G e3e( ~$P%RF&H (6" (T(Q 62z s F~e zoo3 *166166* | MPROVED METHOD FOR
* SI MULTANEOUS PREPARATI ON OF 6- AM NOCAPRONI TRI LE AND H ENEDI 726vF NE 1093
Speci fication The present invention relages to a pmuwmﬁmﬂnm(

‘coprdduction of 6-am nocapronitrile and hexanet hyl arting from
adi ponitrile, which conprises the steps of 10 a) hydroyé&ti ng adi ponitrile

in the presence of AKAAIDYFETECHPFORS ISIBUARAREGHE HREGRRATEOR &L N
transition group as catalytically active conponent, to obtain a mxture

conpri si ng 6-ani nocaSrBUFNPFARRONIIRARE MR mﬁi‘ﬁ’eﬂ“%%ﬁﬁom trile and
hi gh boilers, b) distillatively renovi ng hexanet hyl enedi am ne fromthe

m xture gogpééﬁﬁﬂgtaoam nocapronitril e, hexamethyl enedi am ne, adiponitrile
and high boilers, 20 and either cl) distillatively renovi ng
6amnocapron|trlle and t hen dl d|st|IIat|veI novj adlponltrlle 25
or c2) sinbi¥ aﬁfe‘?ﬁ?é’ltyla?’?f‘ﬁ'?rét’i St ERod i BfP es@ gﬁfnﬁt&egpﬁp(?ﬁl EHPFELCRNd
adi poni t ri P& §TRAWLNOSBRFARELY F e tdneh exe@ewrea@eéemzee HADESS 6F°8ol umm

t enper at ur adigpmwliowil85Cvhiclst@pprdisesothe tedst ofs known t o hydrogenate
adi ponitoile (ADN) in the presence pf elenents of the eighth transition

group, espggi awa'radbnta%n§5aeiﬁéﬂmlef iRr eﬁ@@f@@tnlcxé bfoy,casccmﬂstt ni ckel ,
r ut heni um or rhodlrulrgl%g ghygigm? stolovfe(‘]_’h?I %]ranglt%égr% ammnl a,

ani nes or al coh

i nor gani ¢ base‘"sa’i%lycfb‘tcél ﬁ nf‘ﬁ‘fh‘f%s“&‘é’ﬁﬁ?f’%r n’t'go @%ﬁlﬁoéa‘ﬁ’r’b‘?ﬁﬁerl I e
hexamet hy| enedf@mRTie i@9d SuABRYRIRTER 140148 gomanethy lerpdiaming yst s used
are cat abysts adipygerrgdds| gndi syt \wed lenst he |i quid phase or fixed bed
catal ysts used as fixed bed or in suspension. Iron catalysts, vvhi ch are

general |y ysedyas: fipsedvRed P@x&@d:}h%t Setamb médlqmqepb@&@ e B

pressure, are | o , V\D 96/ 20043
and DE 1963676 at§ %““f?’(&@%r°“tr$§e' e"a“l Benes %&‘&16 WO
96/ 20166 and ~HARATRRTLL §“ Lgh é’é’ééeESDE 19636768 Ni ckel catalysts are

used ac®rdi ng21d ePEhgL8654 for exanpl e as supported catal ysts (nickel on
A1203), but in particular according for exanple to US 2,762,835, WO

96/ 18603 afr) Wi A/11QEE 2l fé}ﬁ;dmrgnsoﬁmﬁwwniundweohd%artwnni ckel. 5
Rut heni um fi xed bed catal ysts are known from US 3, 322, 815, honobgeneously

di ssol ved cH%’)t h@{gg{@ﬁ@&@%y;@e,{&g r%agdgéé&%“ «and WO 96/23804. Rhodi um

cat al ysgé xarrp odi um on nesi um oxi de, are nentioned in US
4,601, 8 for exarrpl e. 10 The partial hydrogenation of adiponitrile to form
m xtures of 6-aminocapronitrile, hexanethyl enedi ani ne and unconvert ed

adi poni tri¢%® isimdtapegusly d¥ptddativeky Bnpiingciprmintanrenangile

hexanet hyl enecarainagé praytbelobiradionedpanate desiatddnsati 0 which i s adjustabl e
t hrough suitable choice of the reaction conditions. 15 6-Am nocapronitrile

can be gycdizedtel9be@XSY T £626¢0L81MEh ti@nlderat886s Ao MBS ECaART Qkaptam in
the |iquidy h%%%b” the presence of oxidic catalysts. Caprolactamis the

precursor tor nyl on 6, and hexanet hyl enedi am ne is one of the two

i nt er medi at es, for manufacturing nylon-6,6. 20
It 1s known to hydrogenate adiponitrile (ADN) in the presence of

elements of the eighth transition group, especially in the

35 presence of predominantly iron, cobalt, nickel, ruthenium or
rhodium catalysts, solvents such as, for example, ammonia, amines
or alcohols, and optionally additives such as, for example,
inorganic bases to obtain mixtures comprising
6-aminocapronitrile, hexamethylenediamine and unconverted

40 adiponitrile. The catalysts used are catalysts homogeneously
dissolved in the liquid phase or fixed bed catalysts used as
fixed bed or in suspension.

Iron catalysts, which are generally used as fixed bed catalysts
45 in the liquid phase at high pressure, are described for example

in DE 4235466, WO 96/20166, WO 96/20043 and DE 19636767.

Cocatalysts are known for example from DE 954416, WO 96/20166 and
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+ DE- A 19548289 di scl oses a process for the coproduction of EB 2003
6- am nocapronitrile and hexanet hyl enedi am ne by hydrogenati on of 16 FEB
_-adiponitrile in the presence of a catalyst to partial conversion, the

. renoval of hexanet hyl enedi am ne and 6-.am nocapronitrile from 25 the m xture
and conversion of 6-aninocapronitrile? nto caprol actam and al so recycling
into the pPBck&3&H68a PoFkebrratGAIFEsi Mee abesheraPrying tedPPohf 8834 orThe
di sadvant agrampleh dshesppproedsseslysts haiidkded adi pbsistri bet 3th recovered in
the coursepgftidiel d0rkeproing dor eaenpDa wf fusuenyszoadssi mo updesssnklmy

by- pr oduct go QﬁPftfdn 3l LY L NS %@cao J?]rf@n'ae péaHANAcYakepent ene (ACCPE)
afe

ot E'esBﬁxﬁﬁﬁ? T PR PUE GREAIVAFR 1S R Foah e dReeP I hnd. thy
by- pr oduct éora%erie@p’@éy. SF%S?JOV%deﬁaFa?’él‘P‘i‘ c%taawﬁ*eﬁ. fram) é‘%?ﬁd?%?‘?:f 1319 on

because of Woh#6 f236Pdt.i Bhodiumaseiypes, ofonexsinpie ediadipes onThagresiint i s,
especi al | yokfdd hearadimpanibiéd en gsr eyl 459 Fobubkstuprenf the 40 by-products
in the overall process. Recycled ACCPE rmay becone hydrogenat ed to

2-am no | cycl.apen e (A A h_l. ur

pr oduct Téf li% I% rtl%% kﬁd?‘g’?%‘ t(log{t(j:lg )adileg] r%§r %6&%1@% dr sc oses 4"ﬂat 45
ANVCPA i s vér%mmqq"ﬁ‘l’é&ﬁl% APt RY LR RIABE nP L HEFeR¥ERESd 2 6 FES
2003 3 DE agsgwemdﬁseﬁo%%rle@@rrpxtngntcnéieadrtpéhl @Tamélompbenr@éykﬁ @ddni t h
fromO0. 01 hexdfethplenedghhind nay bei obtdiaseld ionaadégpiored rakeo whian isci di c
i on exchanggfust£Myithgoh e AditRdNet Ehodoe offf @R Réscdilont BbRd 8PfbrLCcyCl i ng
It i ntoshg_pn 00883t E O fcea%CBQfchﬂ@ze%ﬂd'kaoaxé}iﬁplaeC'a@céfayx?é L us
neutral i ze, ”%Eé Oﬂﬁ“O‘iﬁtgaéé%o%cho t%’len-glgug!i @9 ant %Q%H% %resehnlcse met hod

IS theforméllon F7 om t [ OCESS and
di sposed oPf gfpdic&ebe Y?%st'e§a£’ﬁ°iﬂ‘a??’i‘ orfaitPBr BERSY S¥e fOT 1BY197 1% a
obj ect of &hé hpEmethylAvetIminet s pPrriafe theprue it armediateyi FRF
adi poni t ri mentfarmwringdnpbont6,iél.e parti al hydrogenati on product m xture
conpri sizog adi ponitrile, hexanethyl enedi am ne, 6-am nocapronitrile and
conponentspﬁaylf%@zlggl hi 86 RsNk BP@é’é‘sslffth%Beoéoﬁﬁd%%Bﬁ'éaE ("high
boi l ers”) kn,g; d& a@@oﬁgwg'm‘ e f0fe SEANNEL b JETHP MObLEn DL i0 the
di sadvant aggs man nl;lﬁrec Ey xre agl b1
particul ar rt © &Y ‘geéef“éﬁv ‘%C(fb kgAY Eht tO RFNhE2 aV/‘én‘feo‘ifrH’“t hat
this obj ecthe sr%itqﬂaévéé poxanrrhylsredsanidr Aed érarﬂﬁp%@gpnmgle Trem
adi poni 25i khe usettuyenend| tynirrsppepef ea-@E nogapr Puitwiflebdnadi ene cat al yst s,
especi al | ycpposhdarans aadné béadniregytc higg meticatie proddis pfoaegsroior he
present i N¥gnsisiMARsBYn€ONMENbIFORAl pdH1aGa386€S, preferably by with
hydrocyanic acid in the presence of nlckeI(O) conpl exes and cocat al ysts,

ed enbodi, ment

via penten tlle s, 30 In. efer
1- am no-_2- ggéom% %ntagen‘éltglo% ent ofoine adi pom?rﬁme adlaonltrltle a)

shoul d 38 BEFOVF ht® ohdvimtR&YBsPY Wt rﬁ%cttﬁenr%ﬁ"é’élef"rtom 10 to
5000 wei ghﬁobﬁﬁnspﬂé*ﬂéﬁaJéNE/l%thhPﬁO@‘F@'-ErraﬁQ@eFMHH@W@%@O@W@Q}ht ppm
parti cul ar Lyapiref-@-glykyoeyt Inpenthee r GATRPE)r and 101 $loeXdn@d hg be net gidmimem
lespeci al | y (satttw N whiehr aggel fadoiollosseslQ0 wBeOile PPAf RAGEProéMucts of

adi poni trikgyydhis makes it possible to increase the yield of

6-am noggpronitrile and hexanet hyl enedi am ne and to facilitate 40 the

urifi catl n of . hexamet hyl enedi am n artjal hydrogenation of
gdl poni tri 88 CREH e T 8ani¥e%“2ﬁ?FSSEc§%9‘ﬁs>et%o Ghe B~ er‘f‘@%ﬁﬁﬁmﬁr?)rocesses

for exanpl émERTHRIien§ot eBMeEatSt frAaR adinaissilenky Prasdddasiondaegaused i.n
US 4601859%f U8 4Brmat6on 835, azdst2ope8, BOguabi-Az SAB6Hes . DEhd BSst61, WO
96/ 1 8603, W, %4pd322,1yDEF A2 38466n Dir MR 93/ 23681 ed)y a bAilEHE G the

per f or maagp} ber SutR0eRathObdtal hepPbasgnce of an el ement of the

Recycled ACCPE may become hydrogenated to 2-aminomethyl-

cyclopentylamine (AMCPA), which is an impurity when the product

of value is hexamethylenediamine. US-A 3696153 discloses that
45 AMCPA is very difficult to separate from hexamethylenediamine.



2 6 . F EB 2003 4 eighth transition group or m xtures thereof, sucl2 FPIER ZUE)Be

ni ckel, cobalt, -iron, rutheniumor rhodiumcatalysts. The catal yst's can

. used as honobgeneously dissolved catal ysts or as suspended or fixed bed

supported or solid catal ysts. Exanpl esz3of suitable 5 catal yst supports are
al um num 0Xjedeo 95146 o U1BXLE Coardd iR UL PR rTRENES | T Q8L ECed
activated carbonps an(g pi neﬁﬁ% ar& ﬁ% oL sul tai%l ebsoelal d catal ysts are
Raney ni ck& BnfF HRNEY TcdBalP® hoh e Iy C8ah 356 %0pBa°%i ¥h furt her

el ements. POLPABLIEEIER O 3PaReldid JONt GXERIRIGT i TEPPBIRAITRE Wi thin the
range fromadipdniorille Kigomptkfermbitprer endOrdeyad iBokgs dfitadihgonitrile/ 1 of
cat. X h.s Therbyérogrinireadtbs. dBREaddiyi6RI61 ek iaubedted temeakRbUILe from
15 20 to 23 Qrogéﬁég %@sxf%%b@fbémsta@gs 1A thge oG @04 Abchyglr ogen

partial press om.0. 40 MPa, .preferahly.fromQ. 5.t 0 a. The
hydr ogenat i* n%g br% aleth1 3 I?EC%?J%Séd v@&?ﬁi E‘ua‘fehgc%rbéasgﬁ%%v% ,%O%btggpl vent

such as amPBAFESS afhesspPrsaf c¥holXise8pees St taFeSnABnRAd L RN RBATSSS
quantity clsggen is generally within the range fromO0.1 to 10 kg, preferably
within tilee range fromO0.5 to 3 kg, of anmoni a/kg of adiponitrile. 25 The

nol ar rati g+0f s6aRrBEREAPLENLA i b denthexaamiind esegiavide Andobesserdhe

ol ar rati Qegtwmlwd e N hxh%g&ﬁiﬁmepggmgf GehLegopy the
partl cul ar "adi EOP tJ‘IJ] e conver sl on 1.C S OS?II’]. I e nce 1S lven to
Usi ng adi pERPEPET dMLEREST SPBRGL 1o A LPRR: Toit PPBATSERY LGOI APES er abl y
Wit hi n t he SraR§eeFIRFAEGridet pBFomBRRBEE A NGt 2hPRhl BRARHECapPOYR tril e
sel ecti Vi% itbetne§ ddinsmisirnde. ((high yendens”) time astarhoicdllyf simple and

6- am nocaprebhbiit£l atthneexanEiddvweriddngntine disadvhhtagédhanararigaeliram 95 to
99~, 35 dependi88i M vealabyst abdraaeihen GORlirkiie0sar liponitrile

(hexarret hyl %ggkgégg 1& IA%PEE&B% | gni ficant by-product in terms of vol une.

The catal ysts are preferably nickel, ruthenium rhodium 40 iron and
cobal t cor‘r%ounds, referably those of the Raney tyge, especi al | y Raney

ni ckel 2% "RaRaye cHIIG thehethlr ARJeCs Eanechisyerdebliskle iRFaasest dehinsd
support ed @at shgsheginnminghi ch case suitabl e supports include for exanple

al um num oxi de, silicon dioxide, zinc oxide, activated carbon or titanium
di oxi de (Srnd5aAbpdnitlie 638d.inl982, ptbess LA2nEababysis invehtidn (d81) 1
30). Raney gr@hgkgh P PrebaHLATHY pheber et proeEss€90 3 s Clp

r ut heni odLu ron_and cobaglt . catal ysts can .adya be

modi fie \/m'rter‘%cgr%;‘t’‘Ea|°s]g &“t€§é6§? o“ﬁ%sf‘ \?V@r?%g?“‘l\‘ib,“\hf gﬁd ?‘ieroe%%é‘?éeR%f, 0s, Co
(only in tRELBLEE Df STPEREP}TY RH-CHS (Cpgcommyexgse Pﬁa periodic table of the
el enents. REEEPHPTHF GO 26PERT \GAGA3AIYEDS dati® PrateBsak EleadSording to
DE- A 2260978teBueédiat®oc. Chem 13 (1946) 208, the use of especially

nodi fi ed Raney nickel catalysts, for exanple chrom um and/or

i ron- mdd itgda prads 1@ Bhob@ImdrtamRec apsiHd-ni-koafst feldpdriteas. 10 The

anmount of t .4 enat Ve G 0; t , i
rhogi um ir%g%@leﬁfé of 1@ Qﬁi&%ﬁ%ﬁﬁ%sﬂgeﬂ_lﬁ p '32989 {d bd %tefisw:)/ yo

kel M 1L 0
wei ght, pr gFé?%%l‘fr}gngﬁ Saﬁivng?%%éé%/sr# Zw\é\n}:gﬁﬁk gt%eo%féafbgrﬂé?%#(} %gggd on the

Lanount of URAPEFiPRMyPEGEeTBO I vilthis) fRe srange BEONsEY B ¥4%Peyepeht

cat al yst s PBMupPRB Yl agd¥nproienabdy within sipaaspenfzen a0y sos150¢ a
furt her 3% ekéghedomnbedprens]lndiipaint the erdrgyepdrbmal b yrdyldiogemnabhed t o

6- am nocapF,gmi,tMé@jain ahepeh Bk itienper ature and 20 el evated pressure in the
presence of a solvent and of a catalyst by using a catalyst conprising i) a

conpound based on a netal selected.fromthe group.consisting of nickel,
cobalt, ir ﬁfsrﬂ%xﬁﬁﬁgiwpgﬁafy %KﬁqJ&PCEgase té@ Yl%lg o?

6-aminocapronitrile and hexamethylenediamine and to facilitate
40 the purification of hexamethylenediamine.

The partial hydrogenation of adiponitrile can be carried out
according to one of the known processes, for example according to
one of the aforementioned processes described in US 46018591, US
45 2,762,835, US 2,208,598, DE-A 848654, DE-A 9544161, WO 96/18603,
WO 97/10052, DE-A 4235466 or WO 92/21650, by, in general,
performing the hydrogenation in the presence of an element of the



i) fromO0.01 to 25% by weight, preferably fromO0.1 to 5% by wei ght, based
on a), of a pronoter based on a netal selected fromthe group consﬂs& FEB; 083
. palladium platinum iridium osmum copper, silver, gold, chrom um
nol ybdenum tungsten, 30 manganese, rhenium zinc, cadrri um | ead, alum num
tin, phosphorus arseni c, antinony, bisnmuth and rare e rth ne als, and al so
ii1)from RHIHLBOFRI T it ITRIRIYY AHPYFUFEBNT PR s §95By M’Q’h‘tﬂl'% based
on i), of cebedtpolnen basddephun onlbekilunesatalystsn ahkacratrmlyei&ﬁt Rapetal it
bei ng prefrer abké, as fhancenpousty bhised 1oad ord tya Intsttise o uas osusdeadiedmoor

rut heni umﬁ&ddr Beal MPRIrebckel sand chedi yard s Hhapess49r as icampeanent i),

the pronpter i pcptsdggygﬂfm %mdb§9 Sesdllvrcto m%&"tﬁ%mm the
conponen |a) He onent ii)
Lo o un nL?rh°xPF’€f e iapophide. AAIPAEEY CArHARSLRY CRREEs | bhs

at 45 | eastf snétabhpaimiddbastalvitsa axet Brrek|niaked ﬁﬂ@nﬁ‘%frﬁé’ Fosapt .
consi st i ngihdichnimeik edaclc deakdbpaddvithofurhhem elememttswi t hi n t he range from 10
to 95% by wei ght, and al so rutheniumand/or rhodium 2 6 f E B 2003 6 in

an am)ujpc& Mot Igla@ai stfs%%@ Béiﬁﬁgﬂc&lesé@m 'l@*atnges t}fs&,@ egngge sum

t ot al con‘ggn il k east on
pr onot er seP Asi % ing of silver,

copper, r’rmﬁg-méé‘érlhfe‘nloénFaFea’él 5 and phosphorus in an amount within the
range from0.1 to 5% by wei ght, based on i), and conponent iii) conprises
at | east ane egapogwthtiasedsogerndmlalykabrrimt alus andaatdmddrasuear fhomet al s

sel ect egs fapORot b@ow LOBReEOASH St EnOh $Hd h:'altl@e $06h 80 401885 UAndaC@si um

magnes um g CHUR I BRoBUDHIL 2ehby LS JoARee, | hOlR Ry L ek gn5% by
wei ght . Tl %u é}lxpapref rred catalysts are those corrprl sing |)f a conpound
(based on |ron such as iron oxide, and 15 ii) fromO to 5% by wei ght based

on i) of a pronoter based on an elenent or 2, 3, 4, 5 or 6 elenents

sel ected fm@nﬁb’ﬁ@@?ftﬁmo@o%lBwfﬁfa@ﬂ-YaqurﬂQnoué‘—l incbre presesARunf 2
vanadi 20 swdirganeseclares tamnaniaymardmesabs calbhalis) f eepedidld y>%nagnivel ght ,
pref er abl yrher @finOnia tmad¥iby ¥RdLGH isi GeRdrdiGuhathlihotnd.rarge @rbfo by

wei ght, bﬂﬁthinb)kg?) p%e%@?ﬂ@iﬁﬂ%%&ﬁdtﬂé' Ahdd kabin 875 aldal kge garth
nmet al , prefer§9 ¢le oMQﬂ t he group consisting of lithium 25 sodium

pot assi um & u?no cesiam magneS| um and cal cium The preferred catal ysts
may be solid or supported catal ysts. Suitable support materials include for
exanpl pFEuTOSRT - IUER AsABIMAFARGAT ST He T F‘Pééﬁe@?%ﬂf’d’élmlne

al unosi | i catdebentantiramedagOratdiadef thpamiamhadi ¢ri Hexamethodenedidnbxe de,
magnesi umaat e, cantun ldeddpy atite Zzaattitesannd iglosd tadlé vadedreabhonh Déh

m xtures tihekdgben( Pl ran8e 08N iRehy oM EPALAIRBoRE LI R hnivBYs LS Ur SOT' S
of Co”pon%tt ig) tﬁé’gﬁlr@% f%&lhld)rt%c'ébsoréréliezta%q p&? L?rt%e %@n?Q”PP&f?mS

ii), a es recursqrs, o onen sence or
absencgéjoof % gB? mut & FEF Lafe gl n_a%m%napgﬁntl r% ofseclaetcg"llys?

desired), M% ESP?%%P-%"Ocesm ng the resul ting cat aI yst precursor i nt 0
extrudates or tablets, drying and subsequently cal ci ni ng. Supported

(cat al yst s Tar gegenal althe 40matsirlohifabrablmodaproatitirale ngpd he support with a
sol uti on ofexeaEPRPBdHeJaninki )s afidkhih €RSirahd ifrbm dhexd rwdbigyi dual

conponesy %etfb%'nﬂgn d&?‘%aﬁ:‘aﬁ?k%%%‘a&%n'ébrﬁii@i%%%' Ofng OF by spraying the
Co”pone”t exa?e%l'l n%lsd?é' £1589 o) SQ&RPfEJL%tSBBBOHduc'L 3,CQaygOt L pnal
manner . VO AR 3

The catalysts used are preferably nickel, ruthenium, rhodium,

40 iron and cobalt compounds, preferably those of the Raney type,
especially Raney nickel and Raney cobalt. The catalysts can also
be used in the form of supported catalysts, in which case
suitable supports include for example aluminum oxide, silicon
dioxide, zinc oxide, activated carbon or titanium dioxide (S.

45 Appl. Het. Cat., 1987, 106 - 122; Catalysis, Vol. 4 (1981) 1 -
30). Raney nickel is particularly preferred.



Suitabl e precursors for components i) generally include readily

wat er-sol ubl e salts of the aforenentioned netals such as nitrates, 26 FEB 2003
.chlorides, acetates, formates and sulfates, preferably nitrates. 5 Suitable

precursors for conponent ii) generally i ncI ude readily water-sol ubI e salts

or conpl exes of the aforenentioned netals such.as nifrates, chlorid

acet ates, T e languERed s r&ﬂﬂl‘éff‘s&ré’é‘péélfiai:? He BRtRILEPEDI 1% nat e,

pref er abl yagirantagesushs o wadifdRovbph didtddise of Sthe NQuPSr ¥EBr 6©F 5 Moor

conponent swj idnd geaegr aFey Ruiclosdecoepsily isntbe- saselhdfe ndakes ) pfRit her,

af orenmenti p@eebtasl &3 lthaewéﬁoﬁ@dtabtelamreaetlemgﬂ@l %c%eeala «bcydr oxi des,
car bonat So QAON 4\ Or'fggsex %%nrﬁ%rgﬁé 2Rd S £s,
lI-ll OXI ges an aﬁ I’eCI a

preferab car’b ted from

aqueous sof ‘Eg/ 019 -sEPERY i Vbl 63 a%l%ﬁ'tl b‘isepggc‘?ﬁetcéﬁ} Y 'B?g ing the
pH or by 2Ransiamdickglt ﬁetéﬂéfﬁférralf%eexar‘ﬂféecézthép%\ﬂm'pr@ﬁidpér| al thus

obt ai ned i srarsualdifidd| eteadgener bl gyenaté famimo86ptonilih(iCe pedéetmbitieat. from
80 to 120C. Calcination is customarily carried out at from 150 to 500C, 25

pref er abhy ? 4 ' A | oo,
BhYzfl dRm:209 L8 ARG ik ?%ﬁg%m;{) 't’cgleggﬁas) egzt ggleg;rg{:ﬁ'vat od by

After calcl na}bel E ?q]attme yst materd al g £f

exposi ng it" Ty F“éd at sphere or- X&R eyb expo ®f or
from2 to P¥Hdut® £8%4 Y'ﬂ-’r%?&én BE PRI e Vo ENLR *é‘egé'énﬁﬁxfﬁ?% dtPpri si ng
hydr ogen ad@k gy Meveghtgaeas%ij@h tike nanquage et dinitwike8@sed.250C, preferably
at from80 to 180C, in ( the case of catal ysts based on rutheni um and

rhodi um 8sTiROMRARERESs dan He akelil 6N 20Rd Be8005ka B Riseh abliys Bdw fdrom 250 to

35 400C, |5|O‘,5mog,a§lgdgfoga§ ls¥1§}>§n% %a‘% 198e;0f the metals selected from
the group consisting of nic ron as conponent |) The

(cat al yst space veI city here is pref erably 200 1/1 of cataly

Advant ageotrs |3 FUEhESRcPTIERTTET BRPRFER I apgdPon Lt g FédPBE*Elﬂ]rlryect ly in
t he synt heBY ¥ qaeastet, ta framinRraperstigrae; By elleyatese senPenatiretandr wi se
necessary elgvwrtegdpaeysstepn ithe. préesengeassi wasolveraf ahdeosua faomlyst
cust omari | yy ais ifngoa 20t & Dy OCompr e £ibly at from 25 to 35C, by means of
oxygen/nitrogen 45 m xtures such as air. The activation of passivated

catalysts t ” rr |,ed out in,the Si eactor at_from
130 V3 & Hho' Dot 5?%% S0, &y & ‘“ 5{5% efﬁgfoerbf e b’ Ghond
at rmsphere con‘b‘?’?%sﬁd“ﬁya Th8°]8%1 fsrt°§’ may*t %"We&nfjnrﬁo‘?b‘ﬁ‘bt or Rl
as fixed®bed catalysts 5 in upflow or downfl ow node or as suspensi on

catal ysts {seefmgir-@11Fo 13% thyevwedabti @referehlyi Exbrot. 1i hoaSsuspensi on,

it is customarweightchbasedtenpar,abir @Spmaridier bhsed ajtga meaal 40e1artEd0C, 10
preferably w thidm tdhe 528@8 ddraMs8Onk Cod QAT 1apAGK| Coll Ainympr €feaakl,y W thin
the range frorwmrp %ggpe;: e ARRSSULS1d S GGG Bh! ym&l%%%ﬂuw thifydde, range

from?2 I fer w t ange from 30 _MP

particu arI y praar%geall?1 %Ie : %%lum' E&H?anca‘{“flug‘ 5[ QaWe%nuThegr &si dence
times are esseMIHyYEs ﬁ’é?)eer}f&enfmf)h’“ e &’éﬂ“}leld %/’?celrd‘reséF‘EEli‘l’\‘ﬁtﬁ;Sand
the desired coM¥eradiSén; the residence time is customarily chosen so as to
(maxi m ze the yield, for exanple within the range from50 to 275 m nut es,
pref er abl yiin )t fitdin ttheor asgsy fwedght) poeZHAblynetes.0.20 tbn3khpy SksiRMRSi On
procedusg, it pssadwantggegus] Y:oRB§§h@|t?asfe‘a WRCah M PAILI GEkAL &F quff d

di luents, advayy }?aciqqlléslé ?ﬁ'rﬂ@atr secondary or tertiary am nes, such as
nonoam nes, di am nes an riamnes having from1l to 6 carbon atons, for
exanple trinethylamne, triethylamne, tripropylamne and tributylam ne, or
al cohol s, 5 RespgcPEEESTFRIchansl aacf—mnn@tuﬁéngase%m @3l yurhemiima oror

m Xt ures theydiofn okt rusherdwantadechsiium olonsekaln aadi pbodium lies chosen
concent aat aoreampohentt hp, ravegerbrerarlQit)ocAP by cweiighl, 1 ed wypalpkidw t hin
the range a‘,mrn 3@t @uﬁghemer\efelcggtcomrntemuh réa/aﬂr e&e&g?é Jf,wnya Bel e

rangefro 7 iLgh bas um_t ot ponltrlle
and dil ue eé]e%na%?)ﬁﬁt oefn \(,:vg't afgﬂéxfor}esn geﬁera?l ylsérﬁ‘osen so that the

catal yst ( quantlty is within the range from1l to 50s by weight, preferably
wi t hi n t hePrehegaeflr oatdlyars2@xebyhagd gint whbak ecbmpenehe ahoeamprgsessat

adi poni #b6i lensisetde dbmppard bakelysh cgaeatl 0se tedterl $Pohetitargroag out

bat chwi se @csnﬁe&tmgusysﬂwc}@ier c8bd 1 efabedosat @l ats tamblint hei dpmnthew or

upf | ow m)dfaanden f%lnc E'O C@éerlg b&/swé;i‘b%‘l:tonahx 595& %%%%n%ulh eg;p(?/o%t Yh&aium




‘40 within the range from 20 to 150C, preferably within the range from 30 t30
90C, and a pressure which is generally within the range from2 to 216%490
preferably within the range from3 to 30 MPa. 45 It is advantageously
possible to use in particular liquid ¢iluents, advantageously prinary,
secondary or tertiary amnes, such_as noam, nes, . di.am nes _and triam nes
havi ng frohf 2% d?‘mou§¥6wift¢“9 503289% g%”bgm}afz‘an%% BY,prea gl b §FCD
trinet hyl abesrRd an tBEh§PRMRIEL OF] pPBRRASHTSné) akel ¥ )bucpmaapert iy
al cohol s, especis@s| ptrbedstnaneapdonttendiasedr eh ez aidbpalasedacted dirom xt ur es
thereof . Sepd @rdupetensesk alpedi BRDVer AT6BRRER, | Rantfafésd,t Phenilhie naage from
11to 10 ?’earp& egrpors%lﬂbl‘ grﬂ{na% taﬂxoﬁng’wﬂ_q{ingtﬂg ?Qx'x rE:rtolfn' '0?1 tl,é 445 by

pref erab to enpl o or this _a catalyst space velocit thin the’range
om0 1 TSI ke GEoRP o 37 ERTPOTANS &éh§ecwpoﬁﬁ55¥3g%oi’iéﬁ 5e of

adi poni t ri FeErUndh baped eon 1td adkelE JrRAGSI BAD 10 kald NReRRELR HREtSdPect | vi t y
can be conselddted Byowhtimigmpupheonesstdiargceft Lhehiun, isodadwarpagesism; o add
basi c addi ¢éyasm, @apees fbh yarlly daoxiadesin ear bpoat€Svivhial kbxi gesgeoferatkal i

or al kahpng, pard el ahsigir 15 m xtures of such conpounds, in the
hydr ogenation of step a). If a diluent was added in step a), it may

advant ageousIH)’/. b rgm)ved bet \éfen sieg a) and step b) i.n.a conventional
manner, pre}¥E Ja?b‘l(ifr y BYSESThest Faha LY BEer ERRR C 1&%8fple in step 20
a). The hydrogenation effluent upstreamof step b), as well as

6- am nocapt bni a2 teanppuniekased orl émedi anemaesandoadppdde 4 ranide, customarily
conprises, inter alia, hexanethyl eneimne, 25 bishexanethyl enetriam ne and
the high bojj efsor-o 2oCY2NOPEMRNMHASE & 31y dECRZSRIMR e3NBased on an

2- ( 6- am nohexyl Al nQ) To?t??h ,drzz‘),a?seBE”Ezeiemeents%&ié’&%éh 3% Sahgh&ou
(hydrogenation efiluent of .the present .lnventl on _can be wor ke 0'up pby
distillation i TS ¢8JuBACR LTy oBE e EREEPRE™ A1f#39) Y™ The reaction
ef fluent initi®@N19pNe88 RERaMEIIRHBNedPAmMIR® renoved fromit together with
t he by-@Poduct hexanethyl eneim ne (step 35 b)). This can take place in two
or nore colidmsromproeter abl lyy orealghal, uprefdcablly Epoh hie. pries 8RCBy Gleiigm:,

ni trogen bases;praseRtull 8r t Hgorb @t 10Rb PE oAU GLS we RPRE £ WAy ohak gess ahount s

of ACCPE can beoaduceds 48 & ot adkpenidsihgat ban ddhihgeasence of such
ni trogen bases. :jp a Ere? [ t., the base of gcolfuim { enperat ure

erred 0 n
in step b) shdidf B& Hsl %%v{i%fde?t%ﬁ’@t SFAbInY UBeF U 1H0RY Kt “t R Y"Sw vapor
pressur 83of t RPEHroBRERST U e T gbﬁf“é.‘?ecfeﬁéaﬂs PRSI 2BApGREE G -col um
tenperature should not be | ess than 100C, preferably not |ess than 130C
The pressuties mtefeheed ase adfystthemapl vamsodhdudbd subhperttegecasdlydis.within t he
range fromwithtle $0Pfport ZnakelrEB1 2003 liuvdeeSPE Cednplef poBLOs texi4ds Bhar. The
res}dence Ad r@%ﬂﬁ%pﬁh@xm,t %ml@]{':gﬁlu@.{m{i@e% hglﬁhééil!i'c?ttiegr) O4nSHERmd) shoulg
refera W . r - Ci > 10 aul.es.

'Flj'he bot ?g%)plre:gdutgtl lt%%%&?n&elgﬁgrggr’qt? eéocﬁj.’g{n [ gf%)t?lf&)eﬁ’ 0 g@%éguﬂg%%ﬁ ’gléggér ked
up i n tvio S RRE GEOTHE 28R I RIEHIETER ) CHRPIOF B byegs ddpreot-
According to step c2 (Figure 1), the bottomproduct is fed into a 10 col um
(K 2, wher eTiyarrireocapeomn iy idrepased drb\pegcoperdciat pagcpoadrsidfe i s renoved
in a sidestongemmehakeaf ftagetheirghitiviprecartbly @f eheeproadters, t he bottom
product 35 Téemdvaeatef i £p) WY Liempes atdH &ikA &P XDrsObft BEMPERSARL 111)

in the presence or absence of support materials (depending on

which type of catalyst is desired), if desired processing the

resulting catalyst precursor into extrudates or tablets, drying

and subsequently calcining. Supported catalysts are generally

40 also obtainable by saturating the support with a solution of

components i), ii) and if desired iii), the individual components

being added simultaneously or in succession, or by spraying the

components i), ii) and if desired iii) onto the support in a

conventional manner.

45



15 invention is bel ow 185C, preferably bel ow 180C, but the | ow vapor
pressure of the ‘conpounds to be separated means that the base of col érkB 2003
.tenperature should not be | ess than 100C, preferably not |ess than 130C
The pressures at the base of the colu shoul d advant ageously be within the
range fromO0.1 to 100, 20 especially ffom5 to 40, nhar. The residence
tines of tHIFEPLENPPPOURALS fOF hECRGNYSat) ofeRAT Altldp 1pSFuddh ipagiily
© preferabl y weeaxi-shilnbtdiesalarsgeif then afqueredtieosp@dietidly Buch 4%, mi nutes.
I n step sequieiieeesl,) tHlgriddsguaceited heEdrabtom aiddudifatss f gsheXeriabllo a
colum K 2a,;d3¢@ki ch the 6-am nocapronitrile is distillatively renoved
over head éstep cl)), the bottomproduct is fed into a columm K 2b, where
adiponitrile is renoved distillatively overhead (step dl)).and high_boilers
(HS) are r eHoVERP1¢i RTeHE 131t SAF pFIRRATEN 36 1) nIeP§Hadf ¥ LRl e FFavdhY, the
base of colv4aher-empebbe ugadtisnost epmplexeshed| the ea fsalepant 865 d mredfadsabl y
bel ow 180C, sdn}t atshaitpstds,vapibrpiess woetakes hef amresndsdt «u himteepanat ed

neans that iNhg RagecoiiLPHEFACHhEsPES BtimAtehoptdediath1pent esscdNamgl00C, 35

preferab n | . C. The pressures at the base of the col um
shoul d a%i%{/arhetq{tfgcggg)gf’éb%%%%%ﬁi n the range fromO0.1 to 100, especially from

5 to 40, nbar. The residence tinmes of the bottom product in the _

di still ati o¥igfabdeeprefyr HFSular pPRtRANGHLy bel i IaneTathd +amgeles r6afily o
60, especi atdter>spduldbe sHlhFt of. tH dfmrepastiofied @lkadit sapeksatamde i n step
dl) is advaqtxagaedskyrbielmenal8sSsacpraf evakbyibed owatBoatdsll iiraatew, vapor
pressur e; of cHiNG 16RIPOMREIS: e , Do SRPAE ARG FRBPS ddalrbRerBEsE BfareQk HED

t enper at ur e, shoul d gg%eg.e | ess than 100C, preferably not |ess 45 than 130C
The pressures at the base of the col urm shoul d advant ageously be within the
fange fromO0.1 to 100, especially from5 to 40, nbar. The residence tines
of the bot tBAYpREGuEE e RLLY? PEeriE HERFO ST ATt #EIQAUS SPRAEIRS of step dl)
shoul d pr efsalgisityvbdy Wy Hiddithenrafgrreoipitdants, @Y, chspetialthe BHt or 16y

m nut es. 20 ccHangtiher thedtaeereutevel of by-products, such as nitrogen 5
bases, especially bishexanethyl enetriam ne and ACCPE in the recovered

adi poni tri | e [AEaR(OC 5l oL 81 PLASE R hINER ! LR TBKES dislvant ageous!y
possi bl e to_Teel an organi ¢ ar mg,#],gm C a&ldbﬁatg V\%’goe Yo gr eﬁgé%bl y
cont i nuous! FAHES ¥ ha® oo &°r 8 r Phe 6 um Bt sP the e

adi poni t ri |G3RatAcE HOIISEPBAR bY SRFTE6AuRMs & £8P K22 @ %eCpuri fi ed,
bat chwi s25 rrgfiegbiubhty fem 2A0ota| 450°Gs t Hn a&n 9osgahreamcampai§any cakciat.
The adi poniditidogeobt ai ned by either alternative nmay advantageously be used
in the partial hydrogenation to form 15 6-ami nocapronitrile and

hexanet hyl e akA8ind OforEXRNB! 2 BY1yRCHELEPDL ) MR a3hER 8 fndg1process

of the invenlQiy o8l n{ bt iRGOEESSo [P LRRPL ST Mg&@géﬂafd LlaBiple b
hexanet h éened'l am ne urprisrogly, ., recyel ing the a |gon|tr| recovered by
the. procl SEPP% 16 BredERl Pavertd AR ER B0 the SAPEPR| “HARGERAPT oFf
process was® fRATnFLEEUF @ PMPS 1ELNE | REtge8 aBd At dgESti Bas hesuifd@Sgenat i on,

t he distil |mitinpgepur #%i&zam 88 b0 heX&meprsfenaddyant nEramd o te R8I eam ti ne

of t he hydridgeratsieonf cedtad st sbbaseds eort ratperbentandnyhodiium dwas reduced t he
level of 2%dmien®s2i £y adi0G¥CEopRMEN& Bobits peeyer&sh AditP@Rbhl 23® to
Exampl e 35 #)ooBl ePRTdd R8sl o ANddAGs0¥ 05 008N B CoF Al Thedd1Ihe partial

hydr ogenati on of adiponitrile to 6-am nocapronitrile an .
hexanet hyl esnee(ﬁcgr?lgn%g%sthcea Fred ou Slu%lﬁa %ﬁ 8§ Leal 3Pt FPAMEER Bs
based on” a FATRPEEPEe br g FapRLBEY PaSEC BRI T SeER kDI RFELeXRbIY DE
19636767. T pdit Pl @atdlystiracti on used 35 ranged from3 to 5 nm

40 Advantageously, the activation of the catalyst is carried out
directly in the synthesis reactor, since this customarily -
dispenses with an otherwise necessary intermediary step, i.e.,
the passivation of the surface, customarily at from 20 to 80°C,
preferably at from 25 to 35°C, by means of oxygen/nitrogen

45 mixtures such as air. The activation of passivated catalysts is
then preferably carried out in the synthesis reactor at from 180



-b) Partial hydrogenation of adiponitrile A tubular reactor (180 cm{ig: 8 2003
| ength and 30 mMmin internal 40 dianmeter) was packed with 720 m ( g&.gZ)U
-of the catalyst material prepared according to a) and reduced in a 500
standard 1/h hydrogen stream under atngspheric pressure. The tenperature
was raised.fr C r h the L NL Al 340C for
72 hours. ﬁé 9(%20%2 EE%f%é%gdg\é%zf%??e?w Eteda?grorpé;'r zri}LtnlrJr?g 52’2 O\Aegtreed, t he
react or waSCTRET- AP BLISAnd 90C feed tenperature with 330 g/h of ADN
(prepared from but adi ene and hydrocyanic acid in the presence of nickel (0)
conpl exes @&be catted Msttsamdypbeospiest Ue eorpachvds Risasoftend \pedsFat8IVG0 g/ h
of ammonisaiangpA¥dl Sramdandldy indife lbydasgenspehizeohydiggialsi QBewasiQRes at ed
for 1500 heurs under the stated conditions. Throughout the entire duration
of the run, an ADN conversion of 60% gave a constant total selectivity (sum

total of 10 the selectivities of 6-am npcapronitrile and .
hexanet hy| hetRaMGRAILION 98062 PHEd OFfi ABCATTISRELFLPR Sl &6t FYPEY™MRISLr eased

from 50% t bo48hdMed tempersbures® wifthinethenrange WoeRuf0 dfo Hypd@fGgenat i on
ef f | uenttolpréslr sigpanatiitainetid uenige feor £oldeabett dwarrgctberyyn for the
wor kup, Vm%)f@f&‘@é“bﬁﬁrﬁiitﬁgnpﬂﬁe hainganicsem £0 1Y 908 Rikea prassai Stid | ed out
of the eff ”SnE%Jb ?Jh%%@q W De P Angoky Iegﬁx"dnf“é €8 M‘%a‘a,t{'g‘f@tepéﬁf}?s' The

bot t duct t d t hy. .
o ot oy SO IS FERGE BE0T 00 AP B C B SACEF T B SASROL KT B e 1 e

and 30 nol %eackantt HABnAJEant A2 -TRBe bR 1aaNGSKi Fikehta 4Ry 95568EE2LBY vol une

was hexaSetibyémiaitriare theude iRl ydklleastlasfti®ity and the desired

2- ( 5- cyanopenv ot S0 chet rabydlmaz egnaeifnthstomarily chosen so as to

(2- ( g- a{n Domsﬁg&m Rt ?tiraaby%%ca@a{@ge mﬂ[ipﬁﬁéswxggelmngs@f td hf#sbgt tom

product in of., he negli nmove
rAFgRTRshegny SR O et Tl alin Wi Lo

over head at a base "of columm tenperature o contain
about 0.5% by wei ght of hexanethyl eneimnpe. ( 695 g of  the bottom product
obt ai nedO%wer ethf sti9R%Ed PR B- Urfuoti§| 5 AFLRALRECH PSS 1BLRht WRgy as
to renove &roRekkiZE1zas liqeid glidmenssapr@ranteceousl e riiragry3geegondary

adi ponitri be wetiary deshesansick asl hoavaniltsy dfaathgmrand itk éawimg i si ng

hi gh boi | ensvasg idndom RHOEUEiDbobhatens] | fdatdxamplast Ciddthgdamihe At @ tOp
of colum pressiyiamihe,r 00 2fod A a8 nBDaRa ADLIRG1RASS: OforCRhEBRoi£PEr At Ur e
was_var hede Bye VAIMNGLAEL PP Of CALHAT, RLASAILEy mdSll Ub. T allg.Mas 2 -
1. Tabl e 1 shows e gep ence of the 1-Amno-2: c?l opentenée quantity

eg Yano,c
in the adi pPBRTEHi1 & of St ARV O EafP t FRAVTF 23s? ?ctfﬁé%il(}ﬁ of the base of
col umm t enpereRIT@t 1P widbhpn prhe Bapge3fygn 10 to 90% by weight,

preferably within the range from 30 to 80% by weight,

particularly preferably within the range from 40 to 70% by
30 weight, based on the sum total of adiponitrile and diluent.

The amount of catalyst is generally chosen so that the catalyst

quantity is within the range from 1 to 50% by weight, preferably

within the range from 5 to 20% by weight, based on the amount of
35 adiponitrile used.

The partial hydrogenation can also be carried out batchwise or
continuously over a fixed bed catalyst in the downflow or upflow
mode, in which case it is customary to choose a temperature

40 within the range from 20 to 150°C, preferably within the range
from 30 to 90°C, and a pressure which is generally within the
range from 2 to 40 MPa, preferably within the range from 3 to
30 MPa.

45 It is advantageously possible to use in particular liquid
diluents, advantageously primary, secondary or tertiary amines,
such as monoamines, diamines and triamines having from 1 to



5 10 15 Table i Base of colum tenperature (C)ACCPEL) §E7FF82003
(Ppn) 198. 5123001S4. 911300184. 28900182. 23600182. 03200180. 927001B0. 52700180. 0
-2800178. 22800 1) ppm of 1-am no-2-cyanocycl opentene based on adiponitrile
obt ai ned in si destreamtakeoff 20 Conpgrative exanple 300 g of ADN

(prepared f om tad ene dro n I n th sence of

ni ckel (0) c )?83 a%m%’at aclr %aﬂﬁgg%}rlmﬁﬁgyg%mﬁne oun&%%ﬁg ocat al ysts)
havi ng a pu’?’-ﬂt%m@ﬁ’l%l% %télﬁuhﬁgr%@-'cﬁénéb‘é‘?ﬁ%lﬁe €6H'F%hft‘13df 21 wei ght
ppm based mathabN]l aedecetdianoill, | pdeferablyasamofilzolahmixenpes athaneaodf.

200- 205C, a pressure of 70 nbar and a boiling tenperature of 200C. Only 30
L ragestp}‘?him RRLkEESed eéﬁﬁio@%ﬂel?@ﬂf{é}ﬂn&ﬁa?%t@é@@m@ﬂ‘iﬁ tﬂ_@eraﬁ*m ¢Rbai ned
y disti 1,0n ,C0 e m_.0 C ape

accordi ng ?fo anéll% g‘p g"?) r]a%aigﬁ%)%mat oqz?)ash %md{;%&agygg% %%El %OSEM
W claim |IPre4sse %&@sgof’ﬂ‘fplf’h’e EBpFlb’cﬁJ(?t |C8 alyst. SPAEN B AT BT tHithéPand 5
hexanet hyl etfediramiogefsemrd iIngof Poth kaki pagiferably Witkhén sheprandgss frpa st eps
of a) hydr openato ngoakly parfl taditpenitr iy lpkesenexrenf taocatind ysinveasponsi ng

an el emepg emd HaGcei Ohd Nsd1raRSvi L Pred ®ep caat 01 Xt ayytherding aglel ve
conponent, fo %l%gl n, g, M xture conprising 6-anmi nocapronitrile,

hexanet hyl enediam ne adi ponitrile and high boilers,

It is advantageous to add basic additives, especially hydroxides,
carbonates or alkoxides of alkali or alkaline earth metals or
15 mixtures of such compounds, in the hydrogenation of step a).

If a diluent was added in step a), it may advantageously be

removed between step a) and step b) in a conventional manner,

preferably by distillation, and be reused, for example in step
20 a).

The hydrogenation effluent upstream of step b), as well as
f-aminocapronitrile, hexamethylenediamine and adiponitrile,
customarily comprises, inter alia, hexamethyleneimine,

25 bishexamethylenetriamine and the high boilers
2-(5-cyanopentylamino)tetrahydroazepine and
2-(6-aminohexylamino)tetrahydroazepine, i.e., nitrogen bases.

The hydrogenation effluent of the present invention can be worked
30 up by distillation in two sequences of steps (see Figures 1 and
2).

The reaction effluent initially has hexamethylenediamine removed
from it together with the by-product hexamethyleneimine (step

35 b)). This can take place in two or more columns, preferably one
column (K 1).

In the presence of the nitrogen bases present in the bottom
products, appreciably larger amounts of ACCPE can be produced
40 from adiponitrile than in the absence of such nitrogen bases.

In a preferred embodiment, the base of column temperature in step
b) should be below 185°C, preferably below 180°C, but the low
vapor pressure of the compounds to be separated means that the

45 base of column temperature should not be less than 100°C,
preferably not less than 130°C. The pressures at the base of the
column should advantageously be within the range from 0.1 to 100,



b) distillatively renoving hexanet hyl enedi am ne fromthe 15 m xt ur e B.20
conpri sing 6-am nocapronitrile, hexanethyl enedi am ne, adiponitrile zgrf& h2 Q}h
- boilers, and either Ccl) distillatively renoving 6-anm nocapronitrile, and
then 20 dl') distillatively renmoving agigonitrile, or c2) si mul t aneousl y

distillatively reppvi 2 6-a 'n ronitrile, nd adi, o |Ie I n
separate f PSEEFOAL; c%"agt &P 'Yc}ilﬁbarsré‘e of &b ‘ﬂ‘rﬁ? {£d bB%FB% 185C
in steps dipFogncg2in G @lSAlﬂaié’@e‘%‘S ofs s¢pRi b cehav 1€ &Fﬂfqra%i’erbél n base of

col umm t enpearator else arandeclfoam1BOED 60, ,Skeepsecila)lyrs ¢2) 153. mihyrescess as
claimed in claim1 or 2, wherein the catalyst in 35 step a) conprises iron,

cobal t, 1y gyel boﬁﬁ'&ﬂ%y&éﬂc@ ob PR Alon 1L A% hiatesh g8 SR bytéggl |y

1 | 1
The tot el vk M ke bR I T, FLEE TR FBKR! 15D REQHERCTS o AL o

t hereof as a¥aB&Pptf€hily active elenent. 5. A process as clainmed in any of
clainms 1 to 4, wherein the catalyst in step a) is based on Raney nickel or
Raney cobalpccerdihytel excpherepfigite 1)2 6h& BotRod0030d8cH.isA fRHOERES &S
Compr  seld (P s kD s EellindEn ek e S Tofeet Pt op @

consi sting ﬁf]%gpﬂje Sbafafnov?? thn rutlﬁeﬁl ﬁ%%‘magcé‘keﬁgg] e k%' % ?)%%ﬁaﬁs. 01 to
25~ by wei dl‘i‘ls) ﬁF%f”e?’%ﬂi’lef PRantlee PIGoRsPRYNES ght | based on a) of a
pronoter based on a netal 10 selected fromthe group consisting of

pal | adi um Thleabaaenef igdldimuntemsenatmrec dppetep sid)vert, thol mhesamton um

nol ybdensninkeRgsbRMNis HRNGINESS C,’ BRBESFADTA Helohadd e bheache algwm num
tin, phosphgy 42, pBLS ’ofa@fxénp&ﬂi:oﬁ'd§wghb@ d268 e 8aRd mmksthand al so
15 |||)fro e of co Q?HM% efaéﬁé% ﬁ%u #”Be %gssaFéaH | ght, based

fon i), of a co dsed bn ie sarth netal .

20 7. A pré’E§§ ae %I%%&sﬁnt{i?‘allrﬁ% vﬂé‘?éﬁrﬁSSPFe% ForipsuR8spaeden only
rut heni um Golpmadshenlst adyeRBATRAHSYd behsitin dthenrares OhddFam 9%
chosen &0 csppomnehly ifront hetpr ddmtmrar.i Fheargsidendestimels dfe tdespetswd
with, and tphedeespomeaide idisshaldtiwi dfesbasesk phonod wheferddhaycbaponent

1) is 25 §)iyRiAUPhe range from 1 to 60, especially 5 to 15, minutes.

In step sequence cl)/dl) (Figure 2), the bottom product is fed

25 into a column K 2a, in which the 6-aminocapronitrile is
distillatively removed overhead (step cl)), the bottom product is
fed into a column K 2b, where adiponitrile is removed
distillatively overhead (step dl)) and high boilers (HS) are
removed via the bottom product.

30
In a preferred embodiment, the base of column temperature in step
cl) should be below 185°C, preferably below 180°C, but the low

{ vapor pressure of the compounds to be separated means that the
base of column temperature should not be less than 100°C,

35 preferably not less than 130°C. The pressures at the base of the
column should advantageously be within the range from 0.1 to 100,
especially from 5 to 40, mbar. The residence times of the bottom
product in the distillation of step c¢l) should preferably be
within the range from 1 to 60, especially 5 to 15, minutes.

40
The base of column temperature in step dl) is advantageously
below 185°C, preferably below 180°C, but the low vapor pressure of
the compounds to be separated means that the base of column
temperature should not be less than 100°C, preferably not less

45 than 130°C. The pressures at the base of the column should
advantageously be within the range from 0.1 to 100, especially
from 5 to 40, mbar. The residence times of the bottom product in
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Surprisingly, recycling the adiponitrile recovered by the process

20 of the present invention into the partial hydrogenation process
was found to lead to considerable advantages in the
hydrogenation, the distillative purification of
hexamethylenediamine and the onstream time of the hydrogenation
catalyst because the present invention has reduced the level of

25 l-amino-2-cyanocyclopentene in the recycled adiponitrile.

Example 1:

a) Preparation of an iron hydrogenation catalyst
30
The partial hydrogenation of adiponitrile to 6-aminocapronitrile
and hexamethylenediamine was carried out using an iron catalyst
( which was based on a magnetite ore and prepared according to
Example 2 a) of DE 19636767. The particle size fraction used
35 ranged from 3 to 5 mm.

b) Partial hydrogenation of adiponitrile

A tubular reactor (180 cm in length and 30 mm in internal

40 diameter) was packed with 720 ml (1630 g) of the catalyst
material prepared according to a) and reduced in a 500 standard
1/h hydrogen stream under atmospheric pressure. The temperature
was ralsed from 30°C to 340°C over 24 hours and then maintained at
340°C for 72 hours.
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103! =10%& éb68§ of hexamethylenediamine were removed overhead at a base of

30 column temperature of 180°C and found to contain about 0.5% by

weight of hexamethyleneimine.

695 g of the bottom product obtained were distilled in a
continuously operated column in such a way as to remove around

35 305 g of 6-aminocapronitrile overhead, 380 g of adiponitrile via
a sidestream takeoff and 10 g of adiponitrile-comprising high
boilers as bottom product. The distillation was carried out at a
top of column pressure of from 20 to 40 mbar.

40 The base of column temperature was varied by varying the top of
column pressure. The reflux ratio was 2 : 1. Table 1 shows the
dependence of the l-amino-2-cyanocyclopentene quantity in the
adiponitrile of the sidestream takeoff as a function of the base
of column temperature.

45



xV4 =l | PS& 10%&' ()- 1 vO@#1098& ()-! @#10%& ()- 80' 109 & ()-9!0' 100/8
& ()-9!v' 10% & ()-9usPz[PE:!!P 10Z] 10Z] 26 FEB 2003
: 102] 0S5G'109%Z] & () - m S5G' 109%& () - nD9-" 109%&Z
& ()-19-"10%&' ()-!0S& 10988& ()- "W [9RB:!!1{0 ' 10%& ()-!
' 109 () -! Qg1 d0%& ()-Z ' fZ"10%k ()-Z
Fs10%&' () - y&Y10%&' ()-wvbz[ 9PE: 1111 & ' 10%& ()-0_10%&' ()-s_10%& ()-s!|0 10%&
()-s! 109" & () -s! hf #109B5&' ()-> 7{YK=/ 10 1
10! { 04f #10%&| B as¢ A TOWNE' (JAQSRIL0%R () - &
&0! 10990&' ()- ﬁf@,{a& . 00/@0& ()-K zX6K=/
10! 0&' 10%J: U & T0o&' (}-1rY" 109658 ()-}!0"10%& ()-Y ! "109%& ()-Y
& 109 ()-  phog ) J#HWIBK=/ (BRM)
11 {0Y*' 10%m *: 109 R ()-11S#10% ' & ()-!0"10%H& ()

-f1"109& () -1# ﬁ@/&/@/&/@/@/@/qom

YRR () -' 10%1&

()- 10HH 10HH

10HH! nD1" 1094184 (9 - 1 017 10% :

&11.300' 1"10%& () -

D& ())) WU30P1

| V0" 109888 ( JrievBBe =Bt A0vE-t)= D9&' ()-m 0" " 1096 +f +& ()- & " " 10%
ff& ()-&)o*hitd4l  zxaopi 1 ?aaolcwww (=1 +"10%m& ()-! SO~ #10%& ()-! 0~
#109&' ()-!~ #18%@& ()-hY" 1008 ) -, -#. ... .. b oP1 110" 109%ME10%& ()- 10 10
10! 07 @10%& (T3 3Ty @FLO%TRMXE] $300Y] 030" TOVEER ()-./1Blv11M2_=P1 1110

10% | & () - E—f1-8-109&
7& ()-L1K109%@#Y-F100& ()-0- - 1n-#10% ?, ?& () - MeP2; 32374445| Z8P1
11151+ 10% &160.3 r O#f #10%0082 700 @ #f #10% : & () - @" 10%& () - S! " 109XX& () - S

)0 & 10%% (JTEFoE67 77777 8S[Hoo
178.2 2800
1)
20 obtained in sidestream takeoff

Comparative example

ppm of l-amino-2-cyanocyclopentene based on adiponitrile

300 g of ADN (prepared from butadiene and hydrocyanic acid in the
presence of nickel(0) complexes as catalyst and phosphorus

25

compounds as cocatalysts) having a purity of 99.9% and a
l-amino-2-cyanopentene content of 21 weight ppm,

based on ADN,

were distilled at a base of column temperaéure of 200-205°C, a
pressure of 70 mbar and a boiling temperature of 200°C. Only
traces of high boilers remained behind as bottom product.

30

The ADN obtained by distillation comprised 138 weight ppm of
l-amino-2-cyanocyclopentene according to analysis by gas

chromatography.

35

40
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10"" a) hydrogenatlng adiponitrile in the presence of a catalyst
comprising an element of the eighth transition group as
10 catalytically active component, to obtain a mixture

comprising 6-aminocapronitrile, hexamethylenediamine,
adiponitrile and high boilers,

b) distillatively removing hexamethylenediamine from the
15 mixture comprising 6-aminocapronitrile,
hexamethylenediamine, adiponitrile and high boilers,
and either

cl) distillatively removing 6-aminocapronitrile, and then

20
dl) distillatively removing adiponitrile,
or
c?2) simultaneously distillatively removing
25 6-aminocapronitrile and adiponitrile into separate
fractions,
characterized by base of column temperatures below 185°C in
steps dl) or c2).
30
2. A process as claimed in claim 1, wherein base of column

temperatures are below 1B0°C in steps dl) or c2).

3. A process as claimed in claim 1 or 2, wherein the catalyst in
35 step a) comprises iron, cobalt, nickel, ruthenium or rhodium
or mixtures thereof as catalytically active element.

4. A process as claimed in any of claims 1 to 3, wherein the
catalyst in step a) comprises iron, cobalt or nickel or
40 mixtures thereof as catalytically active element.
5. A process as claimed in any of claims 1 to 4, wherein the

catalyst in step a) is based on Raney nickel or Raney cobalt
or mixtures thereof.
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nickel and rhodium is chosen as component i), the promoter

ii) can, if desired, be dispensed with, and the component i)

shall not be based on iron when the component ii) is

25 aluminum.

8. A process as claimed in any of claims 1 to 4, wherein the
catalyst used in step a) comprises

30 i) a compound based on iron,

ii) from 0 to 5% by weight based on i) of a promoter based on
( an element or 2, 3, 4, 5 or 6 elements selected from the
group consisting of aluminum, silicon, zirconium,
35 manganese, vanadium and titanium, and also

iii) from 0 to 5% by weight based on i) of a compound based on
an alkali or alkaline earth metal.

40 9. A process as claimed in any of claims 1 to 8, wherein a
diluent is additionally used in step a).

10. A process as claimed in claim 9, wherein the diluent used is
selected from primary, secondary or tertiary amines, ammonia
45 or alcohols or mixtures thereof.
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steps dl) or c2).

16. A process as claimed in any of claims 1 to 15, wherein the
l-amino-2-cyanocyclopentene content of the adiponitrile used
20 in step a) is below 5000 weight ppm based on adiponitrile.

17. A process as claimed in any of claims 1 to 16, wherein an
organic or inorganic acid is added to the bottom product in
step dl).
25
18. A process as claimed in any of claims 1 to 17, wherein the
adiponitrile obtained in steps dl) or c2) is purified with an
organic or inorganic acid.
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