic)Ps QY thata{SBR BR Aefdt WAorfiQe S5@M¥yRkn It is
known from the Journal” of Catalysis 143 (1993), 187-200, that a ni ckel

catal yst (25% by weight of N on SiG2) which is used 15 for the
hydr ogenat i ¢lateflyatetwiilt vekg high retgdscooerdsc hrcore dama@génenabmlbgg
t reat ment1idar kydr epganiat dbpOPLEAtIRBS adbpVal ter id§OtRe iy @echarlcdhe cited

references ;J&o@ girisyealeaMBplieda idad,s rBksOxaRA%)bl e to regenerate -
cobal 't - and I ron-cont ai ni ng cat al yst s under these condi ti ons. I t

is an object of the present invention to provide a process 25 whereby it is
possi bl e .t 0 Itegenknewre fxvm théa¥durmmldof Catakysdisniddn{IfP3dat aBys280used in

‘the hydr %ermartoa fickelc @apaUpst (25R0BYAWOLIGIE f Weasd i0g)unMBDdHIral @ded
car bon- ni tT aggn+Rangh, dfbg%nauéhfmé eadé’%nl’é\ﬂf@tﬂn kR Us4d %as@neaﬁ% down
times duri n% tg}e%eratéc? 3}1%% t:rg Ole.tt hﬁﬁ{“% a% tg/@ﬁerﬁ%rrte' cY é%éy’ the

object is 3 rarse c % spect O~ convérsi on and
selectivity Fhe hydrogenatlon of the conpound cont ai ni ng at | east one
unsat urated carbon-nitrogen bond as cl osely as possible back to the

| evel of %@%‘Héméi@gdcﬁé@ﬂéﬂ:es do néQérQ%Qlfv%H’éi'x ekhat idhesecoBhesimang
achi eved I%gesgggés s SRR 08BN S CO0LR UG PehILL O

hydr ogenatin nt'al ni'ng at
car bon-ni t rd’g’eﬁlﬁbﬂ SW th

It is an object of the present invention to provide a process

25 whereby it is possible to regenerate the cobalt— and
iron—-containing catalysts used in the hydrogenation of a compound
containing at least one unsaturated carbon-nitrogen bond in a

- simple way, without incurring long shutdown times during the

regeneration of the catalysts. More particularly, the object is

30 to raise catalyst activity'in respect of conversion and
selectivity in the hydrogenation of the compound containing at
least one unsaturated carbon-nitrogen bond as closely as possible
back to the level of the unused catalyst.

ne un ura

35 we have found that these Objecte'are achieved by a process for

_preparing an NHy~containing compound by hydrogenating a compound
containing at least one unsaturated carbon-nitrogen bond with
. hydrogen in the presence of a catalyst at temperatures not below _
room temperature and elevated hydrogen partial pressure in the

40 presence or absence of a solvent, which comprises

a) using a catalyst comprlslng a cobalt- and/or iron-containing
catalyst, and
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~hydrogen i n a0®0f&s®Nhce of a catal yst at tenperatures not bel ow room
tenperature and el evated hydrogen partial pressure in the 40 presence or
absence of a solvent, which conprises ‘a) using a catalyst conprising a
cobal t- and/or iron-containing . catalyst, and 45 0050/ 46753

3 b) afteryfhe gapv [ Rasqd,o 0 u ne £ BYHE QgRIIR

and/ or the s%\t eé | v/i t%-hﬁagéh%eo qtg ﬁ Bﬁ%%?ﬁ‘d%%% Oqfﬁllg%tgrgé - tg%gsged

dr opped bel ow a st i°ﬁé5 Vaf ecgcf‘vtlﬁ% ?ﬁ)elﬂ?ltono% Sriesired produeh has or

by- product has ria%én d5epeed Relewr pneefingdiyalug or the,aBpppt9h@n he

hydr ogenat i on . byunstagpidny-tipoduesdhas 1imen beyond coedanddt valbue,

hHydr ogenat®d andirmfertrhpt$ndg vieiet hydtogemation by sfodpisat theg fdwi ot ahgst at

from 150 to 400[&ntdoand £6 xkydurg@%aenated andSbROcie RudegeN Df aswdr e W thin
the range from0.1 to 30 MPa 1 and a treatnent tinme wthin the range

from2 to 48 h, and d) subsequently continuing the hydrogenation of
the conmpoundc) treatdogt bheigegadysteastfxore 160ste A €dwitl Byrdneigenogen
bond. 15 W hmimgalashyfitoydh dprpssees svivhihetBe Qg idsm COIT aioni30gMBd

I east onel@nsat Ui %dt‘x?éé@xﬂéhﬂ‘ittﬁn@gﬁi‘ttmp%h@ eahydraganat ed 46 n, s\apension
or in a fixed-bed reactor in a dowmflow or upflow process; a process for

preparing specifically 6-am nocapronitrile 20 (ACN) and

hexanet hyl enddi asvibseq@eivBly condiabsong athe dydsegémation pégehereunipeyndobal t -
and iron-cont ai dditadatiabyst Sleast onéCii¥abuigted ¢d¥bonRvebidgen Hdnd.
starting conmpounds used are conpounds containing at |east one '
unsat ur at &8 car bon-nitrofqen 25 bond, such as a carbon-nitrogen doubl e or
triple bond.Wehever ahte founds agpreees WherRYD LTRIPPS CFRRYFLdMBy PRI tril e
or -dinitrillkeasiclongsunsatunedrdncarhdreniggngemarmind are, hydscoemaitedi Le,

hept aneni t ridwspensieat neit ta ififedbEdnedicBbt rid & @adhpoow tod lupfiswort

ADN) Peg AR bl ptSoediCXBREH dPdrilnge spééﬁi%aq(itnkléﬂ\irﬁm% odftrile

octanedi ni{ r@ ) 2nf® éxg;lr&é@thﬁrﬁ' ROAL It H@BZ; 'déi{éi ah ?;ﬁéoecre% ' ¥or
terninal €Pe r?— err.ﬁ- M LT es. SHeh as A% |cyano§u e
(adi poni 11 1 E595PET8L P8 SaRATST ARG, RS CAPED ARG R Y5 Ee |
1, 7-di cyanohept ane and 1, 8-di cyanooct ane, especially ~adiponitrile,
Qerr]-derriccoradiagl Kyl fid rink@at 06n,; dindl kkbk€n WSRpBEnds used are
o ' compounds containing at least one unsaturated cérbon—nitrogen
25 bond, such as a carbon-nitrogen double or triple bond. Preference
is given to using a C4~Cg—alkylnitrile or —dinitrile such as
butanenitrile, pentanenitrile, hexanenitrile, heptanenitrile,
 octamenitrile, butanedinitrile (adiponitrile, short ADN),
pentanedinitrile, hexanedinitrile, heptanedinitrile and
30 octanedinitrile, especially'adiponitrile, particularly preferably
terminal C4—Cg—dinitriles such as 1,4-dicyancbutane
(adiponitrile), 1,5—dicyanopentane, l,Gedicyanohexane;
1,7—dicyanoheptane and 1,8-dicyanooctane, especially
adiponitrile, Cs—Cg—cycloalkylnitriles or —dinitriles such as
35 cyclopentanecarbonitrile, cyclohexanecarbonitrile,
cyéloheptanecarbonitrile, cyclooctanecarbonitrile,

' cyclopentanedicarbonitrile, cyclohexanedicarbonitrile, and also
aminonitriles containing from 4 to 8 carbon atoms, preferably
a,w—aminonitriles such as 5-~aminovaleronitrile and. '

40 6—aminocapronitrile (ACN), especially ACN. '

The nitriles, dinitriles and aminonitriles may also carry other
functional groups as long as they'do'not impair the hydrogenation
or their simultaneous or partial hydrogenation is desired.
Examples are C3;—C4—alkyl, aryl, especially phenyl,
Cs—Cg—cycloalkyl, aminoalkyl, N—alkylaminoalkyl,

45
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35 cycl opentgpscsrabdomstril e, cycl ohexanecarbonitrile,

cycl ohept anecarbonitrile, cyclooctanecarbonitrile,

cycl opent anedi carbonitrile, cyclohexanedicarbonitrile, and also
am nonitriles containing from4 to 8 cagbon atons, preferably

a, w-aminoni tri) es such 5-ani noval eroni t.ril 0 nltrlle
(ACN) , especll5 4‘%1@?“}2 hﬁ)aml?ﬁggﬁy r?rf §'m18f’n&q{]1d 3: ggb VI es may
al so carry otfét®-  functional groups as long as they do not | rrpal r the
hydr ogenat i on or their simultaneous or parti al ~hydrogenation is desired.
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such- asgshar
fothe 45 20%

catal yst. Tot&l a&(ﬁ’t’?ﬁﬁﬁur%%tré‘#é°ﬁen‘él?%ﬂut‘i?lvm°ff hF elf"f‘?el el
by wei ght, ba&etlysh -t RetahAdnixEpregtasfe 9@6%%&1%%1“5&?% amngenitxenr @s
are oxides, phoddyewesgitk sblabatiesn ofhenlakalint of regttilveacompdriesiti.ne earth
met al COWpoushdﬁbaHlléeﬁlﬁlﬁi:\hﬁ/eéiTa&@ 6x03égle phd@phatdichdasubE &l Idf, alkali
Aferr] O[ er r&leta]i qnar Elx@the/ LG 8h  he @D B Peuﬁésr'erth%&'ﬁgﬁﬁ | ApTRt 8kides

oxi des. VBB Lidiie Lobm of 8, SulRer hed £ai 2 x§taisso g éfa,%s%&%asgwl

The support used ma

titania and X485 seI shspdPreqet a"’taﬁ‘&P?%te caﬂ‘?é'ylsévéf LEke¥ds5l t and/ or
i ron rel ati vecssibdgppBhe supRgahepacdymay tEpiaprhlY e pdngéndr orhldcre 95,
preferably faomBRedocdBhor$,byitanieight zicdepeibai rp cnppbetdbrcagalysbse or
both of cgbathe aRtrelllr 68 cobaAte afPsLMNMron r3ative cat 3uppbst Co genegalbey
modi fi ed, 2P Pfwoesid efle Yaide BlA § £5 95, preferably from 30 to 95, % by
weight, depending on whether only one or both of cobalt and iron
are present.

30 The catalysts can also be modified, if desired, with metals of
group VIB (Cr, Mo, W), VIII of the periodic table of the elements
(Ru, Os, Rh, Ir, Pd, Pt) and also copper, manganese and rhenium,
in which case the cobalt and/or iron content of the catalyst is
generally within the range from 50 to 99.9, preferably from 80 to

35 29, % by weight, based on the active components (cobalt and/or

' iron + modifier).

Furthermore, the catalysts may be modified with a compound based
on an alkali metal or an alkaline earth metal such as lithium,

40 sodium, potassium, rubidium, cesium, magnesium, calcium,
strontium and barium, especially cesium. It is customary to use a
weight ratio within the range from 0 to 5, preferably from 0.1 to
3, % by weight of alkali metal or alkaline earth metal, based on"
mass of cobalt and iron (one of which need not be present).
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group VIB (QO50V46M83 VII| of the periodic table of the elenents (Ru,
Gs, Rh, Ir, Pd, Pt) and al so copper,. manganese and rheni um I n which
case the cobalt and/or iron content of the catalyst is ~generally within
the range fromb50 to 99.9, preferably fgom 80 to 35 99, % by wei ght, based
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the |iterat dfé™a
natural |y o®@@eFi heP+Ydn -oXpabiianscH adsohkrri B8 BFOMOtRIFerte or

met al | ur gi c&usyopantlic eacpbponxteathtbvorpnjomt (wdéing Ubf rnehen'oxides yat opedi a
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oxi di ¢ met%rdaabenatesn erbydusxiden Thesesptertimmossapap e ooght esnty a
hydr oxi des. tER@REcHIBEWsSBLE Foym e lar edghént i¥n@1amanhee by eabliyt is@hie
formin a ComeRbioNala BINGEE1 Y, (AR0YE0niuract L YSHaR YobxBa9BY ) | e,

SHARE A sy S T

Cat al yst |va ct re, cove corpor
pages 217%% g NRYEEr Fﬁé? W%ﬁtbf’ﬁpaﬁ’?%& Xgn 22} al ysts is, for

exanpl e, thernal deconposition of iron cyanides to iron- carbldes and
iron  nitridegyeWbl Ghayr sz B@Qﬁ&f’iﬂg\’ 1%nce£w£i§s%@, 8t Orgd RBAMPLEN Be 30
further heat 'h%gmgiegeégnlp%% J.gn E@f yﬁjo?npggéglgés t%%!?gﬁl (?:lrbldes and 1rop

nitrides, which can generally be converted into alpha-iron by
further heating (see Ullmann’s Encyclopedia of Industrial

30
Chemistry, 5th Ed., Vol. A2, pages 169-172).

Cobalt catalysts can be prepared by impregnating a ceramic
support with aqueous or organic solutions of a cobalt-containing
35 compound. The impregnation can be carried out on the
ready-produced extrudate of the support or else on the support
powder. If the ceramic support is used as powder, the
cobalt-impregnated powder is customarily shaped, for example by
extrusion or tableting, preferably after calcination.
40 '
If an impregnating step has failed to put sufficient cobalt on
the support, for example because of the solubility of the cobalt
salts used or the surface area of the Support, it is possible,
from observations to date, to repeat the impregnating until the
45 desired amount of cobalt has been applied, in which case the



Chemistry, MAPGR675k|. A2, pages 169-172). Cobal t catal ysts can be
‘prepared by inpregnating a ceranic  support w th aqueous or organic
sol utions of a cobalt-containing 35 conpound. The inpregnation can be
carried out. on the ready- produced exd rudate of the support or else on

the support resul@WH§ madd 1%her£@a aandccamema a&egsegc@sm&\éqﬁauﬁ@estep -
cobal t -i npr g %FdFng%g{t ; %ﬁ g‘g 8 ed JLer examle

extrusi on or ta I ng, pre aft &r aC|nat|on 40 If an
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prepar e cobalthegconparingly calablstcobalt coppauids.t Aften dgreorpatatoors, art
organi ¢ s uld @stbilaiiteh d&@Send recipRehfé eirid t0enPPLETUSRY Thealfied
customari | yn?a%l%r e‘EbP'éf’é eOB ”@:Ytﬂf%lonaBP'tﬁ&he%% eq&'PEHcl nYif

| mpr egnat i on,g edipe, prsaipntale o i dﬁmx'x e gt de,
correspondi ng cgfgbn? |p 6 €§F| ?y $o1% Pe %o conpounds.
After preci ﬁatb&FtBnWlW alé’anlglﬁﬁ*s‘t%értyt?ﬁpﬁlf"}/ﬂm‘?é BFE‘H’bltth&t Saggg I
process the 200 &¢ 709¥Bsn poderxdmtl gebyabxi desiigabde sqlidestate mhasesugh,
if- desitedyay bei sbpairsidal e to precede the shaping into extrudates or
tablets with a calcination at tenperatures within the range from 200 to
700[err]Cin order that certain, desirable solid-state phases 15 be
obtai ned. BefSZPoPES A% WETRERIHEITCREAL XS (s COPHEE BBEe
~and/ or i r cirosx Peddpreraseily¥sts axe @dvantWyreéM(m @hghe_ 20

corr espong%rtgmreispbﬁdhyg meaads Oby andaydr ofea liydaigeantreatmestt,Cin whiase, in
gener al @@edelﬁogéﬂktaqu aR0bx MY @chiant 1086wt morweiiHH .108r 8ferably of
“Ot mor e thap, % bypil\%f pé‘%%&é“n%@eythanpsfs?fbﬁf %Q£§ Of &%1@9;&1 an 1%

‘by wei ght, bas referapl e

T om exper i Eied FEoNL B " holE ‘?Srbadhét BY o Fotite BRPER-any el oGl mase
mat er | aI s t &% metadr prE Bridengls PERESTRELEAFEPTY SXPRALCRES ih d3&Scafi®d out
under %M%lgn of @mexa@mn@nprmwnélat to chipe cpryespohd ng
200[ err] CT1 rctive cabtykydt maakesmrureibe carried out under atmospheric or

superatmospheric pressure at temperatures from 200°C in a
conventional manner.

30 The hydrogenatlons can be carrled out in upflow, downflow or
suspension.

When the reaction is carried out in a suépension, it is customary
to choose temperatures within the range from 40 to 150°C,

35 preferably within the range from 50 to 100°C, particularly
preferably within the range from 60 to 90°C; the pressure is
generally chosen to be within the range from 2 to 20, preferably
from 3 to 10, particularly preferably from 4 to 9, MPa. The

" residence times are essentially dependent on the desired yield,

40 selectivity and the desired conversion; customarily, the
residence time is selected so as to maximize the yield, for
example within the range from 50 to 275, preferably within the
range from 70 to 200, min.

45 1n the suspension process, the solvent used is preferably

ammonia, amines, diamines'and_triamines having from 1 to 6 carbon
atoms such as trimethylamine, triethylamine, tripropylamine and



30 The hydr SRERA4AE3 can be carried out in upflow, downflow or

suspensi on. ~ When the reaction i-s carried out in a suspension, it is
cust omary to choose tenperatures within the range from40 to 150[err]C,
35 preferably within the range from50 10 100[err]C, particularly

preferably wiriBhyihRidaREealtOMAD tap0L 11 MethBBoPIARFWeBahS1,
generally CE%%%EcEi’anrS,e y&ggﬁaﬁ{foﬁﬁ%ﬂﬁgf@{“' La(aizﬁgtaféo%fseﬁ: bl,¥e 3. froms3

to 10, particular residence tinmes are

9
essent i al | y SEOSEREBRAELGh G ENACSTIRRING BP e AYOropEReted (i thil Ehe TRGR od
conversi on; 98 dfnk? |30, Preferahlssifgeoncalt Bl s PaEr HtlaF l¥opaateably
maxi m ze tHhefrpmeld, téol0, % byawplightwi basadtdre vhengemfobHmdrPonpd2¥s, be

preferably wiyidtogehfed andasgevés®m 70 to 200, min. I n the suspension
process, the solvent used is preferably anmoni a, am nes, diam nes- and
triam nes having from1l to 6 carbon atonms such as trinmethyl am ne,

triethyl an rfe eppprpRf Satadyahdised is geseyajdys¥ithin the range from 1

7  tributyltamSie prefdmabilyl Sromspan Al y: iy havightanckstdhanokhe amount

parti cul a¥® ypehgsahd A BEDAyAroddnatedadyad) ageous to use a

concentration of the conpound to be hydrogenated within the range from 10
to 90, preferably from30 to 80, particularly preferably 5 from40 to 70, %
by wei ght, eegusper$icons pydspgeraticoinganobdecarripdr oge hatedwine @i vent .
"The anount gfrefatrabygi asgdnboughbnergeneyaidy him theeliguigk phase. 1 to 50,
preferably from5 to 20, % by weight, based on the anount 10 of conpound to
be hydrogé]at ed used. . The sus&aﬂr;si on -hydro%gllnation can be carried out

bat chwi se oriP® BFAEPISRARIEN PBR(F MO REl FArHEed Ot PaFRYARE PFqui d phase.
15  The hydcegépaenrdly gy aafivedegarepetionutn Fatdennf kv @ uPEdaAVi nuousl y
in a fixed- pewceeact tm which deseifitviisocuapbhany topemphkeys,a itemphratuoamse it
| S cust omar Yitthianph®YrahdeC ¥REH B MM 200PE NigrefBeabBnoRi thiamBO fange

o ebsur o HRIERRPEACLY WAL Dahd's pARHENED 2‘54“%?3536“9%‘9"519[ Bhp] fandieatm 7
range from %ot OZOPrT\%aFa%er{;lﬁVg%&'ﬁeﬁﬁf‘?%nﬁ?cg“ _r%f’eé b fadaﬁpleed out in
t he pr esencdwgFogenatipn, dift Prgfefahlabcoraidd RuE 18nthe prefieasenes and

triam nes solvent, preferably ammonia, amines, diamines and triamines
: having from 1 to 6 carbon atoms such as trimethylamine,
25 triethylamine, tripropylamine and tributylamine or alcohol,
preferably methanol and ethanol, particularly preferably ammonia.
In a preferred embodiment, the amount of ammonia used is within
.'the range from 0.5 to 10, preferably from 1 to 6, g per g of
'compound to be hydrogenated, especially adiponitrile. Preference
30 is given to using a catalyst space velocity within the range from
0.1 to 2.0, preferably from 0.3 to 1.0, kg of the compound to be
hydrogenated/l*h, especially adiponitrile/l*h. Here too it is
possible to adjust the conversion and hence the selectivity in a
specific manner by varying the residence time.:
35

The hydrogenation can be carried out in a customary suitable
reactor. '

If the reaction is carried out in the gas phase, it is customary
to use temperatures within the range from 100 to 250°C, preferably
within the range from 160_to'200°c; the pressure employed is
generally within the range from 0.01 to 3, preferably from 0.09
to 0.5, MPa. Furthermore, the molar ratio of hydrogen to compound
contaihing at least one unsaturated carbon-nitrogen bond is
generally withiﬁ'the range from 2:1 to 300:1, preferably within
the range from 10:1 to 200:1. '
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havi ng fromao%e/€6t%3 bon atons such as trinethylanine, 25 triethylam ne,
tripropylamne and tributyl am ne or al cohol, pref erably nethanol and .
et hanol, particularly preferably ammonia. In a preferred enbodi nent, the
amount of ammnia used is within the gange fromO0.5 to 10, preferably

froml1to 6 4 z:rfregef?;:ed e@%%%@&t Qe h&})ﬁﬁéé’&?&%ﬁdof ESMF Gls? by

adi onltrlle rven t.o u at al.yst_s fomt

Wi tﬁl n the r gé‘r‘f ?gﬁ]presﬁanfetS Zaﬂno%?érﬁ%} ¥t & é Bf%’ge%l%ﬁ kg_of yt he
corrpound to ‘b%talysﬁﬁd%g%rpépééﬁﬁ*%hel@slﬁecFESH?/W%M Shil #83gtaMathon @f etheno

it poscatalyste &elj ustdecheaseniserthieononvel siemc oft AN swiddori vity in a

speci fic nnnelednivieyybaupd b ACHiBEIRSE at H8Binetd valudhef ity @genagedrofLan
be carried owlgsdm%rwéta{@raxmamaaﬁ Switch€8C4 O, then thd ééﬁ@e&ﬁé‘&iré% s

carried out 983 Gxoec! tax'u ‘ila%t g\‘qgrﬁiylyA'Q:h%ocgé% s%rr.pl.gr@r%a{ted \%Ig hi n

Bl
the range fr € 1an rom
200[ err] C, ﬁ?’brtggsﬁ?e ‘é?ﬁﬁyo;@l']r with &éﬂér 209 \EQiBPAY PR ST ra%]@e F®m 0. 01
to 3, prefer%ﬂﬂ Veof 78fy CeEpCcialily @0% Ivp4. hrdredany/doPé, cathe Xrdl-ar ratio of
‘hydrogen 10 Tlgeaftdr the drinpernatgratid eastomael yndabught dshakadben-tot r ogen
bond is 4 gersdctiloy wehpérhtule BAAOEnd 3gdndtic?08s lcoBiRigabl y Wi thin
the range from 10:1 to 200: 1. : 00 0/46753
8 In a preferred enbodi ment, the hydrogenation of ADN is carri ed out
in the pr ese?i’c@roftoaﬁh%ﬁtﬁl%:frhgommenﬁﬁlng:fi’«ekﬁ pEgferakpla doysemovy a
process wher#ien hydebbematiigpr mdxdesststidili presént e theced¢adtyrt., Itemay be
decrease 1P ifaRQG¥EESI € walshADRL adul/ 0k st Sbe£b:AL trihki h&tM&@g@ﬁef@L&?' ow

a defined v r f A S ched
off, then tﬁjéﬂ%eriy& g{bl‘;m @gge ¢ in t% 99%&5 e% 24 P d

Sy Riyonig: o
|
the'catal ysth BERLIG] Capnopl o b SoRREHY, %&%E waﬁ EnEsth 1
800, pref er aff? y2°f°r Em espeRigidy WB@“EQ@CF%W‘S/%’G’G‘ 28 ¥ YAPdFogEh/is of cat.
x h. 10 Theresranallyhadvanpgesuar to i camaysconbhe [Mashr foght pragieddofinfxem

reaction £@npetcatadr eoarsl. t he hydrogenation is conti nued. ' Prior to
starting the regeneration, it is preferable to remove - the hydrogenation
m xture still present in the reactor. It may be 15 advantageous_to wash the

catal yst befRfUHBILe (Ehe FBYEREIOR i dihe rﬁﬂ?‘he’far’fé%of’@e?ﬁe rS’raé@éHFtl ¥ the
system espetizied anhont fenprratuyes ivitdipethbe wandenfroyetbd $ocd8btarily
withint h?grmﬁabmm wichint @hd0fhege |[fZomedpecialIsn °u4 tddpectiad lyawehinr om

20 to.100 rfﬂ@ra'n%e' Srom G RB| byoadvARLAGER Usydrdgeal predrhGivash {1y 2
perlod of frfﬁﬂég)f ﬁoozf-JBD%bSMPa, preferably within the range from 0.1 to
20 MPa. A continuous process is customarily carried out w1th the
hydrogen rate within the range from 100 to 1500, preferably

within the range from 200 to 1000, 1 of hydrogen/l of reactor
volume x hour. -

30

The process of the invention makes it possible to achieve
distinct improvements in the life and space-time yield of cobalt—

35 and/or iron—containing catalysts in the hydrogenatlon of
compounds containing at least one unsaturated carbon-nitrogen
bond, especially in the hydrogenation of adiponitrile to
aminocapronitrile and hexamethylenediamine (nylon 6 and nylon 66
intermediates). ' :

40
. Examples

Example 1 -~ Preparation of an unsupported cobalt catalyst
45 20% strength by weight sodium carbonate solution was added a

little at a time to an aqueous solution of cobalt nitrate,
manganese nitrate and phosphoric acid in water containing 10% by



Accord| ng toOOﬁ@/ﬂzﬁvéatlon the regeneration of the catalyst is carried
out at tenperatures within the range from 150 to 400[err]C, 25 preferably
within the range from 180 to 350[err]}C, especially within the range from
200 to 300[err]C, using a hydrogen presgure within the range fromO0.1 to

30 Mpa, prefgrably o‘é" Egbé‘lé h(% 1@{1951-.&5 CH’H Qhé LQ%J.S c%@lt%x%%}t‘eﬁuous

process is c I e rate t he
range from 1@&%5 lg%? ef“gﬂp n%f)e V\ﬁctal‘cﬁl??l%a/?%ﬁ QP?O 02’(55" t(g 1000, 1
of hydr ogen/‘f‘al}ﬂa‘}eé&f‘%rate)v&mé -45hdur weight of,dis Pbc’é‘séoo? thesuch a

i nventi on nmeRay ds tgoeivayw produchi @veH of @i etismmplierppovefretites aiddithen|ife
and space-5i o® fheclsddaim cohidnatdSsond ivn ;i £he- cartiedipbning adaalbpntasesn t he
hydr ogenat i ogefd precspiPLEHIS O%OEBﬁﬂ)IE%rﬁbﬂ €RS p AR piRged oK At ed

car bon- ni ”nggli rnl%gﬂ.dfr&{?‘ 51:1\_’ Lk 'L%ehngél@ﬁ]';l%ted(’{}n fasd Qnphiile to
am nocapr oni megg%u am ne ’F‘?rbﬁ’é‘ﬁ PF@% a pH of
i nt er medi at €% a

unsupport ed ?:o'-ba'{ats @aicm TJ)S 29%%‘%#@1@?!&%&1‘%@199”?558%% dditBehate
sol uti on Wasampdcedliam—frée ttty washing tthve pdrecidpitapecoishseater omtdfl eobal t
nitrate, ﬂﬁwamauai:wﬁye oZNdo PRASSONed GradCoBtaihetRlagd, CadéRtdlingd +30%

by nt® test stri fo itrate (from Merck? th ﬂy}Eth

cobal t Cal cu % 8? IT T ( vvel ht of
manganess (cs?%h %33 %F%rﬁ%a%lsm s thﬁangié 3 By R BT O hson oy
wei ght of H RF$JIRIYtELE] thys 56EdeA V,a? FusipeRdgd 1n parezsapd %H’Fﬁé’;‘?g pPEARe a
pH of 6 oAScepmAXtiowsrofinlet Acuberamress =0b50ke) s Jheurprayesh matersal waon;
the correspoddiet atasbofi! emllear engrehaipptit ih eah e@Mradeplaiticoexetudites 4
precipitati Otﬂm in di'aﬁn@%éﬂ'éﬂae if eAMA heed ARG, thateddiRaasbablésd e ind of 6
AT N R R R
sodi um free BY° ;%m%ﬁ ?h%or?ﬁpéé (?% %&e%t Ill?E} ?Je;htur?% paé 1% ¢
conduct i vAPyobMm3ns rﬁ?né’%&%tdbft FeReRch@® BE ¥R IENg of oN220- The

Mer ckoquant [extqudaet@ts thus pptadnedi vexe aeduced Ardf’C imea ritneameot
content of thed:sajean ifop Y6 |a9S phBsiv Ol Wrbyoowi@hiperdbare wiyteel pitate
thus washed M@Lsr aRded: 1t RSk BPA,SIMRY8E 41¥,0 9B31BySwsAind @wer (inlet

tenperature =1 enr]C) . The sprayed material was dr| ed at 500[err]C,
mul | ed an ape r% an extruder into extrudates 4 mmin diameter and 1
.cmin len Fh The extrudates were dried at from100 to 120[err]C, and

cal ci ned at BR&fsre PC-f Bre;iaxfatﬁheoﬁaimlmfsdpporﬁéd)dlmh batapystonposi ti on of
90% by wei ght of CoO, 5% by wei ght

The method described in Catalyst Manufacture, A.B. Stiles, T.A.
Koch (1995), pages 167/68, was followed to melt a mixture of iron
oxide (magnetite) with the promoters Al;03, K;CO3; and calcium
carbonate at from 1600 to 2000°C. The melt was subsequently cooled
and comminuted. The_matérial obtained (catalyst in the oxidic
state) had the following composition: 1.1% by weight of K;0, 3.0%
by weight of Al;03, 2.3% by weight of CaO, remainder FeO and
Fey03. To obtain a usable catalyst, the material obtained was
treated at 450°C with hydrogen at 3 MPa for 32 h and then -
passivated at room temperature with a nitrogen/air mixture (5% by
volume of air, 95% by volume of nitrogen). The ratio of mass of
metals to mass of oxides (”degree of reduction”) was 9:1.

30
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40

- Example 3 - Fixed-bed hydrogenation in the liquid phase

A tubular reactor 2 m in length and 2.5 cm in internal diameter

45 was packed with 750 ml (1534 g) of the passivated catalyst of
Example 1. The passivated catalyst was then activated over 48 h
- in a stream of nitrogen (500 1/h) under atmospheric pressure by



20 of Mh[er 00g0r4§753% by wei ght of P205 and 2% by wei ght of Na2Q The
extrudates thus obtained were reduced at 320[err]C in a stream of:

hydrogen for 16 h and passivated at roomtenperature with a nitrogen-air
m xture (5% by vol une of ai r, 95% by vebune of ni trogen) 25 Exanpl e
2 - Preparati;qq QPQ ‘gg?&' £rofn368¢ &l %tso d?ﬁ hod dggcri bed
i,n Catal yst ﬁanﬁﬁé iure oAy E £e é roit i’ redu"yéﬁ C { pages 167/ 68,
vvasfollovve(?to ReftY r‘r?ﬂr(‘tu]rﬁé 8’% §% etlte) with the

pronoters Al[err]derr], Klerr] CQerr] and cal ci um carbonate at from
1600 to 200Q{feek] i:owéﬁi‘hﬁmgrr%hb Yesctobsaguentdnperaehed to #v1d gpaminwit ed. The

Jmaterial dbtajn gr(&%ﬂty%gm %dbg t%Ea%SQcﬂﬁdwtage %i% ra
do
; ?ﬁﬁ

conp05|t|on err] err]
3% by wei gah iéﬁssr“%ﬁaf’ﬁd éﬁa a. m’F’% gFr rr]ml/ btain a
usabl e cat alaféPon%ﬁ%liﬁart E0PamL Ohtof pEBoRA’ and 508 a %ﬁ hysePEeR] ™ t h
hydr ogen at a@ldiRaoh prtgzemovadthhdeat, phest Mdtam% ddve tfeppeavaniidyni t h
a nitrogen/ giar.2nmixhyrvay T¥chyled wiel amheat @tdhandd¥a byndeal wiesef nitrogen).

The rati d%fcdﬁass_l@ﬁs AQneetbal Sod O 18RS cBhveXd [deS whs I8 cernefl ihedugt i on”)

was 9: 1. I F r n_in e Jdig( E%?

~A tubul ar reactorgg lﬁl’a’ure Eé?ﬁaﬁ%§ QY) ?h 4& ok iﬁ]dl%ﬁepgdwg was
packed wi t h 258 ?5#4 ]P {3 ﬁ&&???b‘f’e‘if cgtogl' Exanpl e 1. The
passi vat ed c?&tl&F%Yl%-s > 8ﬁ)acE¢Wéago@e¥ums>fh3 600 ph g ther 88%h of ni trogen
(500 1/ h)_ urgdecaivbspldoppegr fsguran hpitial 503050/ 28¥5&ile the

10 r ai s451g;dnherg9@mqr@tauhedfﬁﬁna3@[earr] Cto 280[err]C (during which tine
previ ously unconverted CoO was reduced to Co). After |owering the _
reactor inlet tenmperature to 45[err]C and the 5 reactor outl et terrperature

to 85[err] CThemeaftextidie Wasisubls iand ammeria fpedowar Pfidsdgdeodf o \p

with a m xt uhe chtdDfstnivelgepératatiiipotnheri¢astcd00vet/ 2 diovasmehi 20¢ed aﬁOO
1/h of hydr egedtal npresisittet b@N206 Cbarzer(auesodnelhe@tf hpdesherf)QUR Fén@sed he
‘;gﬁgl ?:Jgnn%sq ttartlf: @néé?zlld\lé’ﬂﬁléﬂygn@qSYbﬁs a(7 tabegép : ulceHngﬁr tlhgf]e 10
m xture contlgﬁgggggé ﬂthe@?lgggl‘?ltiD% é\@g b t IQ H]% da% (ENS %&%4 5% of
HVD (ACN selR&&R YREG° %%%° AER sl sede %‘Y’\ﬁyty > 999% . Following a run
of 3,600 h, the ACN selectivity dropped froman i nitial 50%to 23% while
the 15 copyeishpler £nRipiedquBelandfibgenation in the 1liquid phase

A tubular reactor 2 m in length and 2.5 cm in internal diameter
was packed with 800 ml (1598 g) of the passivated catalyst of
Example 1. The catalyst was then activated over 48 h under

30 atmospheric pressure in a stream of hydrogen (500 1/h) by raising
the temperature from 30°C to 320°C (in which period residual CoO
was reduced to Co).

After lowering the reactor inlet temperature to 120°C and the
reactor outlet temperature to 140°C; the reactor was supplied at
25 MPa in the downflow direction with a mixture of 180 ml/h of
3—cyano-3,5,5—trimethylcyclohexylimine, 1700 ml/h of ammonia and
500 ml/h of hydrogen. Under these conditions the imine conversion
was 100%. The yield of
3—aminomethyl-3,5,5—trimethylcyclohexylamine was 94%

. (selectivity: 94%). 3-Cyano-3,5,5-trimethylcyclohexylamine was a
hydrogenation intermediate and hence an indicator of the catalyst
activity. The concentration of this compound rose from an initial
0 ppm to 1500 ppm (based on the reaction mixture) after 5700 h,
so that catalyst regeneration appeared to be necessary for
product specificatiqn reasons.
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Thereafter t8858(%§?P?| e and ammoni a feed was switched off and t he

catal yst regenerated in the reactor over 12 hours at 200[err]C and 20 a’
total pressure of 200 -bar (at 500 1/h of hydrogen). A renewed startup
under identical conditions (see above) ¥ oduced an i ncrease in the

sel ectivity Teers@fterrhtbeimititile end adywinidafleed wrseswitshed exff @ndt the
initial sel ecataldyist regaﬁeﬁwmhﬁ fhe Hactdrbedehyxlr pgabasdeT andt Aecdiaqui d

\rzggseacked b Ale beass q&gpaZ (B! Bo bﬁm& faafalravdzoéerp)m mnréﬂéeé@%taegaﬁete e;
The (F:)at al y %Bgegqaéemtlé%? cc%r@d.t?l.ong i% %%% g}g %{% & mp

t r| T Sess
a stream o% e aESOWﬁ?%trﬁfrlPal S r?d) Pp{“h tﬂ%"mﬂérag ‘i S§0F@$r] C
to 320[ err] Co¢em adimosk perplrrelasrestPrathoo itgabnitdddcaativin) .
After lowering the reactor inlet tenperature to 120[err]C and the
reactor outl r at 4 C _.t.h or | ed at 25
MPa in the dg’\%\% Ifogrg\!/)v(?’dl rgc ?%%ev]\iﬁ gks %ﬁ ulrogl 0 C%b lrﬁmﬁzdo#?ﬂ
3-cyano- 3,5, 5-trinmethyl cycl ohexylimne, 1700 m/h of amonia and , 500
m /h of hydrageibuidideeatbeser aORd Lévdih taha 101 DecrCdnvehteninl diwaetdp0%
The yi el d of 40 s ausngieh hed 13, 5135 kg B '%,YxleCM&{ bth ffed'as $4¥ple

hyar ogenat | Of | SReEeRoAE A 0 St aphe ‘fﬁ’hex eolietoulf i ivates

hydr ogenat i on an | n

activity. Th&®ordeft A5t ?6h ‘bﬁnfihﬁst%"cﬂ{‘pé’ﬁﬁas%%é’# rontaa (Jfﬁd(‘-iyc&lng the) ppm
to 1500 ppg femsiatinenirpe oxids itoninex} re)fizst epas7@y Ritrogey thirgugh
cat al yst regehersdtdcaorappeéatiech trepbeciweredeanyttogen stppobyicétexpexdithi cati on

reasons. hy@5d¥r@d428ng the first 24 h. 11 Thereafter
the nitrile and ammonia feed was sw tched off and the cat al yst
regenerated in the reactor over 24 h at 300[err]C and a total pressure of

25 MPa (at 5d6tey HoyRripdrbemeachor ehrlftd temperapure tedél0iand she
condi t i onggaseaiiote optddt ceshperditapei to t185°C, Sthetmyaredravas couppddedat i on

t;) 200 ItOprr} hh@dr i tothe sAduet olags wieea Ll AORE xtARRDbLEt 80 Vkd AS ber Ied tod
its initia Y | e Bal i I |
phase 10 ﬁﬁlt? b#u(% g.r/h of w g.mrli-‘\on£f 3?%4@ QtM&Hfagﬁ 241 O arb8gn! 1 AY

reac I,n_1 nt na

di anet er vva%‘5 2 ed B PP £ hﬁlgﬁa 9) or tl;i ‘cc’:a?};ﬁ ?gfdog‘f‘%?tnlet (400

Exanpl e was rec1rculated via a héat exchanger (giving a recycl e
25 Sstream temperature at the reactor inlet of 110°C). Under these
conditions the ADN conversion was 70%. The initial reaction
mixture contained 30% by weight of ADN, 35% by weight of ACN and .
34.5% by weight of HMD (ACN selectivity: 50%, ACN + HMD ' :
selectivity: > 99%). After 800 h the catalyst was specifically
30 deactivated by switching off the feeds without rinsing.

For regeneration, the catalyst was treated in the reactor
initially with nitrogen (80 m3/h) at a temperature within the
-range from 200 to 250°C and a pressure of 15 MPa, for 24 h. This

- 35 was followed by heating to 270°C and stepwise replacement of the
nitrogen (80 m3/h) with hydrogen over 5 h. During the replacement
of nitrogen with hydrogen the temperaﬁure'was likewise increased
stepwise to 380°C. Finally the reactor was maintained at a
temperature within the range from 350 to 380°C and a hydrogen

40 pressure of 20 MPa for 24 h. On a renewed startup under the same

conditions as indicated above the select1v1ty of the catalyst was
back to its initial level..
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2 (degree of0QY#A&7%h 9:1) and then the: cat af yST Was activat ed— over 72 h

at 370[err]C and a total pressure of 15 MPa (r mai ning iron
oxide to.iron) by first passing nitrogen throu@i‘t m %H -and then
replacing the nitrogen step by step w iR kogen WUl first 24 h.
After lowering the reactor inlet tenperature to 110[err]C and the 20

reactor outl et terrperature to 135 [err]C, the reactor was supplied under
a total preé’?urc ayf:25 MPa with a mixture of 30 kg/h of ADN, 50 1/h of
l'iquid ammoni a and 40 standard nierr]/h of hydrogen. In addition, to .

remove the heat ., th¥eell MBS Lhephe %a'ihh —é’or(t%qulng dddhoutfas pieCi rcul at ed

‘via a heat5 exch n er reamte ture at eact or
inlet of 110[er %I‘é’rnqgﬁeggmpgmb(gﬁgf’ftf’bﬂknq & g%ﬁsgo%rbeerusnlsg uﬁﬁé %O%
The initial rea@d ﬁn“nl'rfﬁ%e&r Borgd i i th &Y 3098 By M EhPT 83 D9SNCE38%6 by

wei ght of ACN amitalysi. StoteppecatinesnoEVbelaCNonal senperaturesemd ACN +
HVD sel ecti vidlgvazedNfdrofehepaBiihlh preesané alry theWpse st forC absenad)
deactivated by 4 bCBbNge® | whiienf €gfsriWeshout rinsing. - For
regeneratt®n, the catalyst was treated in the reactor initially with
“nitrogen (80 n{err]/h) at a tenperature within the range from 200 to
250[ err] C and a r essuing af catmlyRs, couprixing aThdbaBSs wad/6vl | owed by
heating to 270[ err] Grandcsheiting eephbgsdenndof the nitrogen (80
nmMerr]/h) with hydrogen over 5 h. During the replacenent of nitrogen -

wi th hydrogen the tenperature was |ikew se increased stepwi se to

380[ err] @5 Fi naRly af&ereble gionNgs shar nagase@ratPe compodRgeFatR® e wit hin
the range from 350 thydzgogmatrddCaaddon bthealrssdentivipy dasgdeonftly depdredr 24
h. On a renewed st ardridguutidieds tdre haagedroppeandelowns cefinadi ealwd cabene t he

sel ectivity of the Qa‘i’rfoﬁh!séfvﬁﬁ unwaR8&k ByQ-;JHoaubB' Ed@'r:.'s@l’iei)eyondl@

0050/ 46753 lneﬁI al 1nt rru tlng e %a@!}.ml by stjopplﬁ‘g
process f preparin ag :I‘h cont r@;&o g uﬁ(s 4 of th
hydrogenat®ng a co E%n‘f n§°ﬁ?°‘F el fedgand of the

car bon-ni trogen bon®oAvERthyHf SfeR/i n the presence of a - catal yst at

t enper at ures not bel ow room tenperature and el evat ed hydrogen
-part_l al pressurec)l n %%t@ﬁ&sﬁ{bc%a@aJ?péewpfrom 150 to 400°C with hydrogen

using a hydrogen pressure within the range from 0.1 to 30

25 MPa and a treatment time within the range from 2 to 48 h,
and

- d) subsequen'tly 'co'ntinuing the hydrogenation of the compound

30 containing at least one unsaturated carbon-nitrogen bond.

2. A process as claimed in claim 1, wherein the compound
containing at least one unsaturated carbon-nitrogen bond is a
C4—Cg—alkylnitrile, a Cs—gg—cycloalkylnitrile, a

35 Cy4—Cg~—alkyldinitrile or a Cs—Cg—cycloalkyldinitrile.

3. A process as claimed in claim 1 or 2, wherein adiponitrile is
used to obtain 6—aminocapronitrile and hexamethylenediamine.

40 4. A process as claimed in any of claims 1 to 3, wherein the
hydrogenation of the compound containing at least one
unsaturated carbon-nitrogen bond is carried out in suspension
at a temperature within the range from 40 to 150°C and at a

15 pressure within the range from 2 to 20 MPa. . '
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subsequent|ly continui ng the hydrogenation of the conpound 30
containing at |east one unsaturated carbon-nitrogen bond., 2. A process
as clai med i% cl&iBROFeSinEPRineIcRET RbRID fhFoPalt= a’lfjdl?f-’a?ﬁ?’h'gf‘ﬁ’ttail@ggﬁ one
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or 2, wherein adfﬁprgg tf?cbhez'fo '54\8 n. - used to obtain 6-amnocapronitrile and
m e. .

hexanet hyl enedi a 0 process as claimed in any of clains 1 to 3,
wherein the hydr ogenati on of the conpound containing at | east one.
unsaturatig carbon-nitrogen bond is carried out in suspension at a
t enperatu within the range from40 to 150[err]C and at a pressure
within the range from2 to 20 MPa. 45 0050/ 46753
13 5. A process-as clained in any of clains 1 to 3, wherein the
hydr ogenati on of the conpound containing at | east one unsaturated
carbon-nitrogen bond is carried out in a ' fi xed-bed reactor in a
dOMﬂf|OM/Q upfl ow process at a 5 tenperature within the range from 30
to 200[err?C and at a

25

30

35

40

45



pressure w tOPF0{46753nge from2 to 30 NPé.' 6. A process for

regenerating a cobalt- and/or iron-contai'ning catal yst, which
conprises treating the catal yst with hydrogen 10 at from150 to

400[ err]C.using a hydrogen pressure witiain the range fromO0.1 to 30
MPa and-a treatnent tine within the range-from2 to 48 h. 15
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-Preparation of amines and aminonitriles
Abstract

A process for preparing an NH,—containing compound by
hydrogenating a compound containing at least one unsaturated
- carbon-nitrogen bond with hydrogen in the presence of a catalyst
10 at temperatures not below room temperature and elevated hydrogen
" partial pressure in the presence or absence of a solvent which
comprises ' '

_ a) using a catalyst comprising a cobalt- and/or iron-containing
15 catalyst, and

b) after the conversion based on the compound to be hydrogenated
and/or the selectivity based on the desired product has or
have dropped below a defined value or the amount of an
unwanted by-product has risen beyond'a defined value,
interrupting the hydrogenation by stopping the feed of the
compound to be hydrogenated and of the solvent, if used,

20

¢) treating the catalyst at from 150 to 400°C with hydrogen
using a hydrogen pressure within the range from 0.1 to 30 MPa
and a treatment time within the range from 2 to 48 h, and

25

d) subsequently continﬁing the hYdrogenation of the compound
30 - containing at least one unsaturated carbon-nitrogen bond.
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