: ope3eS( PLEPRE29/%0/ 52989 1 Conposi tion sui tabl ¢ as Cat\mmwmﬂmmw

The present invention relates to a conposition which is sui

catal yst and conprises a) iron or a mxture conprising iron an 5g,,orrpoun
based on iron, 10 wherein the iron hasy an average nean crystal 1118 si ze in
t he range froml to 35 nm neasured by means of X-ray diff

i nvention fcurther t el a & %Qeaaé)r fcor preparing such ymmmwﬂmm}] and
to a process SPSP ﬁydnogena 'ng-a i P’Fe group in 15 a conpoung gt aining
anitrile group to forman amno group in the presence of such a

conposi t i orthes pegseny sinventipy rriahes t9 &reRRPosAsiopdmae ifr spitable

Wi sser nes /& pecatablyst ranel cemgr ges sche Chemie, Verlag Chemie, 3rd
edition, 1988, 20 page 266, or WO A- 96/ 20166, that adiponitrile can be

hydr ogenat &g 1 1y JfaC op" g1 cBmEALAINSL r6AMBAA o RYnPbEAPIBARRR by 170N to
give a m xture 0Of 6-am nocapr on| tr and hexanet hyl enedi am ne or

hexanet hyl enediHhfi™e al one. 25 6- Anmi nocapronitril e and hexanet hyl enedi am ne
are inportant internediates for the preparation of industrially inportant
pol ymer s1@ udferasinNgheni®mohablyforadmge| nean erysitedblite foikze Ba theal yst to
have a hi ghrameeh@nrosal 0 35t hapghdnAairddaby onsaropefaki-ngy |difffrantdion. gi ve a
hi gh space-tine yield of the desired products 6-am nocapronitrile and

hexamet hy! enediaglae; of APAEE P{iﬂﬁ%dttg%ngrr@ééy%efokn pR8Udd Yl Bhentde

catal yst s Lve a_ Vv t

hydr ogenat i CHPCS5 &0 1# rbcﬁd:\ém 2r 8breT 51‘.’10 %gecngan §8 Se xpﬂ-‘?rdtli% SFO%%Jtnh
desired BPCRIRAMPOHRY GPRYRIAPE Bt 11?h8§°u1? or® RAMpPR, A HyAFBgEhat i on
of adi poni tthd @regence farsusbcapeompasiitionans ¢abedysthyl enedi anmi ne forns
vari abl e anobunts of, inter alia, tetrahydroazepine (THA),

1-am no2- cyf@(i@/%bﬁ@?&igqm@k&@)f@r ?eﬁmpﬂenﬁ&ylmelsem@i i,ne (AMCPA),

1, 2-di am no ch 5 i 530 eewlkeanw& VLA - 1éés'5
known from %@E g &W é ar ate d
hexanet hyP ePRER #foneBntY i ?Hz PELPR trllﬁf aafﬁ’t Ry dlrg%%ate

anount s, i nipahe @ﬁ?&?nc%fOfAWCPAtam# §ﬁa‘PT¥-WIF%eR§ef18m%ﬁ%“'ﬁé’e&rP8rt%n
el aborate gDBHG 2988re afi $-ahlinv¢apronitiirdhe i and diexenethly igneddaninerel e

capi tal andh&xmiedyiytonésiandRed84ddO59 di scl oses a process for preparing
al pha, onmega s aminonitriles by hydrogenation of the corresponding nitriles

over irogg C%’”zlma"n@c%%ﬁﬁ{@x{fﬁt %nlé’“h&:bad@ﬁ%g%éﬁe Y %EQ Erl?bcg&ta%kySt

operating~l[ve iI'Vi {1 es pro

concent r at | DHEETSALRERE . for fhe PReRXAICR & bncf'%ﬁqlla iYeJCTHc(ﬁ t5f 98.9 of
hexamet hy| epetiTeatisnsugh s HrHoR0E ap¥ dhf]{qnl febat a DCH 10 content of 3700
ppm an AMCPA content of 430 ppm and an | CCP content of 80 ppm based on HVD
i s achi evedxﬁtggéli@siﬁaﬂ:lfaﬁbﬂ@_rthggea’eélﬁdw tpr ﬁgﬁ@Sa diisl trn]eelﬁhriﬂ:anhe low
conversi g5 9fr&HuroRhlr&! fortlioplrat 189G e QRhYed Gie ANHSgh IdpRACERALHRe L1 ME
yield of th%s f)c{ %e%ﬁe 3e§lﬂse%{ E?‘Lé&&? ¥6.- a?n%nb&a%for%%rqgeegﬁd éfiﬁ he present

invention t Fovide tro inn are_suitable as

S
catal ysts ahaxwf\m&%e +%‘§’é}?cé"rl pe %‘“eﬁg:g'geﬂiagl?’?)”}?y gﬁha{% nitriles to
ani nes i n apatftisudaganhbe Gatidlyssvehenkd) aive abBheRr pacd

di sadvant agesdedférabdeebf opmrmtivudtat ih hilsisohydeogesatbicn.eved by t he

conposi tisgns defined at the outset, a process for preparing themand a
process for Qaﬁrﬂg}%@mege Byl olth 8t 8P HeN s Bp SOMMRLBE RO R diisiged 25

nitrile grougoéuct onTyaQn‘?lm&%fg.EQY@ in the presence of such a conposition
as cat al yst

Thus, for example, the hydrogenation of adiponitrile to

40 6-aminocapronitrile and hexamethylenediamine forms variable
amounts of, inter alia, tetrahydroazepine (THA), l-amino-
2-cyanocyclopentene (ICCP), 2-aminomethylcyclopentylamine
(AMCPA), 1,2-diaminocyclohexane (DCH) and bishexamethylene-
triamine (BHMTA). It is known from US-A 3 696 153 that AMCPA

45 and DCH can be separated from hexamethylenediamine only with
great difficulty. In addition, large amounts, in particular, of
AMCPA, DCH and THA lead to the need for an elaborate



Accor di ng t?P395298%ent invention, the iron in the conpositions has an
average nean crystallite size of at least 1 nm preferably 30 at |least 5
nm in particular at |least 10 nm According to the present invention, the
iron in the conpositions has an averag2 nean crystallite size of not nore
than 35 nmdﬂ@l@%i‘@bﬂ RHichOhS t&eec3Rdnih SSndiderbbie prdgidsesand t he

pr esent mv&u{ g&nbog g average nmean crystallite size is as determ ned by
X-ray diffrac n-on a D5000 theta/theta diffractonmeter (from Si enens,
Germany) using TOPAS software for evaluation. 40 In a further pref erred
enbodi ment , WQ R8/d1P8P cABBRGSEt R OPERGAFSF GPF hRFeRATHHGI 86PRY- f BRFB~t 0 0. 5~
by wei ght5 gnisfeeviziphijes roymhyd@bgenaigion- ofy theieinrespangdng inditirddes rovg0. 1
to 0.2~ by yehplionthantiy Watalyseé whichnpoooesdasisplagsanigt kaltalpstal or
al kal i ne 45, ngeme@ra%fdersa%atﬁelﬁ@segnérﬁad k85 OLG CNprElineg Of

0050/ 52989 c%:ce[n*%'r%%l?§8 Léfrbnlbggt dim; gQ N2, cgsnt m@%%wmyand

cal ci um and ur’t her err e idic
conposi ti onPEal B¥ Bftﬁ%’Fa%rli‘B’ FB% Jo‘3mlfnreof’f'f'l al?’&‘°§t%’6%} h%r%ﬁt ?e?ée)ﬁr(abl y
from 0. 51Pocavsent wéi 3HR0 BRR,part PUCRAR CONTERE 10F A 39oPBY sed on
a), of a proomiert bised ppm basdd 8n EMDorisS5achbematt sztséﬂet-t e‘ddﬁs@m’aﬂt@ggr oup
consi sting gf @ldIPrBd8Es Sdidci®BedZis CEHY U EbhvdrdinaBl y@ipsshitiilen

par ti cul ar g, pOTHR! 80352 0ray 4. 95 Ok, Sl CIPHS £k SELAtd bEOBMINC

group consistin con and'titanium and c¢) fromO to 0.5%
by wei ght, B’f%‘f%ﬁaﬂlsyu??%ﬁ%gaﬁéofg 0.4% by weight, in particular fromo.1
to 0.2% B? wei ght, based on a), of 15 a conpound based on an al kali metal
or al kal i neItais kam@baec‘pr@ﬁ éﬂrh&bpye%%mecltnéfénf—i@%‘t%é’r@f"ééﬁ consi sting of
l'ithium softromcgmiadashgngonpesiidions wdeishuare nsgitedileneanckhtodlysitenandn a
further pr eiﬁrmﬁqaeegsgedéﬂ@éltmt tikepexé thie @@TRPardderateaniLPifay ther

conprise d) ,ff o 1orhnle! G 1e RIVEGEL '%J ra%%Qm&Qéchn%d?:% by
wei ght , .01 to 0.2% by weight, based on a), of

art
manganesgiaa %a"‘i’}}l §tss of the present inventi on can be unsupported or 25
supported catal ysts. SUI table support materials are, for exanple, oxides
such as al uWenbaweficded that Hhdsmobiecte, 1% iachnpves dbtihgecoRpesidrionm
di oxi de, nagaeshednaAXite OltsEdt)C aOprdeesy forobrépsriorg dbemvandd garbess or

m xtures thepeofyq e]iﬁelﬁ DSt 98SgMug 18 Br 66MfBundI¢enta DRimy &

o A998 RLY g}'é A3 £ ﬂ?aatn' 98 fo RS 3A7 cHb 612 SRR &8 Gdy! AN,
oxygen an one of nore o onponent’s b), c¢) and d) and has
an atomc rSPT“Bo%’ftltﬂr’VQF’eﬁ? #¥%Fto trivalent iron of not more than 0.5 in
the presence of a reducing agent to at |east the 35 nelting point of the
precursor, @oobrdind e thsuptéseptnaneention,otk§Citen ginvghg eomnssitiions
having a r ahie ok dietalgeninean aryistal Liveleinte ofoat i Tedste 1r amgeprfafemably. 5

to 5.5, peeher abhst i nheih apaia ifcu@ay 0a® 71 d@t218, n@Nd then reducing the
conposition by nmeans of a hydrogen-containing gas at from 200 to 500C. 40

The proportions 8f di val gﬁoﬂll"%rﬁoer}’ttﬁggift r ’e‘ﬁ{’e%\‘\?l Lon present cbmﬁ}!ﬁlons

precursor of*°fRE ent o s % 6P R he pur poses
of the presdas ﬁhv"e‘fﬁlia@ﬁ mgaR GHHSted b}'fe RS CEN ROt HEPST SHBPt 3B of
crystal | i ne predseably esenmoby Hhamap04Bmdi ffracti on on a D5000 thetal/theta
diffract@ggeter (from Sienens, Germany) using TOPAS software for eval uation.

0050/ 52989 45Nt Re PSS s@gdoﬁm@'ﬁﬁgénttﬂ@ve@&ﬁﬁwsﬂﬂe QvelrBge CeOSI ti on of
the present | nvEnﬂ %r%]%q_ggr 5_$e§s HL e Led txr_& ff felc] hnoﬁ@]jcg,@lb@"l of

magnetite, SCri Fe304
i.e. as Fe( Itlhflgé(??‘? ?@&fféﬁﬂt‘?’?‘%tegddgf?% Mg vg?%%f ¥ rgﬁlﬁgu}fcfpy

whol Iy in t$eit¥pnre OW?lltléth’rh a particularly preferred enbodi nent, from
>0to 904Q in particular from1l.2 to 77~, of the divalent iron is present
in the formmf avesttier pEenfethed ibodifentf tHee opidsentonposdntionnganwistite
'S an 1ron iﬂr@ﬁe?fce 1s@r gyl Prcfn?lo_)ég ¥hes &P weiyht, G ﬁe@fer&ﬁlihﬁrdmﬁtl te

content is det; Tehof Gd Yy LOTRE RGOS B3O8 LU RBRCHT1 LY MBROBy Rleigne,
th t SFLaVst 22 :
G Tt ract Do L%wé AR R I eegngkelrnﬁany)

usi ng TOPKS esgfthwmeta¥ mrefsrably m]ie@ﬁedTﬁémbrfé@u%@PP cﬁOTt&HétéBﬁp%%i tion of
the present invention can advant ageously be obtained by heating a precursor
whi ch conprises iron, oxygen and, if desired, one or nore of the conponents
b),



20 ¢) and d902@45%8%9an atomic ratio of divalent iron to trivalent iron

| ower than that defined in a) in the presence of a reducing agent to at

| east the nmelting point of the precursor. As iron- and oxygen-contai ni ng
precursors, it is possible to use 25 pBecursors conprising iron oxide, iron
hydroxi de of ; {fQfh Oébgfurﬁl,yq{o@é'sggumj gub%.ﬁﬁ | 6dd iR, | hhdnded € and

iron(ll, 11l xrdea Lron £ A h ?fron I hydroxrde |ron(III) hydr oxi de
or an iron Oxrde h rOXI s&cﬁ €00H. It is possible to use
synthetrcally produced or natural iron oxides, iron hydroxides or 30 iron
oxi de hydr okh desfurghgr prgficairiedeenbpdidienitn the owickic ea8ROTHEMPeCcaBsCri bed
as Fe304, 5| funthidre comprLde ib) tfremi te@l twaseé bprwaightesprebexhtdy Eedd3* HZO,
or haematitg,swy Qi by LéegHtdeah paseicaRrberégscridad B weizfhs, 35sérdne one

or nore corﬁ NeNt S04, Eam&% %L uhi Gh TRy, OQtlpr@J 'syeﬁem@ﬁesseatleee@
a

present in recurs I N %lBH (g%of ‘oxi’ des droxi des. other sa ?ts of
I

i nor gani ¢ rOHPt?QJlSéf ac}é’gllnB’Qr bHHEACRL o TET AR, or salts
of organic ‘aetmlumeagd YeRafitds 4P BREhiQudar acpyemoies, Breed &P dmbddPTent
nat ural MAgBe¢laments eapeerast fxompthe (gromp. cFheisingooift Abumigfumsuch a
natural nageelideh @aa, titamhasd,r add be nodi fied by addition of one or nore
of the conponents c), d) and e). 45 0050/52989 5 In a further preferred

ebod ment. o§ N& LPQUELNY, SOSRY I8! Splse?e‘;ggfgeﬂ&mot 08, 6 L qgsi sting

of iron, theeerrents ecl f1

manganese, ¥t Hom dﬁdp F&‘i}r]@f tfﬁ8f"e%ﬁ tr?rrgf' ?@F‘gagﬁsﬂ Sh Fb\é %froup
5 consi stlBng PPMRGUSE, bapedi GfuAn #&bﬁb%l"iﬁﬁalcaffbwwenﬁﬁw det@der eof, in
particul ar preferabiy ssbectedffromdtbe ngragpenonsesringedft ditkium, heodawno of
di val ent ir gBtissium,vahppdiin Orespen] fnashesdanr sudig¢dleitiie 10 present

invention in the oxidic conposition can readi | y be determ ned by neans of a
few sinple prel 'f“,f'{t% oY éx?é%;s/rre\éh% r{ts %E e%ﬁg& ant N€

dditi i ge t of
B o 2 ek oiar, compEine dh i Br bkt &sw%’e‘gﬂ:'f BERteTaP o toom

particul arl 9.8l m é@eszweq?ie:'prlécB@E’ekmﬁ-ﬁrt REOR dhyfds itei Bn2bhfbtt eighksent
i nventi on caaséd a@omer bédmangamesepported or unsupported catal ysts,
preferably 20 unsupported catalysts, as are preferably used for

hydr ogenat i gge é&aqayrsttgcak arhé qrre%ta,ﬁt hiéx‘;lié?&%ﬁt t@ﬁl B t@%hﬁp&ﬁfps to
am ne gr Qups a itr r 0

6- ani noc% HP??rfrecf( cm;_af}[né %FLE]SQ ét&ﬁ)%rtt n gex{)q s %r8 x%mbTe

hexanmet hyl eRE&FSSr ﬁﬁ’é’holasp%}‘fq"gp"&r O%AEr 1 YA E@ ‘Pr’é])éﬁrettﬁi‘lf"éh%ld&r?ixﬁge' by
treatnent imiacemiiueidigxadenspunesipnaexidmororinse iideeranpeel ifpseRBosi ng
themto a hudtogetedicamrbphese mirxtargastimodafr.e conpri si ng hydrogen and an
i nert gas such as nltrogen at from 200 to 500C, preferably from250 to

450C, fory of‘rﬁg‘% ;gibﬁll QUJS 000 :poeség@ ﬁmaelxﬁlefétarav%ea 448130

cat al yst 10 yst per
hour. The a€ |v%1rt’|%n e | % rS e carrl eérg%ljjtg%g rec'?I &%’t‘f
synt hesi s r 838¢ ot £ %ersr}EEdt h?%e ﬁu&PFg éﬁv‘ﬁ‘se §ﬁmpﬂ?%rr“rr°e&3)at g) s"l“g a%ﬁl ch

i s ot herwi sdafeeRsanic makbe ohadyrLaRt o5 tehersya¥esde 1600 (&LAALy from
20 to 80C, moetetizd \0.f5r am 2he tnredebre byt nearesiucing xaagary/ ot abgaast xhear es,
e.g. air.3sThRiachd sdinenoef tpaSsietaredr fadadslgsthe f=wieiall yatarialedoout
: 2 ;hzosmé:igsgﬁ %%Q;glo% 8bmg 65‘?{{‘13: Ond @i %Cgate.&@;@f_[’ hk1EReM AR tho 350C,
fi xed- bed cATAVLTA® | ofndd €1rr FEROE BERPrT dlioraaes o I earahif oy the
catal ysts. £3ngeofEwp $2939t8 As? s34 Fhgh n%ﬁdé’rcrlaﬁst?%rcanﬁ’é’sﬁ%‘?% hat i on,

use can advaeaageofist \hyidgoganecaftadnipaagas al gnamo?@Yy4-diPAPT¢i | es of the
formul a 590NC- ( CH2) n- CN

The proportions of divalent iron and trivalent iron present in
the precursor of the composition of the present invention is, for
the purposes of the present invention, determined by measuring
the proportions of crystalline phases present by X-ray

45 diffraction on a D5000 theta/theta diffractometer (from Siemens,
Germany) using TOPAS software for evaluation.




where n is @A50A%288P from1 to 10, in particular 2, 3, 4, 5 or 6.
Particularly preferred conpounds are succinonitrile, glutaronitrile,
adiponitrile, pinelonitrile and suberonitrile, 10 very particul ar
preferably adiponitrile. The above-desgribed dinitriles are preferably

partially hyfroganabeded Nediis ehie etk YroBubbgilidt dnkUEBhpauit oRCopl Lhe
abovenent i ogg at ¥sts tQ |tr| ?én of t e ;‘orrml a

15 NG (CHz) hTHERE2 V\heYPéntrfolns cggpjgle? %&VE@%@% "Iia: R pr ef‘er red
ani noni tri | BRe FFHREsMRINSHHIten Whigh oln 3he3idgal age gan;be ﬁérSFF&BF‘ér 4,
i .e. 4-anm nbputkendiermpila eFe®qani rpast HaoBI 1F6 (161 ) 60aniandhtkenmsiditiopal
(" 6-am nosapivaldny liedbn, paetaiy eehehdByonin theeferm oF sishboe! amori tril e,

very parti cgha¥idhirreleppdfer&uaBhbodad) Ekbhe> R%d botheid qactkiienlas
carried out g@gﬁ%p%gsw fgeha ggu@ie&to gahese; (L dsRARCL AU dotnl BE T ange

from40 to articu referal from
60 to 90C, Yhet jp‘?égfs?ﬁfe QFSFI%%%@F% st qvt?n%éoﬁhp JTtgné)é[ #om 2
to 30 MPa, ﬁF@*é?’@{ﬂeyofr‘éﬁ Farguig x0 paatiec @) arFy"pQ-e]*fGerabl y from 30 4
to 9 MPal0OThe residence tines depend mainly on the desired vyield,

sel ecti vi t yraadyitdid tdesbhieshtc ARV deseffiindd €ot e6hél GfrpobeBEof Sthes tpalelsynt

sel ected so;phale TRyl HH&%LYffH dthe BRI AMeEnsf OF SRIBLEIAE Jigcsange from

50 to 275 m nut(_%erFs1t q%ergé fffra%@l edgo 2%@0 u% sa/t%gtgn a suspen5| on

hydr ogenatl uent 'H%frér a,, an T

di ani ne or Qltb' FramharetRay( “frs&ﬂ“info %e ému%Jc Fft oﬁ‘é Hitfe gfde

" chain, el§. eveivatiff-anine, triethylamine, tripropylanine or tributylan ne,
or an alcohol, in 40 particular nethanol or ethanol, particularly
preferably apeDpieturbde 6f nthd idompesieivi foft itha presehtadhagenits yann t he

range from 1850 QoulYy V‘Eé HHtaipedl By allat ihgom §£Eétﬁs%9~wi9¥cw&@&ﬂ.ses

| | f
R il o LRy e’{Y?%E‘yP [E#%gtsergg%%gggﬂgier Aoﬁﬁn%uﬁ{am%‘?“a
il oy edl 205 CaeR 41 FANREn T ATGBIF ERIE 6 901 15 ac Bt €0 @3&%@ from
5 to 20~ byiwmerglavwerhibed bt W@faneﬁnxn oY) GF‘anﬁilP@ﬁ?@éﬂ of arrr@déleép@nsu on

hydr ogenat i agesantdatcaeasedmumedai ogvpsintoofptieé eradsiuy soont i nuousl y,
generally in the liquid phase. The partial hydrogenation can also be

carried out AQa§E5PN Sa%d%:x?&é'ﬁ 'dHﬁQ.‘AfihYné rb&cfu'réggs bed 1 %aEBgélﬂ)ﬂa ttheuse

d fl I f
38\’\?0 8‘3’8 r ugmér cFres CHD ) %ﬂl@err%n Xxfé%,l ll?‘@n29¥t]ilpox1 brpf.:% og40rﬁ/rg

preferably PVSF{?’S“{% §@r|\/p§aml3|iﬁe 88”%& fﬂ?érdﬁ eh’é‘f’?‘(ﬂ'l §I r%’F bl y

carri ed out iran{ke) mﬂ@slemcer@f(Ié)l hqdr@ikﬁelruéﬁpn(b}'@f Méﬁpvléﬁnﬁ?maé} an

am ne, a di dfbneoxiden hydraride duahi ag Fe@H.15t1is opds=tidlleonoatss i n one

anm ne side ghatRetfodll tpra&i&ad ¥F Aetutdl airoyl aRides, tiroRr RPYteHIdes 6f

tributyl &g n@on 085y e:.‘.id'bb ¢ Qldeé nep rthedheideet RROGL f t‘ﬁEh%'QA1 case
Cfc

particul arl referr d rrbod n of
amoni a is % gsg an% Eaer‘?ot‘hel'alrni'itrrf%l(ie-‘efreh %Hg taeg al era from
2 to 6 g, pbF 9esEFedypfi F1Q:8Hr SrePaRERT Jr“'se'glw\l?éﬁhtb“ hfp&é@a ef

over the catrahybe desanibedaage20om 0.1 to 2.0 kg, preferably fromO. 3 to
1.0 kg, of dinitrile per liter of catalyst per hour. Here too, the
conversi og5 and bhelSort %réeb ddenttxé BRN OF ¢ vyt eRidy malyt eptiendiNg be
residence ti ﬁegé Tmbea Qasnﬂéaﬁs%vgﬁ Ehd £ 85 COPRIdsST NY

di | Conpl
hyar ogenat | 95 i esdg?%ti?ur%acé%rf Rl e AP 7 ALLDgeed 0 ot ©

desired pro&tidPrifesr GagbrRatesh He sé‘éﬁ%gea'?'ed’rf ?Sﬁffh%gérﬁaﬁfﬁr%%lq% a
manner knowe.ger foxmdt®s oychceftiatasres, for exanple by distillation or
extracti om@ Such separation processes are described, for exanple, in WO

96/ 20166, W2n98/ 3100 reW0RABL4ARKRS , aﬂétﬂﬂﬂgv{ 884te 3 lXpIBYEs dxanple 1
40 Prepar at 'tpggcg s&t, OﬁﬂedEB ﬁgﬂ)&% b®Ns GG Y a@grg? rﬁ%e@ﬁ@é%ﬁn' ngention

The conposi r tl, xture nat ur al
magnetite a S?EV\gg hg‘? "Iogéﬁl% vWeradgf‘g%%%dg iNCalr. "N & %ge AR *Rad
been cool ed e Bdo#d élperature and solidified, the conposition was nmade up
of the fo48 ow ng:



0050/ 52989 @958/ 5288\ei ght of iron, 0.17 by weight of manganese, 0.08 by
wei ght of alum num 0.03 by weight of calcium 0.05 by wei ght of magnesi um
0.12 by weight of silicon, 0.01 by weight of titanium balance oxygen. The
wustite content was 44~, based on 5 thHe total weight. The atomic ratio of

di val ent i rgp gt Qui-{hé/la|sﬁ-@tfek£9@ dbodiméht, BYATReAudidd Heapansedons of a
catal yst Tm%ﬁ%@g%}@mhas %ra&, 4k V\gxc?fTle%nl YRS SQUHEnpyted in a jaw

crusher. eened out and reduced in a
stream of tﬂﬁfﬁc&géﬁ? nt rbdgeﬁ gte Pp7§l 30§80 AFTR aaneSSI' i %ag‘]rebunder

ni trogen, tand garsnyes %esﬁssﬂ%ﬁ%b&gl pelertadk £5PB B BXO9P air in

ni trogen 5 arorsigeingHfirds, halumsinusi,t maghes tuenperabon cand mikgures al yst bed

bei ng ke_pt Qf&_r@wf%_&cggﬁ:mgunhfsimmt herm c reaction. 20 The average nean
crystallite S|ze of the iron was 29.5 nm Exanple 3 Hydrogenation of

PO | e Bnubl XS it Zgﬁ%eg& &ggms@q rsgtcg§@§q§%3§@ ser i es

(total |eng ) of the
catal yst pr&pyaledta ér%st@r tB&Ya T e RpI &P cj(fll a°§°ﬁﬂ+%‘4 ct i on) and
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prepar ed ascgrﬁﬁe(\rrt'egegn£5' %p%%é&oglg’ur@ﬁﬁge}:ge@abatalysts, preferably
20 unsupported catalysts, as are preferably used for hydrogenation,
in particular for the hydrogenation of nitrile groups to amine
groups, for example to convert adiponitrile partly or wholly into
6-aminocapronitrile or a mixture of 6-aminocapronitrile and
hexamethylenediamine or partly or wholly into
25 hexamethylenediamine, by treatment in a reducing atmosphere
(“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°C, for from 2 to 120 hours. Here, the space velocity over the
30 catalyst is preferably from 2000 to 10 000 standard 1 per 1 of
catalyst per hour.

The activation can advantageously be carried out directly in the

synthesis reactor, since this usually saves an intermediate step
35 which is otherwise necessary, namely passivation of the surface

at usually from 20 to 80°C, preferably from 25 to 65°C, by means

of oxygen/nitrogen mixtures, e.g. air. The activation of

passivated catalysts is preferably carried out in the synthesis

reactor at from 180 to 500°C, preferably from 200 to 350°C, in a
40 hydrogen-containing atmosphere.

The catalysts can be used as fixed-bed catalysts in the upflow or
downflow mode or as suspended catalysts.
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The aver age0®RR/5298%tallite size of the iron was 37 nm Conparative
exanple 2 10 Hydrogenation of adiponitrile in a fixed bed Using the
catal yst prepared in conparative exanple 1, adiponitrile was hydrogenated
rn a fixed bed as described in 15 WO 98/ 11059, exanple 2b. The foll ow ng

results wergg Q%%EQEQ n2®erd2130£3P AR TRARo4NL G, €18k Ofan [ ~] ACN

i 882'7“';8% e 5B SE g mals o8 Hhieh <SR B R Latrirrides 86200

10 W cl ai nformula conposi tion which is suitable as a catalyst and conprises
5 a) iron or a mxture conprising iron and a conpound based on iron,
wherein the iron has an average newt-(@Hs$iedNite size in the 10 range from
1 to 35 nm neasured by neans of X-ray diffraction. 2. A conposition as

claimed in Qﬂéyé“nlismgﬁthééﬁékhgioﬁcﬁnﬁa 985 in particular 2, 3, 4, 5 or
6. Particularly preferred compounds are succinonitrile,
glutaronitrile, adiponitrile, pimelonitrile and suberonitrile,
10 very particular 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 formula

15 NC-(CHy)n—-CH>-NHj
where n is as defined above.

Particularly preferred aminonitriles are ones in which n is 2,

20 3, 4, 5 or 6, in particular 4, i.e. 4-aminobutanonitrile,
5-aminopentanonitrile, 6-aminohexanonitrile (”6-aminocapro-
nitrile”), 7-aminoheptanonitrile and 8-aminooctanonitrile, very
particularly preferably 6-aminocapronitrile.

25 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
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

30 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
example in the range from 50 to 275 minutes, preferably from 70
to 200 minutes.

35
In a suspension hydrogenation, the liquid diluent used is
preferably ammonia, an amine, a diamine or a triamine having from
1 to 6 carbon atoms in one amine side chain, e.g. trimethylamine,
triethylamine, tripropylamine or tributylamine, or an alcohol, in

40 particular methanol or ethanol, particularly preferably ammonia.
The dinitrile concentration is advantageously in the range from
10 to 90% by weight, preferably from 30 to 80% by weight,
particularly preferably from 40 to 70% by weight, based on the
sum of dinitrile and liquid diluent.
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is partly o di 0g9eAl-ede § Qe 6- am nocapronitrile. 12. A process as
cl ai med 5 al mdgqytwﬁerel n adi ponl?rl le is 25 partly or V\:hO| I y

hydrogen&?’ed t o hexanet hgl enedi am ne, 30 35,40 45 . A% Ay, " nE. A>
A ANl LA 06??%¢R§?q§a hy rogenation gives a mixture compri lng 1n1tr1 e,

alpha,omega-aminonitrile and alpha,omega-diamine. Complete
hydrogenation gives a mixture comprising alpha,omega-diamine.

30 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.

35
Examples

Example 1

40 Preparation of an oxidic composition according to the present
invention

The composition was prepared by melting a mixture of 900 kg of
natural magnetite and 75 kg of iron powder at 1550°C in air. After

45 the melt had been cooled to room temperature and solidified, the
composition was made up of the following:
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Three tube reactors connected in series (total length = 4.5 m,
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
30 pressure (200 1l/h). For this purpose, the temperature was
increased from 70°C to 340°C over a period of 24 hours and
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 NH3 and 200 standard 1/h of H; was fed into the

35 reactor at 250 bar.

Under the stated conditions, the following results were obtained
as a function of the temperature:

40 [ Temp. ADN ACN HMD ACN + HMD
[°C] conversion | selectivity | selectivity selectivity
(%] [%] [%] [%]
80 57.9 79.58 19.37 99.0
45 90 73.0 71.0 28.0 99.0
107 100.0 0.9 98.9 99.8
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Comparative example 2
10

Hydrogenation of adiponitrile in a fixed bed
Using the catalyst prepéred in comparative example 1,
adiponitrile was hydrogenated in a fixed bed as described in

15 WO 98/11059, example 2b,

The following results were obtained:

Temp. ADN ACN HMD ACN + HMD
20 [°C] conversion | selectivity | selectivity selectivity
[%] [%] (%] [%)
80 47.3 80.48 18.57 98.9
90 72.1 67.3 31.7 99.0
107 99.9 0.6 98.6 99.2
25
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based on 1, 2, 3, 4 or 5 elements selected from the group
consisting of aluminum, silicon, zirconium, titanium and
vanadium and

20 c) from 0 to 0.5% by weight, based on a), of a compound
based on an alkali metal or alkaline earth metal.

3. A composition as claimed in claim 1 which further comprises

25 b) from 0.01 to 5% by weight, based on a), of a promoter
based on 1, 2 or 3 elements selected from the group
consisting of aluminum, silicon and vanadium and

c) from 0 to 0.5% by weight, based on a), of a compound
30 based on an alkali metal or alkaline earth metal.

4. A composition as claimed in claim 1 which further comprises
c) from 0 to 0.5% by weight, based on a), of a compound based
on an alkali metal or alkaline earth metal.
35
5. A composition as claimed in any of claims 1 to 4 which
further comprises d) from 0.001 to 1% by weight of manganese
in the form of a compound based on manganese.

40 6. A composition as claimed in any of claims 1 to 5 which is
suitable as a catalyst and is in the form of an unsupported
catalyst.

7. A composition as claimed in any of claims 1 to 5 which is
45 suitable as a catalyst and is combined with a support to form
a supported catalyst.
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12. A process as claimed in claim 9, wherein adiponitrile is
25 partly or wholly hydrogenated to hexamethylenediamine.
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