orScursor The present fvention relates to an oxidi ¢ comp ol AANMAMI i

5 suitable as a catal yst precursor and conprises a) dival ent irgnsand
trivalent iron in an atomc ratio of dpvalent iron to trivalent iron in the
range from> 0.5 to 5.5 and 10 b) oxygen as counterion to the divalent iron
and trivalent, iron, and.to a process for_ pr i a conposition. 15
It is generOol’f’r%fml(r‘f{?f)bﬁ?s*ib]rone)?ﬁﬁﬁ?}éf? rom FZE%E r%%/cilrfggr | ndustrielle
Organi sche Chemie, Verlag Chem e, 3rd edition, 1988, page 266, or

WD A- 96/ 201Bife gressenadipomittion eetarehechypdr ot SPMPASLHECHMEIERCES of a
catal yst €osWit41RY apr &0kl précwrsdro agiveompmisesur e of

6- am nocapronitril e and hexanet hyl enedi am ne or 20 hexanet hyl enedi am ne

al one. 6- Am pocapronitri.le an I di:am ne '

i nt er nedi at %g f%?"%)]heé’tpr%grér% ‘? gﬁ)ig %%uﬁbﬁal F}J\Hi%‘aﬂ%n&d%%?%gla?@rt% such
as Nylon 6 or NgIOHeRt61T98 §9 HXJIVRLER}t abid For ti{ﬁer tialySt To° Have a high
mechani cal strehgdthanghd a | ang operating life and to give a high space-tine
yi el d of 1ohe desired products 6-am nocapronitrile and hexanet hyl enedi am ne
or hexanet hyl enggyger N ab@Receridh ¥ pRétdiwdl@nt then catdltysvasémoulidogive a
very | ow | evel of undesirable by-products in this hydrogenation. Such
undesi rabl e _by-products can_he s 0 desiigd product only with
difficulty. aﬁé “Ip‘hL%,prf’S?S%xfaorrrplper, B?ﬁgﬁﬁ%d{%}g?ng?lﬁ%n oflogdi ponitrile to

6- am nocapronitril e and hexanet hyl enedi ami ne forns_ vari abl e anounts of,
inter al il Iteis adpreredipkrevy THAY, exampha FroBy URSAIMSHEATRRe (1 CCP),

2- anmi nomet hyhayst ojEaniey bagames dh@VICRani e 4 Vel 12gd Chemirc y3&do Rékbien ( BERPr and
bi shexamet %eaeiéé,amrneméwﬁ)melst, £ Batk naiipoht ori 145-0An3 b8 9by di5yetniaged
AMCPA and r bexasmiiyiagegi edimigaRhy drh tgr eat
difficulty. ,ngggaélﬁ%ﬁl,gél %%?g ja;rri%rrgéxs_o J’s%%r é?ég%%gaqufhﬁyfg&amg apd
THA | ead t o PSRN ARE BheP gy cOStS. & 98/ 11 i sé[0ses a process
for prep®d Rgrarprhyleneddamips i Cril es by hydrogenation of the
correspondi ng 0050/ 52988 2 nitriles over iron-containing catal ysts which
process di sgl-amsnbéggrondtal ystamparextinaghylamesiiandng edes timpporiest and al so
makes | ow by+REPHEEa1ERNEBRt £R igtRpapasSoR| ¢ iHdustridl pxdmpbet@nt a t ot al

selectivity of hexage hylengdigmpnes and S 6-ami nocapronitrile at a
DCH cont ent pg)flyg'%ﬁ% %%rlﬁ %)énﬁgr\%}éA cont Znt of 430 ppm and an | CCP content of

80 ppm bakkd on HVD is achi eved at 80C. A di sadvant Ege}éof he.grf)cess
di scl osed i St hE PN LBHPeLSF orPoCat@E8hi 19 iTaYnRi ¢h9 t‘“‘%ﬁt.‘)‘é“r’“ 2only. 47. 3.

Thus, the spawengtheand el doof epezatdngcdste jand keagive ot sRECETtI™ an
obj ect of tRaepHeseNnthd Medikanptadyatsy bdaninarrpront bf bien@ndonposi ti ons
from whi ch ifeya%ePRYBd A ai@n b Al Hexadie8hy Sésed iRmiheselgnesance t he

hydr ogenat i on _of. il bg;gard i Oliby | tgghni cal ly
sinpl e T hrgicilad, G L2 AITLCSHRAN DS A IvellyOtiby | Tl

n e ovefrenti oned.di sadvant ages. we have
found that tYidesdppRle R¥sPIOAP \:/%d“b?g‘tlﬁegg %%qnggﬁghéd oxXi dig conposi ti ons
whi ch are suitable as catalyst precursors and also a process for preparing
such a conposidh andeg2iratdeobyi-pyodustisheapr be etapargieft fHoM e d8R1 17
conposi ti on plyauleti enbyiviall didsieulmt.al yst precursor conprises

35
Thus, for example, the hydrogenation of adiponitrile to
6-aminocapronitrile and hexamethylenediamine forms variable
amounts of, inter alia, tetrahydroazepine (THA), l-amino-2-
cyanocyclopentene (ICCP), 2-aminomethylcyclopentylamine (AMCPA),

40 1,2-diaminocyclohexane (DCH) and bishexamethylenetriamine
(BHMTA). It is known from US-A 3 696 153 that AMCPA and DCH can
be separated from hexamethylenediamine only with great
difficulty. In addition, large amounts, in particular, of AMCPA,
DCH and THA lead to [lacuna] and energy costs.

45
WO 98/11059 discloses a process for preparing alpha,
omega-aminonitriles by hydrogenation of the corresponding

[
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a) dival ento050/52988trivalent iron in an atomc ratio of 25 divalent iron
‘to trivalent iron in the range from> 0.5 to 5.5, preferably in the range
fromO0.57 to 2.2, and b) oxygen as counterion, preferably in the form of
the oxide ion, to the divalent iron ang trivalent iron. 30 The proportions
of divalent iron and LEiyal eolookhoni R €380y LDs [ plbcesomapibyen is,
for the pur b% Of OUhe present | oventi on, &(Eterm.q:% by, geasy iRgeLhe
proport i onsh&gh (ﬁ%ilé(FFiﬁg%emgs bY%%éW[é Bi %?%Vlgif?fractl n Qqn a D5000

t het a/ t het al@® hii-pirodeebrednaentrpbHPS aRsRdbleer ) %Fﬁ@“‘édo%s 8of t war e
for eval uat tepal Iselacpiefey refd 98B dde frerexamehby beaefl iamdésApdRd t i on conpri ses
di val ent @ng_miMl8RbnitPMd ntt BeDEMrdBrRfentagRel 1@ ppmhi eh AMCER0 the i deal
case can _becgfg@%(é Qfﬁd 48Y 15&@ 4 B! 2cde3IUhtehtCosf 0 | baked |drl D4 isand
the additional gl yalenfoldon RALLLY AL dihall Yk NidieskonTofodhis il fne N 2
parti cul ar | $PFeYet Aq % &nbodt FERES ?[orﬂ>,6 o 5% 0 pardigHlar fpom 1.2
to 77~, of LRAE YRRHATERLD| PHRJIPIPLELENT THhEY 6 3 SoLy i 45 eorafie 45
pur poses of thhespaaesdarime; wiekd jadn thivespFacesiss 18nupsH-SERCERTHf the fornul a
Fel XO where 0 = x = 0. 16. 0050/ 52988 3 The wustite content is determ ned
for the purgeses of ddieckr88eide ipreesht OinvsntiBASTS i pipvtide proportions of
crystal li ne phases, IESER! Bipdbdabndl ELGRGHIRN 98 s RARONLECL/dHaA

m" Sl ns ;

di ffract omet&f [T70 e , rmany). usin AS. S0f r:

eval uati on. CPRaAYLF tifel BF%f%rrerseed’cgn%%%iishr?@nt?:ggfigl%ﬁié| clggw%ssisct?i on can
further conpmisesgar Renrerrsrd Wt B At ISHr e of HIF F‘PBHE’@."HE‘]’[% 0. 4~
by wei ghtis iavopdattg ctileambbremedtioned digadyantageght, 10 based on a), of a
conpound based on an alkali nmetal or alkaline earth netal preferably

sel ected frq (06 QA ¢RASI ShidBrFbcki 16 dinievedi by tiEotadese ude £ imedi di um

cesi um nagnesi.um I xtu f cad®lvdt preEdatder d
oref erred gr%%glgﬁe%%},gpc{ctﬂt@oﬂg] b MreUE e St RN @ef cadd st ar s an

e _0oxIdic canpo o) . r conprise c) from
0.01 to 5~ B}SRePgRtOCH S 8F aBT TP13) %!Jéht% ﬁjt?%%é(?[ght, in particular
from1l to2@~ by weight, based on a), of a pronoter based on 1, .2, 3,, 4 or 5
el enent s selmcoedihgo tihe prosent Giyiestialy, drhealoFAfihe FOmROSLELAn whic
zirconium 20 tshtiagblén &G ¢apallysinpriecupaot i aanparisaspr onot er based on 1, 2
or 3 elenents selected fromthe group consisting of alumnum silicon and
titanium and d).froam0 to 0.5~ . Wy + +BLef erabl oD Qb off0 0. 4% by
wei ght, in pArt iddmagfngr brrﬁrb.a?ldt g}{b&?ﬁﬂ{/ l\fgﬁgﬁiig %%%\iggr@ > @f 53t0
conpound Based oH-VAteRFKEFOD it &F 18P ArRRI Fe ea%tsah tal preferably
sel ected from t e Syr pupferaRixiinnghefrandenitaaP Sodf 0 2g§r a¥%f um rubi di um
cesi um nagnesiumand calcium In a further preferred enbodi nent, the
oxi di ¢ conposj t i Sy dedn adOcburiddidions oppefembilyoim Ot Form ¢f Bie weiight ,
preferably from 0,00}t @nd~qfya1eRit0Rton | dhdrtivaLemt ifroam 0.01 to 0.2~ by
wei ght , b§§ed on a), of nmanganese. The oxidi c conpositions of the present

i nventi on“Can 35 advantageously be obtai ned_hy, heat.i i ch
conprises irBi RPOPGERLY ,°€&H§g??‘éd’fr°6’ngn§rt%%?aelegg Eﬁgﬁgg;%s%%gn?g c),
d) and e) anthhaxishcacompesitdonoisi tRYHENPUFPAIES &t FPYHEHr on. | oner
than that defhweation,ajleterninedpbysuersuniingathe RKINAF tigRALOF CTABLRLLERE t he
nel ting poi nprhgfed HReBERE UbE A-rag0dABETddaionand @XNEPHN- thatad tiatg

precursor 3s h&ff?a&%ﬁ\%itgke( £ £0rH B8 eREBE U GRAMANGP "RE iy ITQPAB Ofofrwate, foron
hydr oxi de or |rfn axl de hydroxide, for exanple iron(l11) oxide,

iron(11,111)®8Eon(11) oxide, iron(I1) hydroxide, iron(l11) hydroxide
or an 45 iron oxide hydroxide such as FeOOH. It is possible to use

synt het i cal | yIpradrefersednerbadmentontikidedici FOPIRIE 6Ri 885 %1 5% on

oxi de hydr oxddeslerer gindnaghealdrs, iwhhchnithe formded|naopesitepodpyddss 4
can be desy ikhedi@sa1Fe3@4, chn B idescrivbéd by nhehéoined Fea8e dam-bas
described as FFgf gﬁf : H%,,haa%'&ai:héeadd/if’cii%hahndi&ﬁérﬁeakoﬁqsam@npbe
described as © i S & ong Of w%%q:?ttgot e%e%ta§t§éul§91ya?>§e§érm ch may

. form
optionally b@k‘g . n-B& present in, .ecyrsog_1in e fo of ¢
oxi des, hydr 6RPE8ETeHhEroBat t& & *O%or YAk éL(?qugF Eer.'f'fq“.1 }riiat Fétieg%;l °
chlorides, cahbodavalerdr isahf &% earesentsan t theffogPgahi WHdites, F8* ¢t"% or nat es
or acetat ess purposes of the present invention, wiistite is an iron oxide of

the formula Fe;_xO where 0 = x = 0.16.



10 In a pred@50t52e8®o0di nent, natural magnetite is enpl oyed as precursor.
“The conposition of such a natural nmagnetite can, if desired, be nodified by
addition of one or nore of the conponents c), d) and e). 15 In a further
preferred enbodi nent, the reducing agept used is selected fromthe group
consi sting ple IfiQlls (LGl GIPILSaSBEIHGRUELE Gl dulipostorBnishespesidaed in
d), manganese, car %o and m xtur g theor%%‘liogéegfrﬁ-gzsiéafﬂﬁé:tp%s gom the
group 20 cohRV&RHR gY ’f“??ﬁi‘,’flé'fjuﬁl U Bragnest um. carb

thereof , i nppesantcBYak-raniffRachhefif? GfDF%IQJc“rk}'F&aég At?required to set
the ratio ofiiffiraitentter onftam SienenentCarngny y peing & Pé%cwfgawwget 6% he 25
present i gvgpiiwdtilon.t he oxidic conposition can readily be determ ned by
nmeans of a few sinple prelimnary tests. when iron is used as reducing

agent, the additjon,of from1l to 50~ wei . 4410 : Re total
amount of i fBn? aéi’lf%ro%/ effrﬁrdegen?dﬁeq eggée(%lfdlgr co giﬁggﬁﬁféﬂnd to be
parti cul ar | fuBEhemCagesHEe IhdroRi 8i 80 dmpob¥t Yord i PrRESHFEent Ol nvent i on
can be conver@®dtd rit.dtshpperid /oin UPRTISORAEIEERE Al yst8, O pt By AGLGhT
unsuppor hedpabed adralayst 8f ascampeupdebasablop asealkaki metiprbgehalddingn
particul ar gtk heedadpegesdnign seledtdd idremgrhepsrdup awnagsgiraups, for
exanpl e to Gopert ALRAR| tdddsithy PuBditu,eceéidn ARagReapIRMHNd i | e and
hexanet hyl ene§| amne Or .| gltloesh &gg@&?yl enedi am ne alone, by treatnment in a
reduci ng at BSPhEP SO ME*¥EREFR &6 ) for exanple by exposing themto a
hydrogen at nosphere or a gas m xture conprising hydrogen and an inert gas
such as mis Zogenfuttheroprebernes Sobodipens et PXEEHMCIBOOELEUFDE2 Y or from
2 to 120 hogugthéleranmprieesppctromel0elt o diebyt Weight alpyetferably éfrerabl y
from 2000 t @ 30900 Hyapeagse | Hepattobuldr Eabal ysto e byoueighitie based
activation egn. aovatAgeauslLy: sl bhed, ot 301 42619 dibnklies sOBREA2988 5
synthesis réactof, since thrs, usual Ly saves an Lot eLdediAteosi&p, Which is
ot herwi se nécEEsERS IR PP PEESIVal on oFsrluhé sur?a‘_r(;e' £ ugually fram 20
to 80C, RRftditapiymfangnvanagpupsdn BerhiGHATHA 8%2@% rnfﬁ’t{“rs glen m xtures,
e.g. air. ThHeeldenents ismieoted fromithgt HOBRICANFIEEING Y SLBPABYY carri ed
out in the syntibesisnd adebalual drdox)188om® 300C,. Shriey etedighy, f PERASIGH Y0
350C, in a hydrogess cQitoaiski BY wdighenhen eparieudat at yat 9 .aarobe. 2 ey as

(Lot Ded qllohst Spddd 15 7L| O PoobfodRirdiat nc ates Sksvencsd

cat al yst s, aftin terfals for e h nat.j n

advant age%ﬁlﬁaﬁénﬁa%%tg?'f‘ﬁltf h%’ﬁ%fﬁ%pﬁa?%%cqc%%d?%{)@Psrféégqggst he formul a
15 NC- ( CHZ) recoRighéng 9f ilsltahuwnt%ﬁ’é#mrvreﬂ’fisﬁgs&“&o%’“?h Pat CEGEET 2, 3, 4,
5 or 6. Partnagmeaiby grdefedlcédmeonpounds are succinonitrile, 20
glutaronitrile, adiponitrile, pinelonitrile and suberonitrile, very

particul arl ypprefarahly prdraentd rédsvdikeat pbave-cddadci bampadiiniibni tas are
preferabl yo ALt hal! ¥o 'Ef%g%%t;@.ddh e 1R B GROGHR| Bréiduundydikagnt and

one of the abovemnen ed catalysts to. f | - AM BRNLLr f
e O o e DU Y cRREy i HEPTAEL AL, BB Bl e

Parti cul ar | yogrest pr allr £ T3RPRRFFRs are ones in which nis 2, 3, 4, 5 or
6, in particular 4, i.e. 4-am nobutanonitrile, 5-am nopentanonitrile,
6- ami nohexanpy toxikec (éémpositdoaprahithel beejent-imvienthepteatonitril e and
?f a[“h”0005§[‘£’c§\ia&{tiab€ou¥§§ Yoe3obRALASE Lﬂyalhle_ﬁti)ﬁ@fai‘rg&bbyrﬁeflrﬁh‘immaﬁbmtpiiséd e.
e reaction i | (o} e 0} u
t enper at ure ﬁor}’h%x&%ﬁ gﬁhr'olriﬁtagg%%%og bpgléflgfgj:iazt? Eggié 0?:3 158923’:1':
particul arl ydbraépeleéng M0 o &2 HRe :
iron lower than that defined in a) in the presence of a reducing
agent to at least the melting point of the precursor.
40
As iron- and oxygen-containing precursors, it is possible to use
precursors comprising iron oxide, iron hydroxide or iron oxide
hydroxide, for example iron(III) oxide, iron(II,III) oxide,
iron(II) oxide, iron(II) hydroxide, iron(III) hydroxide or an
45 iron oxide hydroxide such as FeOOH. It is possible to use
synthetically produced or natural iron oxides, iron hydroxides or
iron oxide hydroxides, e.g. magnetite, which in the ideal case

Bn and “'m xtures




40 pressur @050/A5288& I |y chosen so as to be in the range from2 to 30 Mra,
‘preferably from3 to 30 MPa, particularly preferably from4 to 9 MPa. The
residence tinmes depend mainly on the desired yield, selectivity and the
desired conversion; the residence tineais usually selected so that a

maximumyield is ?ggile%e 49, exXaPh£d Nwhhen! angthd Haendlcdse 2an

n_ be €

EOFe
m nut es, prce‘? erab romq’;(ﬁl 0, d tes. . 0()&% 8 | fgen1S@SBENSI ON
hydrogenati%,deﬁﬁéﬁ’?ﬁlﬁsd (?F{)ﬁekr?ﬁq’ug}e%egnsaﬁrlgre’era célzgrgr\n%ﬁ?a, anl am ne, a

di ami ne or ¢an Meafeperiked 7§ FF¥MA1 to 6 carbon atoms in one anmine side
chain, e.g. trinethylamne, triethylamne, tripropylamne or tributylam ne,
or an al cghphe dne Brpaéid avmponaetdariol dor ard henahichamey cRRECPALAY fr abl y
anmoni ab Tché;gﬁﬂtt Eghfeb&%}.fé%@?l&aih Othd q;raduagbﬁghmtaleyfbmtdfwmteidlge, from 10
to 90~ by werlght,. pre 80 3 3QTc by v glal. g . pALtiddsar | y
preferably ¥%fﬁ’_ﬂ‘8gf‘b %ggebljb)éﬁ a\iﬁe—'?ght %)aats?%d gp ;thcfstgp gk gsh M tadike, and
liquid dil ueptorifdesynga oftc ‘E”a ySt ‘enpl oyed is generally in the
range from é&.¢o BEmaygs\eF ARCtafPEferably from5 to 20~ by wei ght, based on
t he amounp of dinitrile used. 15 The suspensi on hydrogenati on can be
carried out thaj ghwirserea @fsfdmehky santialucaghgtiterisr ghbyoyed @%e | i quid
phase. TheI gggg&pgoﬁhyqﬁegwﬁgdﬁmeanpﬁl§9:hba ﬁa’feiieﬂ mgmefiterggnse igr
cont i nuous In_a TLxed-heg. : Vihdte BET LREV fAts
general |y aPeFHoei2d% 80%5%(%(?%&;?%?%%@!{1%%%“%0 fo 90C, and a prpgsure
which is gefiérafl y2i%hehe range from2 to 40 MPa, preferably from3 to 30
MPa. The }Bartial hydrogenation is preferably carried out in the presence of
a |iquid di hueat fuptheie pabfgreatmembadinentymthe, raderHd RgepF ‘és?cfilzfm ne
havi ng fromg2bedtdd® romathengsiupeonsistim@rifnérendetichailemeaty).
trimet hyl amsgéctitf{é'ftiby'cﬁrﬁ PR d1dmRh@BYESeE ¥ edr ihr @ putndnganase, oraxon
gritcu

al cohol, in ar t hanpl I e |l phePiebepabl y
anmoni a. 1 n3 pf‘é*‘é‘?l?eesdr{g’ﬁﬁ%ggﬁef%%ﬁgﬂgn%eu%r%g el i ;Jgugg‘gls@ so as

I "
to be in 3heorahgeing gh 1PB 1 ‘Bfl“blfnéf@?%rb?syluf“r’orcng 06 g, per 30 g of
dinitrile. Rhefrep€ncin ipargigesa¥ t¥®space vel ocity over the catalyst in the
range fromO0.1 to 2.0 kg, preferably from0.3 to 1.0 kg, of dinitrile per
liter of cat@eyahoRSf dOWedubler§ dqemt rbquirewernsiseh timel ndvio phe
selectivily £, afidip kel Dyvaldl liien! Bﬁec{fﬁﬁi@e@eaeezfd;;ﬁ; t85tfke partial
ydrogenati on gives,a mxture_conprl.si s adily be
onmega- ani %rﬁrte%lelné éﬂ‘ée'gilﬁ“ﬁla}nognlgga({%dg% gb&éc{)lr%}?gkgrgygé ehation gi ves a
m xture conﬂqfeﬁrﬁ‘gnaﬂp?ié,me&?égafdgafrﬁwnélmﬁge e désitet product or products
can be separated fromthese m xtures in a manner known per se for_such
M xtures, fofhexdaphei®ynsdicstisl reduomimmagert s athe @dditien b F4rm: {otP
processes argyg wehere JOrirexanphsed ion Wik 96201 @Souwd O8/ixrpe59nd WD

99/ 44983 apd Y0 GOLA4EE4. P (ReAPPLGEra0:Q0RAL5RSNS soubNanple 1 Pr eparati on

of an oxi po |thon cgccn%ra%i nggto the present invention 5 The
conposi ti on REEYFERAFEPNPA TEPEI NG  a i xture of 900 kg of natural
magnetite and 75 kg of iron powder at 1550C in ajr. After the nelt h]z:ige(peen
cool ed to roDne tensecatameositdoas| PEi thePrefRBE cHNFTSOPofPNa® A tp of
the fol | ow ngatd Gubporbydwed ghtsupbotterh cadalysby, \ruefierably nifyRResEec0. 08
by wei ght 387 (2L sHYJHEN 0. B Breeir@bly aisezhlifor uhydihgmaliyonei ght of
magnesium 0,lg :R%/ul\ﬁj ght Ofe SiydregBnafidhl dy niet ghé groubbt ol aminebal ance
oxygen. The @ggiéﬁ eaﬁ%g”%?u% Vs AonvopsefhifRnlerite f@bak mek@ite ofhe
atom ¢ ratlOG-aminééaprgniLLi{gté%J: Exgmggﬁyféhggigﬁfné“ééﬁinto
hexamethylenediamine alone, by treatment in a reducing atmosphere
40 (”activation”), for example by exposing them to a hydrogen
atmosphere or a gas mixture comprising hydrogen and an inert gas
such as nitrogen at from 200 to 500°C, preferably from 250 to
450°Cc, for from 2 to 120 hours. Here, the space velocity over the

catalyst is preferably from 2000 to 10 000 standard 1 per 1 of
45 catalyst per hour.

The activation can advantageously be carried out directly in the



Exanpl e 2 msrer/meauon of a catalyst The conposition as described in
‘exanple 1 was conmnuted in a jaw crusher. A sieve fraction of 1.5 - 3 mm
was screened out and reduced in a stream of hydrogen/nitrogen at 450C for
72 hours. 25 After cooling under nitraggen, the catal yst was passivated

using a m'xst ur.e . of o 1 3i I gk QedidyiQUgBui Ply & | @l Dd ]
s s Yol fpd5 wAdPly &aRek!l 8 tedheltdts, st h t he
ﬁiﬁf{ih“rééi”ﬁiéttg SPobElel R S U SRC s axal e 1 <
: a oge_na(;o of .adinonitrile:in gpxed hed Lhree
tube react o¥s uSYRAREE LERPT 1F0sEPI &S Yt BFSFeT NGt 9472 TR °35-4 = 21% wer e
charged wi td¥ bkygah/(23®agh pixtieesoaralystipr dF&r agtH¥%ata: Pfped i n
exanpl e 25 (JadsivaBedme sty sksats | prefeaal 13 ubseiesnohy tedithee §YPRPES SR r eam
of hydrogen, al.+at"TREPRESH Q glr 65866, 2p0e éigblyrdronh? @0 per 36SEC, tire a
t enper at ur evﬁzﬂgégggg%%%%j;n%?g}iég 13 e340C over a period of 24 hours and 40

subsequent | a ours. After reducing the tenperature, a

m xture of 75.0 m/h of ADN (adiponitrile),. 370 /.h_of
standard 1/Bhefcatalyats f@an et §SeRers ef&ﬁ‘F%}rb%‘g %13’3?? [ﬁl% ﬁégg‘P%?%‘é Stat ed

condi t i one, déwres fosd hodé nex rass shepenged c@sRAVAEY- as a function of the
t enper at ur e: 0050/ 52988 8 5 10 Tenp. (~C)ADN conversion (~)ACN

sel ectivity,{8)HVR:5el fetdMidls Eor AR hydibgerdeidn viusg can
(~) 8057. 979, é‘%%’gfﬁﬂ%é%ﬁgfsg‘?%é“%é£ 8%8?9?%&]197&1‘)11&,dh%anQthrﬂlesg8f999e 8

Conpar at i ve? aration o e cat al
: yst A catal yst was pre
as descr|1l;e§0r-!hum 98/ 11059, exanpl e 2a. 15 Conparative eiarfpl o 2 pared

NC-(CHj)n-CN

where n is an integer from 1 to 10, in particular 2, 3, 4, 5 or
6. Particularly preferred compounds are succinonitrile,
20 glutaronitrile, adiponitrile, pimelonitrile and suberonitrile,
very particularly preferably adiponitrile.
The above-described dinitriles are preferably partially
hydrogenated in the presence of a liquid diluent and one of the
abovementioned catalysts to form alpha,omega-aminonitriles of the
25 formula

NC-(CHjz ) n-CH,-NH;

where n is as defined above.
30
Particularly preferred aminonitriles are ones in which n is 2,
3, 4, 5 or 6, in particular 4, i.e. 4-aminobutanonitrile,
5-aminopentanonitrile, 6—aminohexanonitrile (“6-aminocapro-
nitrile”), 7-aminoheptanonitrile and g8-aminooctanonitrile, very
35 particularly preferably 6-aminocapronitrile.

If the reaction is carried out in suspension, it is usual to
select a temperature in the range from 40 to 150°C, preferably
from 50 to 100°C, particularly preferably from 60 to 90°C; the

40 pressure is generally chosen so as to be in the range from 2 to
30 MPa, preferably from 3 to 30 MPa, particularly preferably from
4 to 9 MPa. The residence times depend mainly on the desired
yield, selectivity and the desired conversion; the residence time
is usually selected so that a maximum yield is achieved, for

45 example in the range from 50 to 275 minutes, preferably from 70
to 200 minutes.



_Hydrogenatlmswswﬁ)onitri le in a fixed bed Using the catal yst prepared in
‘conparative exanple 1, 20 adiponitrile was hydrogenated in a fixed bed as
described in WO 98/11059, exanple 2b. The follow ng results were obtained:
_(25) 2&35 40 Terrlp AtDN c;)nver sion (~)ACNgsel ectivity (~)HVD selectivity

sel ectivi
(~) 8047. B0 h o SUEPEEE L0 F9FR9°RRY Py theobhY md dlluentlgg:ad L go go 45
0050/ 52988 Qr‘%/@réi DAY npmionigy” a0 A% R SEFPED v’ﬁuacﬁrul‘é‘ SUJ th vint £rom

catal yst 5 prexifr %Fbaﬁda‘&‘rﬁprlps@%ea?mldﬁevéllgﬁtcrfar% &nd- t?’f’?f’éﬁ”l am%%% in
an atom ¢ ratlethyfladivel entipnopylewineg jorattspbutykaning ¢ fE "f“ar?glémf“f’ m0.5
to 5.5 ang A&rHlcuAaYINBtREn 10 bt ethamo1,0 palre idaVat lantprefenakaxl ammonas ent

:cron 02 A &R %'lltt'r(iﬂeaéoﬁéé?‘it%QLbﬁ' £ eb!dmaillt&\@é&f)s]fyllrlthHe Ceifel $esml15 c)
e|r g?ent gls; Cft OT%WE)X] Y(ﬁ:&gh asegeggnSII %ﬁ%&og@ r#bf%sg Q8idht,2, 3, 4 or 5
zi rconi um PF%M%%MP%%Q}% i ﬁog 1?)6“ mf'lm ELQ&% t

wei ght, Based on
a), of a cospouwf ddibzsbel Wéﬂqallﬂa‘ll#lq?é‘ttal or al kaI i ne ear?h metal . 3. A

conposi tizen as clained in claim1 which further conprises d) fromO to 0.5%
by wei ght, baseshqihtdbs €italdRaphiydnsied geneaal by kial itheetahgeorfraimkal i ne
earth rmtalto 50% by weight, preferably from 5 to 20% by weight, based on

the amount of dinitrile used.

15 The suspension hydrogenation can be carried out batchwise or
preferably continuously, generally in the liquid phase.

The partial hydrogenation can also be carried out batchwise or
continuously in a fixed-bed reactor in the downflow or upflow

20 mode, generally at from 20 to 150°C, preferably from 30 to 90°C,
and a pressure which is generally in the range from 2 to 40 MPa,
preferably from 3 to 30 MPa. The partial hydrogenation is
preferably carried out in the presence of a liquid diluent,
preferably ammonia, an amine, a diamine or a triamine having from

25 1 to 6 carbon atoms in one amine side chain, e.g. trimethylamine,
triethylamine, tripropylamine or tributylamine, or an alcohol, in
particular methanol or ethanol, particularly preferably ammonia.
In a preferred embodiment, the amount of ammonia is chosen so as
to be in the range from 1 to 10 g, preferably from 2 to 6 g, per

30 g of dinitrile. Preference is given to a space velocity over the
catalyst in the range from 0.1 to 2.0 kg, preferably from 0.3 to
1.0 kg, of dinitrile per liter of catalyst per hour. Here too,
the conversion and thus the selectivity can be adjusted by
altering the residence time.

35
The partial hydrogenation gives a mixture comprising dinitrile,
alpha,omega-aminonitrile and alpha,omega-diamine. Complete
hydrogenation gives a mixture comprising alpha,omega-diamine.

40 The desired product or products can be separated from these
mixtures in a manner known per se for such mixtures, for example
by distillation or extraction. Such separation processes are
described, for example, in WO 96/20166, WO 98/11059, WO 99/44983
and WO 99/44984.

45
Examples



25 30_4.;AQﬂﬂﬁﬁ5298mn as claimed in any of clains 1 to 3 which further
‘conprises e) fromO0.001 to 1~ by wei ght of manganese in the formof a
compound based on nmanganese. 5. A conposition as clained in any of clains 1
to 4, wherein from> 0 to 90~ of the dyvalent iron is present in oxidic

formas wstite. 35 6. A process for preparing a conposition as claimed in
any of claﬁﬁgm?lfo§5, whi ch conpri ses hegtingga pregErsor whi ch conpri ses
iron, oxygen and, if desired, one or nore of the cqnponents c), d) and e)
and has an Rreparetignief om @xddieronnositignt 39SRERRE FP oS Febﬁan t hat
defined in #vdntibhe 40 presence of a reducing agent to at |east the
nmelting psint of the precursor. 7. A process as clainmed in claim®6, wherein

the pT SCul Shhe le%%goﬁteom&aw ke PRANEIHY Re18bng HOERLERE8SE ID0BkghoPr OCeSS
e o Thes o el Bagpfhide AHACTE1 Ry Id° L BAUSOR 2GRN 5462l i a28 H0d
g nststrng of iron, ihe elements specitled Jn .. 4the
el ements spkks Medd PRAAYECHERGAREsES 20D ﬁmgﬁﬁﬁ?#% Ghds ?*kﬁ%ﬂﬁgg'5 %% 15
20 25 30 35cdpdkitAoprweegrades upl af e ifRlAPHINIB or 7, wherein the
reduci ngiegent used is selected fromthe group consisting of iron,
al um num naga W@igﬁ@r&@rﬁrﬁﬁq oL X¥ 3186 wWeligheodf mbmganese, 0.08% by
'A'AE'AQ'Agwéig Y AE A BDIEVEI N i@ht of calcium, 0.05% by weight
of magnesium, 0.12% by weight of silicon, 0.01% by weight of
titanium, balance oxygen. The wiistite content was 44%, based on
15 the total weight. The atomic ratio of divalent iron to trivalent

iron was 1.76.
Example 2
20 Preparation of a catalyst

The composition as described in example 1 was comminuted in a Jjaw
crusher. A sieve fraction of 1.5 - 3 mm was screened out and
reduced in a stream of hydrogen/nitrogen at 450°C for 72 hours.

25 After cooling under nitrogen, the catalyst was passivated using a
mixture of 1% of air in nitrogen for a period of 24 hours, with
the temperature in the catalyst bed being kept below 65°C during
this exothermic reaction.

30 Example 3
Hydrogenation of adiponitrile in a fixed bed

Three tube reactors connected in series (total length = 4.5 m,

35 d = 6 mm) were charged with 141 ml (239 g) of the catalyst
prepared as described in example 2 (1.5 - 3 mm size fraction) and
subsequently reduced in a stream of hydrogen at atmospheric
pressure (200 1/h). For this purpose, the temperature was
increased from 70°C to 340°C over a period of 24 hours and

40 subsequently held at 340°C for 72 hours. After reducing the
temperature, a mixture of 75.0 ml/h of ADN (adiponitrile),

370 ml/h of NH; and 200 standard 1/h of H, was fed into the
reactor at 250 bar.

45 Under the stated conditions, the following results were obtained
as a function of the temperature:
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25
4. A composition as claimed in any of claims 1 to 3 which

further comprises

e) from 0.001 to 1% by weight of manganese in the form of a

compound based on manganese.

30
5. A composition as claimed in any of claims 1 to 4, wherein
from > 0 to 90% of the divalent iron is present in oxidic

form as wiistite.

35 6. A process for preparing a composition as claimed in any of
claims 1 to 5, which comprises heating a precursor which
comprises iron, oxygen and, if desired, one or more of the
components c¢), d) and e) and has an atomic ratio of divalent
iron to trivalent iron lower than that defined in a) in the

40 presence of a reducing agent to at least the melting point of

the precursor.

7. A process as claimed in claim 6, wherein the precursor used
is a natural magnetite.
45
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