'0050/ 47304 0050/473R4 preparation of aliphatic al pha, omega-anmino nitriles
The present invention relates to a process for preparing 5 aliphatic

al pha, onega-amno nitriles j:a.the presence of a catal yst. DE- A 44 468
‘93 di scl oses a process for preparing aliphatic al pha, omega-amno nitriles
by partial hydrogenation of aliphatic 10 al pha, onega-dinitriles at el evated
t enperat ure | p 1CE . t and of a
catal yst, byﬁﬂésjip?ge%\ﬂégg%r{ éﬁ/?’?’ i%?%%@c% %ra i'élggﬂ%tlg)g glt(s':%lr'%%nd based on
a metal selected fromthe group 15 consi sting of nickel, cobalt, iron,
rut heni um anthe R¥@SERE inventiogngelateg pp A, BROPERPL f0F PLEPFFid%rably from
0.1 to 5, 5%oalipkeitdht alphaamhega-amingritajilesfin theopresendaisa aon a net al
sel ected fr ogatdlgszQ group consisting of palladium platinum iridium
osm um copper, silver, gold, chrom um nolybdenum tungsten,

manganese, rgg_rx Wy 6??%%h&%n 'Qggg ¢J=1 rtﬁ?glsu?j%?gﬁgeéajﬂng %%]iop Igosphorus,

arsenic, antimny, rare . e . . c) from
0to 5, pref PREABRT. t‘_’d‘tg,li% RaTEApl Bydregegation o a(ld'f’ygﬁica
conpound BfsatPhs caggarfirityides| abrelavatedatppeerature apdrelevpdesd | 30
with the propressureatincting @resente)oficesalyentoand sif encahalystsi Py usibig
i ron or ironaafgtalyetowhidie dtnipelisesel ected from the group consi sting of
cobal t, ruthenium and rhodi umwhen (b) is a pronot er based on a netal

sel ected from; hg_ n% go gé&i ng OLletaltAet @it B £ PBD93Re580 hrom um and
| ybd [ qoubcind Based ol L £ g'gud. d
oLy s ot ndRi im oFORSLEEGE: S BAKAT hBASEHE mrid P B AR P R F SO Do um

i s chosen as @¥hponent (a), the pronoter (b) can be omitted if required.
The di sadvantage of this process is the formation of by-products 40 which

can be separ gbpdedih 10.0i1t Bo 02 AtprédifbbabLUY tirdm 0Lt b6 5, 2 bghie gegabagedo
ek 1o g2 BB RG Bpths MY e MO ||
co0e o o e A O e, e A S
for exanple in tFePREIge St Vehe %08 ﬁ%‘["r‘ﬁ?gf gelybdephny, FupgpEeRs o
6- ani nocapr oni t rhaeganegencxbentun, €ibg, spadrium, lead, aluminum, tin,
phosphorus, arsenic, antimony, bismuth and rare earth metals,
and
25
(c) from 0 to 5, preferably from 0.1 to 3, % by weight, based on
(a), of a compound based on an alkali metal or an alkaline
earth metal,

30 with the proviso that component (a) does not comnsist on the basis

" of iron or iron and one of the metals selected from the group
consisting of cobalt, ruthenium and rhodium when (b) is a
promoter based on a metal selected from the group consisting of
titanium, manganese, chromium and molybdenum, and with the

35 further proviso that when a compound based on only ruthenium or
rhodium or ruthenium and rhodium or nickel and rhodium is chosen
as component (a), the promoter (b) can be omitted if required.

The disadvantage of this process is the formation of by-products
40 which can be separated only with great difficulty from the
alpha,omega-amino nitriles, such as 6-aminocapronitrile or, where
appropriate, other required products, such as adiponitrile and
hexamethylenediamine in the case of 6-aminocapronitrile as
alpha,omega~amino nitrile.
45
Thus, for example in the case of the hydrogenation of
adiponitrile to 6-aminocapronitrile and hexamethylenediamine,



0050/ 47304 0050747304 . 2  there is formation in
varyl ng anounts of, inter alia, 1- am no- 2- cyanocycl opent ene (1 CCP),

2- am nonet hyl cycl opent yl am ne (AMCPA), 1, 2-di am nocycl ohexane (DCH) and
‘bi shexanmet hyl enetriami ne (BHMIA). US-A 8 696 153 discloses that 5 AMCPA

3”:3']: DCHI can b@exs:e;ae{ Eb@ﬂaﬁi&{nﬁe¥aﬂﬁ ' Iém%apbflﬁ?fme& alid th great
ifficulty A e

process i s 1%;@‘*” %’H?ﬁ @%%%‘J.E%P'éég ; df{ ? ?’P I Fod el Tfine
present i nveﬁ Ay CE) #%Par i n al i phatic

al pha, omega- Bh$hfxamet YF%%e‘HSP-aH'&PFl hlPHMTA)hyHﬁoge?laﬁﬂ%rl gf di$¢lnaes ghat

al pha, onmegéa- 8MCRA ranide DCH ncam depseparaied frofm bexametihydenefiaiimoemlpot have

sai d di sadvawittyexrearddibfidulty.al | ows al pha, onega-am no nitriles to be
prepared with high seI ectivity in an industrially strai ght f orward and

' t h hi d b
S(r:g(r:]g;nscfor g%fm%r r at \é%tuligilg phga}a%rlr% ggtg&]o Snit C%I%/?%SEP%/T'%I
hydr ogenat i of® fofenjﬁlfﬁhlﬁt?% %ﬁp 5ob¥ega-dinitriles in the presence of a

catal yst, herein the catalyst used for the parti al hydr ogenat i on
conpri ses 2Bt (i air ohject it dimpopnesdrds daventiomntoprovitere prideessofornd

(b) from 0. Ofréparitgbylishatiic abphefomsya-aminef nfiREDbLY! phasied ~on
2,3,4 or 5 eﬁfd?ﬂge%aiﬁbﬁcéf%flbﬂmﬁ@ HaY Bm QQS&E{J. g 8@%# Sm

and:
e bég‘? 3 Palld e Wl deek o050 PSR tsadyhsdidy' ksdiiy

al kal i ne bha, om% P@dnl:%ﬁ%est°pP%chr§daWhtl! ISR i n whi ch
conponent (a?el\%:té@ﬁtm #8 gn dpdgetrialnoEtapight fonwardsand a@usmiy wei ght
[ sic], predrereal y 92 to 99% by weight, 96 to 99% by weight [sic], and in
particul ar 98 to 99% by wei ght, based on (a), of iron oxi des, iron :

hydr oxi des W %v@()fﬂﬁﬂé &eih% ﬂ;jﬁ%w 8% 5@5{@%4%1: SHS; ON@%WP' es

t her eof a |ron((jrn ei I r ﬁ a? 0x|l

ron(11) AOPESEM 9.? S ﬁgﬁ RsomRgazaRipg b TSuch as
FeOOH. |t |s ePpLieR ‘b“se‘ Pﬁé?.%lnsw'omeaaréﬂrwnﬂeﬁ B tdhes prepepce
hydr oxi des oefia mteiyhtydrvd;er@eg thetratalystmagetfar thenpareiglmagnetite),
whi ch in thehydiegjenatden czomprdses described by Fe[err]Jerr], brown iron
ore, which in the ideal case can be 45 described by Fe[err]Qerr]*H[err]O

or red irgp f&ﬁ {0 et ompblind baBed Nén irdn 8§'m£§¥ﬁ}é%a@h2§é8¥*§ﬂa bed by
Fe[err](err].

(b) from 0.01 to 5% by weight, based on (a), of a promoter based
on 2,3,4 or 5 elements selected from the group consisting of
aluminum, silicon, zirconium, titanium and vanadium and

30

(c) from 0 to 5% by weight, based on (a), of a compound based on

an alkali metal or alkaline earth metal.

Preferred catalyst preeursors are those in which component (a)

35 contains from 90 to 100% by weight, 95 to 100% by weight [sic],
preferably 92 to 99% by weight, 96 to 99% by weight [sic], and in
particular 98 to 99% by weight, based on (a), of iron oxides,
iron hydroxides, iron oxyhydroxides or mixtures thereof. Suitable
examples thereof are iron(III) oxide, iron(II,III) oxide,

40 iron(II) oxide, iron(II) hydroxide, iron(III) hydroxide or iron
oxyhydroxide such as FeOOH. It is possible to use synthetic or
natural iron oxides, iron hydroxides or iron oxyhydroxides such
as magnetic iron ore (magnetite), which in the ideal case can be
described by Fe304, brown iron ore, which in the ideal case can be

. 45 described by Fe;03:H;0 or red iron ore (hematite), which in the
ideal case can be described by Fe;03.



0050/ 47304  0050/47304 3  Further preferred catal yst
precursorssare those in which conponent (b) contains fromO0.01 to 5% by
wei ght,” preferably 0.5 to 4% by weight, in particular 1 to 3% by wei ght,
of a pronoter based on 2,3,4 or 5 elemdnts selected fromthe group
consisting  Pupinéd Yrekbbred dAQAyHE) pHéddrEdrs hié atflidé@ aRdwNEedi um  such

as  al uni nuny, ﬁ%ﬁ)ﬂé&&” Aﬂndcéfﬁ{?ﬂl U@mm °FM$§%%% i catatasiny 0.5

%?S‘ﬁi”ést? ig;/ 15 LGBF gritn BERERCUEFS 500 PS BY G ig8to. 455 b PAIRYRE
0.1 to 3%by b 2 ve]or.% men‘em%ﬁlqytfdt Sr@nzmkeo@reﬂpgmnswuag

conpound l§a9édammmmal kitconiama| solicdkaltitendumtandnveapdipn efanchbes
sel ected fromallimiginOURitR66h did\gaqbdiahhi um sodi um potassium
rubi dium cesium nagnesi um and cal cium 15 The catal ysts according to

Lhe [ vent! oneqaRae HASURROS |Gl alyer SHRRAEY 39%%@4% snEyRIR es of -

suitable carrier silica,

al umi nosi | i caF8§p°ne’Far{FHaﬁ‘a‘?ﬁ%Hsdér°’E‘l 50 o &Y o‘%‘? tei0 r58n8d5|‘ v8%e,
magnesi um 20 WRiglt [Sisd oRreEenaRlyz 000} ta 0-4fdbEceeiahtoaPbdntar3tibyt ur es
t her eof . Pwepghtat isic Jasin parttdcudkes pl awe b 2% pbyoregighdt, | 0f Presaposods
of  conponenbaééd o anc@UkaEl Mer@Al BEr aykd1ine e6HER Gictadf, phefeaniyonot er
conponent s (blegred ferofdthé et_ﬂvou\ﬂ EBnEiéEﬂ{gS %rfslss?{mflh@ od&ﬁﬁcep&em%ﬁnt S

(c) in the presgnee or sence mat.eri a pen I ng on whi ch
type of catal ygg %““%’e&ﬁugﬁé’&) maqnesm It‘ﬁ] rcead‘cﬁlugéesm ng the resulting
cat gl yst precursor to extrudates or tablets, drying and subsequently

cal ci ni ng. 30TBappatalastsanergrdinacie the gign@n&lioal can the ypsubpertdsl or
i npregnat i ng shpported eatalysts. dExamples of switpbbentardizk, maberialsande i f
required, (c) pokbudedidieBOSEER &5 HQuatHa) NeiliiRdi, Vhﬁ&kﬂinos:.l@.@ﬁ’@@é‘,ent S

S|nultaneousl el y n o)

required ( ia gé%ﬂﬁ3 %?h& h%}%éﬂiu? d§§££%%§ ercgﬁtlo g& sdin
Suitable pidcgres mhonaid 2eafinee, and dckire © aﬁm 8% pkturegy; cp

are readily SGPEE?%f1n mater such as nltrates chl ori des, acet at es,

formates and sul f ates, preferably nitrates. 40 Sui tabl e precursors of

conponent s (bbraparamrﬁasuheru:nalttakeerplace:mypbeacispiﬁatlnghbrécwmrrseadi |y
soluble i n vwatghpodntd Q) ifaRQyEFRA! t6gecth éfewta Pé’cdi@o%%' gEdepe such as
nitrates, 25 BQL@&{F?‘:P@SS&EE;S@ f%gﬁt £F 1§l=_l aﬁ Sﬁﬁé&bé 36f the

DL oves o ERads ComRaeRbS SIS L g the %%'%O%egfrt Boegits, OfaRPTEHERY al cal

materials (depending on which type of catalyst is required), if
required processing the resulting catalyst precursor to
extrudates or tablets, drying and subsequently calcining.

30 supported catalysts can in general also be obtained by
impregnating the carrier with a solution of components (a), (b)
and, if required, (c), it being possible to add the individual
components simultaneously or successively, or by spraying
components (a), if required (b) and (c), onto the carrier by

35 conventional methods.

Suitable precursors of components (a) are, as a rule, iron salts
which are readily soluble in water, such as nitrates, chlorides,
_acetates, formates and sulfates, preferably nitrates.

40 '
Suitable precursors of components (b) are, as a rule, salts or
complex salts, which are readily soluble in water, of the
abovementioned metals and metalloids, such as nitrates,
chlorides, acetates, formates and sulfates, preferably nitrates.

45
Suitable precursors of components (c) are, as a rule, salts,
which are readily soluble in water, of the abovementioned alkali
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met al s, such as hydroxi des, carbonat es, nitrates, chlorides, acetates,
formates and sul fates, preferably hydr oxi des and car bonat es. 5 The
preci pitation general I y takes place fromdaqueous sol utions, as sel ected

?K addi ng. pre@del%l@“&x?d dikadlih édreH h@tath,orsdah asCHdH Gek!) gcamwt@we
e resultin | r
preferably f? 9.@58-&%@8 %%§E§§§%gé&ta%e$ %%le%ath ?on | sga{t%rg]napf%/?%{aa%rl ed

out at fromlg’(ydm and % from 200 to 450, [err]Cin a stream
of air or nitrogen. 15 The catal yst conposition resulting after the

cal ci nati on § $he pgeeipitidtjiopxpesexhlily takes|place fromspiwecus( golutinnson),
for exanpl asbyetépeosd Ny latiding prevdpogants) Byspleeeiny thedpa or Xbyre

cont ai ni ng hy ¢hadging Ncheé® ke ggﬂmg._as such as nitrogen, at from 200 to
500, preferably fifom 250 to [err]C for 2 to 24 h. The 20 catal yst

| oadi t hi f 200 Th
caralyst 1. adbapranebiely Eabeival drtermelisve 4F premalld dieaee reoR o

because thi0 rT@rriféplvyPJF%ﬁeé'@b&H frame 8P #Pald025Cst ep which is ot herw se
necessary, nanely passivation of the surface, normally at from 20 to 80,

preferably frame2aleimdtidnCib] formally BErPXe@esHtNiatr €66M IH0Xitdr 860 SUCh as
air, unnecesswéfgif 1y £r bﬁﬂtwrhs‘bf PESHi Wlstdesit yasitzsoksnf.@f't%)eon.

preferably carried out In the synt Hesis reactor at from 180 t
preferably from 200 30 to 350, g X{C I n_a, hydrogen-cont ai ni ng ,at npsphere.
The cat al yst® ThenCREA LS |GOPRAS LE19 %@&“BEH“ ALHSFsthe| crlgimagdon 1s
downf | ow procagnezslly exposedpbadedesicingsatmospherehéactivatiiog)meferial s
enpl oyed in t lexappdecsy exposidgnit tie eheydrogew eitmosphere ax iaplgasi mixture

al pha, onmega- diddnkhiihesg HydrdgehOdntlah linert gas such as nitrogen, at from
NC-(CHerr] - C"i 504, ‘i%f £bfy "o Bo'%eﬂﬁr bgo 112%19 hnfrhe

party Ut gy chealye? £ %ardaﬁfgm hlsta'&%‘ésﬁﬁ?ﬁfe&eera%ﬁrx R e

suberonitril ecatalyﬁFy particularly preferably adiponitrile. 45 In the
process according to the invention, the dinitriles | descri bed above are
partial ly hydrmgeeatallysy eifseaabhrytaigeduls&y achivesedc dipécilysdinvehe using a

Catalyst to aldyhrneStydareditd? because this normally makes an intermediate
25 step which is otherwise necessary, namely passivation of the
- surface, normally at from 20 to 80, preferably from 25 to 35, °C
using oxygen/nitrogen mixtures such as air, unnecessary. The
activation of passivated catalysts is then preferably carried out
in the synthesis reactor at from 180 to 500, preferably from 200
30 to 350, °C in a hydrogen-containing atmosphere.

The catalysts can be employed as fixed bed catalysts in upflow or
downflow procedures or as suspended catalysts.

35 The starting materials employed in the process according to the
invention are aliphatic alpha,omega-dinitriles of the formula I

NC-(CH2)n~CN I

40 where n is an integer from 1 to 10, in particular 2, 3, 4, 5 and
6. Particularly preferred compounds I are succinonitrile,
glutaronitrile, adiponitrile, pimelonitrile and suberonitrile,
very particularly preferably adiponitrile.

45 In the process according to the invention, the dinitriles I
described above are partially hydrogenated preferably in the
presence of a solvent using a catalyst to alpha,omega-amino
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NC- (CH err]-CH err]-NH err] Il 5 where n has the abovenenti oned neani ng.
Partic'ularly preferred amno nitriles Il are those where nis 2, 3, 4, 5
or 6, in particular 4, i.e. 4-am nobwanonitrile, 5-am nopentanonitrile,

6- ani nohexanqiithlihbe éH-ad FecARILNLrile), 7-aninoheptanonitrile and
8- am nooctanonitrile, very partl cuI arly preferably 10 6-am nocapronitrile.

The tenperatures chosen for car out t he reactlon in a suspensi on are
normally in the range from 40 ig onE?eN%’bly from50 to 100,
particularly preferably from®60 to 90 [err]C, the 15 pressure is generally
chosen i n thehexrege hasnthe ebo8émentipmeflemedhing s ParsitwlBfly pasferxedir|y
preferably frgfind hotPiles MPaardhendsRsiwliepreentigmes depends essential |y on

the requir ed aﬁ(:':.@hgar Sg) &cld, Vhté(m uttgﬁoﬁfgﬂilreed 5CORY RS anohiErile,

resi dence myi e t ed,
ST RN EU e DR SRS LNERL, 8L
mn. The &9 \?éﬁ?‘%n‘b?‘éth&BFﬁlyﬁ'pIV@fgdpPﬁ PR azdy péﬁ%f‘?ﬁ?bdﬁocedur e are
anmoni a, ak® fegmigpaapreitaidetri amnes having 1 to 6 carbon 25 atoms, such
as trimethylamne, triethylamne, tripropylamne and tributylam ne, or

al cohol s, Tlh N N tefp iﬁétM%ﬁabeﬁnﬂ)@U&&B?ing outOQ:lhﬁl sead¢ion ahesgr ably
anmoni a. e fcn%% i y hpss(pn nge
from10 to 9 ;g\g;i f iap/@ rQ Bg%i'fﬁ the 6aﬁg%:§§?largg Pr OgrQéF Q?irygm 40
to 70, % of tik 16 %ﬁ]ﬁ’ EFCE 5% 'Th a‘fﬂﬁmt of
cat al yst |£5g%ﬁ?é5&ll-’ﬁyl§e€l%lﬁré& Y ochRes, iph the Jrapge rPF‘o?n@t:*c?'SO,
preferably fromeferablpofrom 3f tohd0wpapicoiarly dineiferabty B8%m 4 The9,
suspensi on hwfangehat residemcebeines rdependuesadicinlilyeonrthe regudiredabl y,
continuously,yia3d48 bHl&ciiviltheahdi Gthedl Hed@SBed convER@iBAl L rasdyeneaat i on

can al so be Ctam{' 94 Rﬁm PR ser o S0 ehap! gg Holh ygﬁfafig%%tggﬂe&eactor
W|thado procedu reis
nor mal 1y c LEarsohEs BY 8077 % SRBFRERIY ARRRagt: £° 90
[err]C with a2°° m&Pessure |nthe range, as arule from2 to 40, preferably
from3 to 30, MPa. The partial hydrogenation is preferably carried out

45 in the premgN@eloénts Yteferhblpaiflioyeldy i Nt istispans H&s  proceduadi aes
and triam nes;dHily dmifes, GAROReR NP trithiinds havihgl W %rB6n
trlethylanbg t&ﬂg pgggﬂlégnﬁyimggﬂyiéﬁfﬂg”yk@gé£ﬁ§lam1ne, tripropylamine and
tributylamine, or alcohols, in particular methanol and ethanol,
particularly preferably ammonia. The dinitrile concentration is
expediently chosen in the range from 10 to 90, preferably from 30
to 80, particularly preferably from 40 to 70, % of the total
30 weight of dinitrile and solvent.

The amount of catalyst is generally selected to be in the range
from 1 to 50, preferably from 5 to 20, % of the weight of
dinitrile.

35
The suspension hydrogenation can be carried out batchwise or,
preferably, continuously, as a rule in the liquid phase.

The partial hydrogenation can also be carried out batchwise or
40 continuously in a fixed bed reactor with a downflow or upflow
procedure, in which case the temperature is normally chosen in
the range from 20 to 150, preferably from 30 to 90, °C with a
pressure in the range, as a rule, from 2 to 40, preferably from 3
to 30, MPa. The partial hydrogenation is preferably carried out
45 in the presence of a solvent, preferably ammonia} amines,
diamines and triamines having 1 to 6 carbon atoms, such as
trimethylamine, triethylamine, tripropylamine and tributylamine,



0050/ 47304 0050/47304 6 .or alcohol, preferably
met hanol and et hanol, particularly preferably ammonia. In a preferred
enbodi ment, the ammonia content is chosen in the range from1l to 10,

preferably fron12 to 6, 0 per g of adiaonitrile Mor eover, the space

velocity is %‘:ﬁ%??l y #,nmé ngﬁ1j 19111 %Qr@:.&xlé}rl?f erably

from 03to tri 00_1t
possi bl e by e o t? etrgegd 'ﬁ%‘f e éo veer‘—’lsnlmlé)nl

d
t hus the sel e%‘?‘f"xﬁnttylsagh‘?"é’dhﬁ“ea e ‘i@gﬁrérﬁ%}r%r%ﬂ WydPGﬁE?Fé"’E’?]dfn £Zom %
carried out 6, &g @emvenef ;dilponitsile oMorgoveb) etHQ)rSPFlnﬁsV?anel§Rl in
the draw ng5[preferably dhesdn dnogheatamye fesnl 051 ito 2.0) xprefendblyhfrom
contains  6-@ RRLARLONkY rd4 %dlEeﬁﬂﬂlrwﬁlenedmmme 2adeagbpant tiki 1 €. 15

Removal of 6- é“i%cl%pﬁg ”éﬁa[dg{l g ﬁ%af@é *%ln‘él%eghﬁ‘é”%e aﬁggs@ Q:I’ Jnlv@Ps YU Ch

essentially con L po e mxture ace in a
convent i onal Wf%ﬂ“’&%t i35 é"ﬁqgﬂrreé' for exanple, as di scl osed
in DE-A 195 002 22 or German 20 Application 19 548 289.1, sinmultaneously or
successi vell9. The paritdadi kydrdgenatmon rcarhdef casried|awn ixlai conventdonal ng
[sic]) is téddtiond salitalblle Gor Yhig Pudipdsel ¢R1the thex drnaeing S@ilcijal! y
conprising 6-am nocapronitrile, hexanethyl enedi am ne, ammoni a, 25

Conbrreing. oY RRESIENVIGDSLEkice B Gty SalcH Upepsnenoeti a1

conpri sing fr ht, .of
6- ami nocapr on ?‘?‘i“@caprbnﬁ’iﬁﬁe' X?‘Be %’1 gi"@’?‘%&ﬁ PO Bﬁ?'?)m? rAde 96 by
wei ght of 38 adi ponitrile, : from 0.1 to 70, preferably from1

to 40, % by vRemgwalopbf 6-aminocaprhsitmitehy hemeuetiylenedigBite ;md a 0. 01 to
10, preferabl yoftivn Fhibhtesdentiabyy Vedrgidinel adiponitrile Peomreidhwigeeiei ne
and fromegan 3dke BPac®&f & @Blﬁeﬁ{:&méﬁowh , Spreférlb1yehy rli:l.é?:flllatlon,
ammoni a, as ag ruI & | %1%(:%1\/&@81?93& %ﬁ# || g 0&)?@2‘1@9 égrmat% at
prerer ably f rom

bottomte er ure|
100 to 20029[ APRiisakian, 1% %[hgéé |§11“E“rJréFane°u51Y or SuSRBESIYYN-S to 30,
preferably from 12 to 25, bar in. the presence of one or nore
conpounds A whhedimtdlilatid¢n umdéhe first columphgl dirstthlel drawing dredict) obs
and whi ch boi tai¥Fiddeutapgecadrying out (i) €hetmiXiHecebséntiniay 18 bar,
to result in agHDNAngS6-aminocapPefii S, hexamethylenediamine, ammonia,

25 adiponitrile and hexamethyleneimine, preferably a mixture

.~ essentially comprising from 1 to 70, preferably from 5 to 40, %

by weight of 6-aminocapronitrile,

from 1 to 70, preferably from 5 to 40, % by weight of
30 adiponitrile,

from- 0.1 to 70, preferably from 1 to 40, % by weight of
hexamethylenediamine, '

35 from 0.01 to 10, preferably from 0.05 to 5, % by weight of
hexamethyleneimine and

from 5 to 95, preferably from 20 to 85, % by weight of
ammonia, as a rule in a conventional distillation column
40 at a bottom temperature in the range from 60 to 250,
preferably from 100 to 200, °C under a pressure in the
range from 5 to 30, preferably from 12 to 25, bar in the
presence of one or more compounds A which are inert under
the distillation conditions and which boil in the range
45 from 60 to 220°C under 18 bar, to result in ammonia as



7 ‘ ans50/47304& and a bottom product I, with the ammoni a not
béi ng conpl etely renoved. Sui tabl e as conmpound A are substances which
are inert under the 5 distillation conditions and have a boiling point in
t he range from 60 to 250, preferably #rom 60 to 150, [err]C under 18
bar . Exanpl es V\:hl | o] nes, C '%ﬁﬁkﬁ&
aromati ¢ conpounds, ht %%%ge rg:ﬂ# ESP:;&H rﬁéﬁl#zge ﬁl t‘?#%elg'ﬁgn gmnﬁts
wi th the abovenenti o &nﬁrﬁ Slﬁtgg‘y Fﬁm?) &% cul ar 10 Cerr]-Cerr]-al kanes
-and (Jerr]-Cferr]-al kanols, particularly preferably n- pent ane,

cycl ohexane, Suitebhe| asriqempounfiahcite subsbances hich areciners, ugilen-theopy|
et her, | sos aistdllatidnitodnddtiens anry hage a beilingapbintiliar lthepradhgs abl y
ethanol . 15 fhlam go0EGt25Y, pREPEHAWLYA Ff38RCH0 | fo NGOTBbE Yaridert W8 parge from

0.1 1o 501E,&gn§&s%%ycﬂm e Q.oné(ho%réheal%lnggt chﬁakgaagom
d : d
B o RoRE A0 R BieTenegobey pLviye, FELbS) [hicriles and

hexanet hyl eneﬂ“lfﬁ“ﬁé W?-%r"che abe&w&(‘@)i PrePRK tiffoniiB, PAHECHIABNI a cont ent
bei ng | owel0 tdsaﬁs-alkalmesdaedtﬁw—@e—almorlsacpertMIaxﬂYspb?mth o a second
distillation di-penhtahé} ¢ytldhekihe) ertfethplahnitedNeahados) dretviitrideoNni a
as distillat . aadafePodi-HgRbRFUCEtHdD, tlQéprﬁéddl' atnl-Qﬂtg ParfiGle IbeRE il d
out at a bott t gyg{_@ gg Br&lf'gr{bal&g%t g&?jhloo 50, pref er abl y

r

from140 to 2 err I ess range from2 to 15,

preferablyfrom4to 12 bar, W|thth rovi so that the pressures in the
first and }h&hecaBaunt % AemprRand A tadded ig, poymallysie] $heyranggofaemat €d so
that with a Bt 50m preferaklyr €r80 hdto dX¢ebtdohtlzbdedght ®f theabbttamse t he
distillate tgHyduatute is above 20[err]C. It may al so be advantageous to

carry out the condensation of the distillate fromthe second col um at
| over temﬁ{aﬁo%gs Sdch Cs;seent*l%ﬂf&rh ng BLERGRISLSHELLe,
ure or COoRCENt r i Rl
ARUMLE (Rackid e s T O RO AP SPEEEure

has been i ncr@!@@@lnﬁysh R @nsk asgoniagdhesgamonia {aeatent{being é@rﬂaﬁnﬂéﬁn t he
condenser thetheoidisdbarge HrembrebdotropRijuits stbjestedntoai | secomdpri si ng

6- ami nocapr orgigdil @at dex A b e eth allimigtudei PP nielic! Gompound(s) A and
Pﬁxg”fthm/ge”%dﬁ% ﬁag a{geatnsegp&wog BbtAomSp fd&aicf&&gd e dtls%m{i@m on
corrpound(s}gﬁ:’elma {; ?rT‘ 4 OQI% % th ‘{O% %an&f’aég:et q?’ %Let%n% %Qﬁl a?| on
bei ng carri eddde? atp e a?b(}% Rt anu i 1“}98 Faﬁg%f%SPb‘ﬁ?sbnt €50,

preferably frxangeadres 2 to 15,095g§epqy}y from 4 to 12 bar, with the proviso
8 - that the pressures in the first and the second column (K2 in the

drawing [sic]) are coordinated so that with a bottom temperature
30 not exceeding 250°C in each case the distillate temperature is
above 20°C. It may also be advanfageous to carry out the
condensation of the distillate from the second column at lower
temperatures, in which case the distillate, which consists of
pure or highly concentrated ammonia, is returned to the first
35 column, or

the distillate from the second column is returned, after the
pressure has been increased by a compressor, as vapor to the
first column or the condenser thereof.
40
The bottom product II, essentially comprising
6-aminocapronitrile, hexamethylenediamine, adiponitrile,
hexamethyleneimine and inert compound(s) A is subjected to
distillation in a third column (K3 in the drawing [sic]) to
45 result in the inert compound(s) A as distillate and a bottom
product III, the distillation being carried out at a bottom
temperature in the range from 50 to 250, preferably from 140 to



200, [err]C wnk0/4730&ssure in the range from0.05 to 2, preferably from
0’2 to 1, .bar, with the proviso that the inert conpound(s) A resulting as
distillTate are fed into the second colum and, if required, the

distillation is carried out in the presegrce of one 5 or rmre corrpound(s) B

fange T S0 e et PO 408 085 S Bl
Exanpl es whi ciF g |Sﬁed‘¥b ctd‘r?pé’ﬁﬁd ® %g é’r? ound

cycl oal kanes r%“é#&%’gca%cﬂ%&ﬁéléte rAfishifgendnto dthepggrend °°]é¥'Weﬁ§d' friles
and am nes wixtdgutilredabihee nidstidbatipr dsecareied outi Anpthe ipundsancei ofi-dng vyl
et her, val es @Y mbirkecompdiiidi@s, BCyKidhr are 2fénthainderhedy | @iBtyidlation
hexanet hyl eneedndlemﬁgxar@mhﬁnsdiﬁ@nnehe1§aﬂ@fﬁ5ﬁbhu £&AE Brbeoriviye
and/ or hexarre§ rgﬁ ggegr aﬁ(p Spg?der o CH grl y preferably

hexanet hyl enei'm erred e nBodi ment, hexamet hyl enei m ne and/ or

hexanet hyl enedi am ne is chosen as conpound B or, particularly 20
preferably, rixampleneyhidpornbe Brentinngddot commmsoanﬂrg is preferably

fed into codum K3 in an anount in the range from0.01 to 50, preferably
fromO0.5 to I{ikaHes| éf@loMkahbs, ardmatalkt 86MPewiHsGt nhphtiénes, BOEORSLS,
product 111, eat ﬁﬂ ﬁéy'ﬁhhs th Wﬁﬂoﬁﬁ?r%ﬁhbhﬁmn d properties,
hexanet hyl enedi am Le. ene.rt ? de fr re ur red
i nert conpourid{ & BLCE '&;E’% ejf edr sf’? on R ° %cﬁad’ﬁr't

(K4 in the dreghaRg: ET lagipgg %xarr?taYéenerrmqrr &eﬁaﬂﬁh@ﬁ’eﬁeﬁrw

conpri si nglhoratern lﬁmm%hylenemlrr@qendéqr i hrsemetbrbenatiaming, apara
si dest r eam priidmdarSplpreferabldgt hexdmethylpne snine hexanet hyl enedi am ne, with
t he bottom tenperature of the colum being in the range from50 to

250[ err] C andIn 2 #a?&@ff‘é&%oﬁ%&&' rhe?é%ﬁe{ i3 aﬁ’(? 7d0 1.5 bar to

result in 35

r oduct pped
T & par Ly e aY ehetiia g s chogen, S8 comasind, Roof » LSRR,
(Petlyuk c®® RHefesably, (e EurkBen SR Bnidiadfsde obtained is
essentially free of 40 hexanet hyl enei m ne and inert conpound(s) B, and from
ot her | ow Gurigound, BWergreferably fhdtinitbatelufinl kandhoan Hividuntodmt tiee

si destream pragiye! f§&1 001 to 56 r?@ﬁdﬁ@l f efork @ .55heot Do) h GE WHE W&ight
e

wher e appropdéptb%ttgﬂ dto t e third colum and the remal nder
Is di schargg ottom product IV, essentially conprising
6- am nocapfOnitrile 0050/ 47304,

and adi poni t rRYEOTAREOIREE Hildl BBPERTELLYS COURY NG SrATLrggaRTenitrile,

hexamethylenediamine, adlponltrlle, hexamethyleneimine and, if
required, inert compound(s) B, is subjected to a distillation in
a fourth column (K4 in the drawing [sic]) to result in a

30 distillate KP1l essentially comprising hexamethyleneimine, if
required inert compound(s) B and a sidestream product SAl
essentially comprising hexamethylenediamine, with the bottom
temperature of the column being in the range from 50 to 250°C and
the pressure being in the range from 0.05 to 1.5 bar to result in

35 a bottom product 1IV.

If required, the column is equipped with a partition in the
region between the feed and the sidestream (Petlyuk column) so
that the hexamethylenediamine obtained is essentially free of

40 hexamethyleneimine and inert compound(s) B, and from other low
boilers, where

the distillate KP1l and/or HMD from the sidestream product SAl is,
if required, fed to the third column or, where appropriate, only

45 partly fed to the third column and the remainder is discharged.

The bottom product IV, essentially comprising 6-aminocapronitrile



colum (K5 i P0SQ/4F304 ng [sic]) to a distillation to result in

6-am nocapronitrile with a purity of at least 95% preferably 99 to
99.9% as distillate and a sidestream product V, consisting 5 essentially
of adiponitrile, and a bottom product V,9 whi ch consists of high boilers

and smal | angupt §d£§orﬁ.q:r9.(ia' téﬁ&eqb gfz @ﬂ‘ézfse%stélﬁo WEN; h Sa SULRPEd
Wi th a parti G ggm.\l[))t %I% n:‘a\ £h& Y aw:m%t ﬁ.{gf J.ro%a@os eélﬁ% Ehe

adi ponltrlle f has
distillation® aBéP QRPREONLELYL %J’(l aaPBBHY)rﬁft @ﬁ'p ?%?'%rge“ﬁ'npf:ﬁﬁe’i%lﬂé’e % om

50 to  250[ &er Pe. %dé\s diptibhake and aheidestgeamr predurt §,300npdaling |t
i s al so possieseentiakliyvaf eflipdritimiileg and porbctitbinepasiucE ¥, debicleam

product V, te@ochb@éts WRHAghhBobdA=0RINAr SHATE a¥ohh€s of Glipdikbil€onpri sing
adi ponitrile and hlgher-b0|llng conpounds by distillation i.n another
colum K6, tgresu (g{ *trl as df tate VI %0 The art whi ch
essentially 5@??‘%’? di n?? inn 1§n8q'rli-:§?ﬁ ¥ ?r%‘?‘ﬁft%é‘ 8e§3r1|" ed wor kup
by distill at F§A1B% ???é‘eieé‘aé?FﬁrP'?ﬁ Figpgtrean &9 thakgthe ARPRBIRYH® genat i on
of adi ponil® iobtainedhhsslowam contensgucf Mah deidersmthes diski]lation

di still ate Vbefingnraxtiendnoldé at @rboaxtohotémperatadecin fthenrangentrdd S0siko] ,

preferably ags5géc sifiRst aepredsrdiGh ¥héraddeolewsin 1B dc5130b, mbér | r eat ed
accordi ng to the invention with an aci.d or an acidic ion exchanger.

Subst ances primarily suitab as, a cidic_ion,exchan are
those abl e t & at? :g rp&sgﬁ{)g%ho’rr?gcte(?ap?fgn% -1indng Adipqn ’g"r‘fg(igoa?ert i ary
sat.ur at ed ]énéléﬁ§§¥%ﬂ‘“&tpé&d&ﬁ¥ nés tﬂjc,fﬁa%l%ﬁ be. b°t‘F%ﬁ‘ tAEOGPSE| Y &A™ abl e
for this purgedemarkbaciomprising aadipenitrils ¢ind higherskiddinggcamgpounds,
preferably noy aisefliatjon in astilds wblahn 8, ke eephydch adfpomixiidei C
aci ds such agghigistf11dreagird, preferably sulfuric acid, in particular as
100% by wei ght sulfuric acid or as a mxture containing at |east 90% by
wei ght, ferably.96% articular with water or gsphoric
aci d, or a%ﬂo cﬁ‘&c?ﬁgt WiHe e?é ?‘éé%’bS g ’F%s%?0|a(ﬁl§pgﬁﬁf’e{|§ i F%S‘Pﬂ: Scid,
2- et hyI hexanéFf@ma‘éh%l dﬁﬁcFFéPFé wRrkpp byhdistillatdonsef u"#&ﬁa&&ﬁsgi'-%i‘ cm’aiﬁﬁ“éfe
t er epht hal i ¢ resbditiny duoe thechydingepation ofi@dipohdtrilenmsl eidestraam acid
[sic] such aprpdiet wenfm tobinen k5 geiid], bwmmall&wiu otk candmempl es
X];m aC: di ¢ I O%rGéShﬁ@ﬁ%nﬁ prodmet Cr it ol Bms Y y;qé f;lAr t

erlys 53%‘ r
m xt ures 0%55 ?%@gé aC| da c cgi{ﬁm%&f %|J 5 éféfﬁe ngé%%cgln%
adi ponitrile itﬂ tHE'S 118%8?1@‘?;% Il c8F |?f‘taﬁ’g' ic ion 9304

10 presence of a liquid diluent such as water, it belng pOSSIb|e to add
the |iquid diSubehancesartimariply suitabdei as bR<tisiee opr agidig iiopeexchangers

are those able to act as proton donors to primary, secondary and

30 tertiary saturated and unsaturated amines such as enamines.
Particularly suitable for this purpose are acids with a Pg; [sic]
not exceeding 10, preferably not exceeding 7.

Acids which can be employed are inorganic acids such as nitric

35 acid, preferably sulfuric acid, in particular as 100% by weight
sulfuric acid or as a mixture containing at least 90% by weight,
preferably 96% by weight, in particular with water or phosphoric
acid, organic acids, for example carboxylic acids such as adipic
acid, 2-ethylhexanoic acid, pimelic acid, suberic acid,

40 undecanedioic acid, terephthalic acid, cyclohexanecarboxylic
acid, for example sulfonic acid [sic] such as p-toluenesulfonic
acid, benzenesulfonic acid, and examples of acidic ion exchangers
which can be employed are Lewatit S100Gl, Amberlyst 15, Dowex 50
WX 8, Bay. Kat. K 2431, Amberlite IR-120 and mixtures of such

45 acids and acidic ion exchangers.

The reaction of adiponitrile with the acid can take place in the



addi tiron of #050/47304c adi ponitrile. 5 Direct treatment of the

adi ponitrile still mxed with hi gher - boi | i ng conpounds, for exanple the

bottom product V from colum K5, if the latter contains no adiponitrile

sidestream is i kew se possi ble. In §pis case there is an i ncrease in .
f’ggl dugn?ggh ?lgné&%ég o aaﬂ I rj_uégEh&%??“ U%@efnd}g rbetlﬁgr at 0 o;totlge
acid groups to 1; b]éi'sq rrg %I%ﬁjstoﬁfggg h %hfah%c 123% ore (f'eoe

| east equi moRGAItIPRRE é‘ﬁF‘? dhe adé&ﬂ?'%‘f’%‘?' It has pr oven advant ageous
to add fromO0.01 to 10% by 15 weight, in particular 0.1 to 2% by wei ght, of
aci d based Sobireetli torrutimenteof thelladipeartride atiddlipiwed mikk with the acid

can take pl a@ﬁghér-ﬁboz.l(i(h@V@ %&fh’r&s MNEYr ékﬁiﬁbl@stmé Pbtdid p%dbat PASToRd t he
20 adi ponitri 5,2 iffl XRE 51?: ggﬂgafﬁ‘sc Eoﬁ% Qéﬁ&?éﬁfe&t is
from2 to Zsrg ESV cﬁﬁgfg t|c err resu

reaction ti Ebn 6’1§0°ﬁf"’n E’érﬁccrlﬁagf i Ehesecond to
10 mi nutes. aE‘BuKEll% fid; PE E%ﬂ'fht?e 1PBnﬁ§%‘EPWnPFﬁ€ Mk tify Ehepamount of
convent i orkfl respdye reppdtingecafisr repovattof |lagkiponibrilkedt r acti on. If a

liquid diluent such as water is added in the reaction of the resi due with
the acid, thenki ﬂé'léi: didtdgnbs Came hRiGe PGSk torkBbebadid FTRY8Lngs Jrddent
adiponitrile,;npEgl ef%%%e h8GEE iy 'aQ“leéQt ec{ﬁf}l%hﬁi” rdBbr bi% déﬂcﬁ}é on.

or % uc.

I ik
olli.)t e?ne:j S}Mt %fe!“g e‘ttt gﬁso?mj‘v“e}t,g%‘éﬁgg o gt‘gi s PYci d

to be rendhPeifeish T=n Hﬂe PaTticRias 4-d &9 2 t“?e&&f‘?-on“ f%ﬁldekaﬁﬁié’% th
wat er . Tladindnploriileri | e obt ai ned by the process according to the
invention can be used anew for the partial hydrogenation to 40

hexanet hyl en@ﬂbaﬁéé@tﬁﬁ o%- a&w&ﬁad&rﬂal With &he?¥eidi H8h AHhke plﬂéé easQ i N
hexanet hyl anSabsaREEIEaE wdl: Coudll LBy hiing o 89% 3*“{% e,
speci fi cat%ed(: lﬁﬂﬁiﬁﬁtﬁygeﬁn aﬁ}ﬁ%g gdr P Jé’tmbﬁx"ha?% ?éi?'gf‘ F?‘F%usolfy fife
catal yst for BB ¥ i20°Ry gl RaTAirshar 439 to 3A@° ‘fﬂd’é’éﬁ%‘ ERIVYE AP to the
i nvention reseattiom timesl phafvomedasarond o t30 mdyutes goiad mteemlm tli es
and wi th smalseebnd to 10 @dn0Gtdg304 11
anounts of by-products than in the prior art. Furthernore, the catal ysts
enpl oyed afs"%a%@ﬂ E)?llteh%a ”E&@%&%eﬁaﬁo:ﬁ HSWiRehty in lLRGGGeHSHIAYL 1T €
than conpara e,ngvaRQageous y by d Qiaéion or extraction.

If a liquid diluent such as water is added in the reaction of the

residue with the acid, the liquid diluent can be removed, before

30 removal of the adiponitrile, preferably by adsorption, in
particular by distillation.

It is likewise possible and advantageous for the reaction
products obtained after the addition of acid and, where

35 appropriate, excess acid to be removed from the adiponitrile by
extraction, for example with water.

The adiponitrile obtained by the process according to the
invention can be used anew for the partial hydrogenation to

40 hexamethylenediamine and 6-aminocapronitrile, avoiding an
increase in the level of by-products which prevent the
preparation of hexamethylenediamine and/or 6-aminocapronitrile
complying with specifications and/or have an adverse effect on
the useful life of the catalyst for the partial hydrogenation.

45 .
The process according to the invention results in
alpha,omega-amino nitriles in good selectivities and with smaller



The al pha, onRbMATROMitriles are inportant starting materials 5 for

preparing.cyclic lactans, in particular 6-am nocapronitrile for

caprol act am The neanings in the exanples are: ADN =

adi ponitrile 10 ACN = 6- am nocaproniggrile HW =

hexanet hyl en =pro Tets Wrant ih' @ﬂégrl%rd gl rﬁ%e%@f‘énethe AMCPA

= 1- am no- opent net.rJ am ne
15 |CCP = %n}'n"ﬁge 3"88 %c?n?%%xm"ef‘ 16 a" ""prgg dn of
catal yst 20 1°R9FFFx?%ﬁfé“ofllﬁﬁ H’é%’? tcé’mpﬁﬁﬁﬁé%l‘iﬂﬁa&é(ﬁﬁﬁnﬁli‘ﬁ“ tRf[B 199 ae‘r"r]
and cal ci um Tl@anbphm@ne\msanea@ nitxiles, az@dindertapti %I‘Famté@qmatenmls
crushed BiEoac peeparims cyeddei barkdms , AiB. p&ittiilcad ar T6 famitmciapr&al et st
Manuf act ur e (fJ&Qég réBaaml67/ 68, to result in the follow ng 25 oxide

corrposition %by weight of Klerr]O 3.0% by weight of Al[err]O[err],
. 3% by wei g ght of Si, 0.01% by weight of Ti,
remal nder hﬁhe 5‘??5%%95 J‘§Ot$ﬁ|§x%%5’sﬁf?bn was subsequently reduced in an

N2/ H2 streamAé)E" =A50PSiPPRitEilerD | passi vated at roomtenperature with
an N[ err] /¥ RACN M%(turﬁea(ninommmtrﬁﬂ-al r in nitrogen), the tenperature in
t he cat al yp bed nothexsmeehlyTeneipmingC; and washed with water for 7

days. 35 Thepggesuld i n@l%akatyﬁsilqd-tih&miﬁﬂd REx&MEPOSi ti on: 1. 2% by
wei ght of Al 4% by Weiy _a“&q of K, 0.11% by

wei ght of Si r;'dﬁ él% by IWEI H{D -2 omgtrﬁéf/r%io\ﬁghggﬁ oxi de. The total of
group b) pro gs S € the total of group c) '
pr onot er s, 12 R ared alsaB‘kPﬁ'e%'clﬁaémEYEB"/BﬁﬂFW wei ght . b) Parti al
hydrogenatlon of ADN to ACN A tubul ar reactor (length 180 cm d = 30
m) was packeskampib #5 740 ml (1819 g) of the catal yst conposition prepared
as in (a) and reduced under atnospheric pressure in a stream of hydrogen

500 | (STP)/h). Th ] t b d f
((3050/ 4(7304) By Plepafhbild ¥r LAGalfdPOr ure12e| ngstr)?lef(ra] C '[gm340[err] C

over the c®rse of 24 h and then kept at 340[err]C for 72 h. After the
t enper at ure Hadipsure refimagactitei Ralassinm carhymage; hAlyfly, 2389 CAHGINONHI
and 500 | ( STRarbokateasad deaitrtveatel, andetie moliddéied 5 HawasAtreshed
runni ng at llf}{eeseleehed £7Aesbribde ADN.B. Stiles, T.A. Koch, Catalyst
Manufacture (1995), pages 167/68, to result in the following
25 oxide composition:
1.1% by weight of K;0, 3.0% by weight of Al;03, 2.3% by weight of
Ca0, 0.11% by weight of Si, 0.01% by weight of Ti, remainder Fe
oxides.

30 This composition was subsequently reduced in an N;/H; stream at
450°C for 72 h, passivated at room temperature with an Np/air
mixture (24 h with 1% air in nitrogen), the temperature in the
catalyst bed not exceeding 45°C, and washed with water for 7 days.

35 The resulting catalyst had the following composition:
1.2% by weight of Al, 0.74% by weight of Ca, 0.02% by weight of
K, 0.11% by weight of Si, 0.01% by weight of Ti, remainder Fe/Fe
oxide. The total of group b) promoters is 1.32% by weight, and
the total of group c) promoters, calculated as oxides, is 1.06%
40 by weight.

b) Partial hydrogenation of ADN to ACN

A tubular reactor (length 180 cm, d = 30 mm) was packed with

45 740 ml1 (1819 g) of the catalyst composition prepared as in (a)
and reduced under atmospheric pressure in a stream of hydrogen
(500 1(STP)/h). This entailed the temperature being raised from



5 conver si on 0055@/45%0& he ACN sel ecti vi ty was 42% and the HVD

selectivity was 57% Al so found were 3700 ppm DCH, 55 ppm AMCPA, 30 ppm
| CCP and 1560 ppm BHMTA. Exanpl e 2 10 a) Preparation of catalyst

The cat al yst was pr epar ed by heating a gagnetite ore at 1500[err]C under
nitrogen forg | at e | @y ) LOn:
ot b e ghy 48 §% 5! Lﬁupgf orgalé hey f H ﬂaﬁi%im gltdon.
by wei ght” of 5}1 erl r engi nder

oxygen. The £8 a1“ GT ”@Noupl %/Wér%nq 350(9 5:4) B). ’b)f’&/\fé?@hfed Amior hhe
total of grozgackoprundsrersd kay c Hfapsdrernity o%i 48°C ifor19080Mby thei 4PN,
The cool ed sbiconkendiore aswass cothe ACNedelectavizy wasis4t¥ anandha HMD particle
size fracti ogeleerivity W@s357¥] ISoS ¢8R 66L12UEB700NSpm DORKi €8 Sph M, Was

reduced in agolr}ﬁﬁriédy[ ahhl 1866 RmgrOlerr] C for 72 25 hours Af ter
oontte

. cooling tor nper at ure .und nitrogen, the Fe catal yst was
passivated with an N2/air stream (24 h with 1%air in nitrogen), taking
care that th@"ﬁ@ﬁb%rzature in the catal yst bed di d not exceed 45[err]C.
30 b) PartlGl hydrogenation of ADN to ACN Three tubul ar reactors
connect ed i najer Peepétatidn loEngatalyst m d = 6 n were packed with 141
m- (239 g) of the catal yst prepared in Exanple |a) (1 5 - 3 mnchi ps)

nd th d t 200
1) For  tnice cebifiec e RIS By REREUIS o Hafndtl qog; |

[ |
PRy v R G R G feﬁén 58 E?i G 72
hours. Af t3 COmBOSitiQhiperature had been reduced, a mixture of 75.0 mM/h
ADN, 365 RAhbRHBEeightc pfafe, 2@ 7% BYPyéighi O[fsN;} NB Y by wealght ek 40
reactor undecca250. 48 bylweiypstofiagy,caLli®dbpuieibht 66Ein00r91%Nsy weight
gﬁgrfgzﬁl Itg e&t @Lysgengazmd}ékt YxPger\Chngi eb@la?ra;k YebBStbY igrbmbRers whﬁte.ﬁ\ged
t enper at urzeo %Xlsifgﬁtf.s %ql%\géh et%faa;hg: 89%&5 ¢) 'ﬂﬁo@ég%i '75%3'%8&59&1 OJS
13 ' Ie 1 _
ACN + ADN HVD DCH AMCPA BHMTA | CCP
Tenperat ure menveobémerSskeeflmeltw WSeI eel!utlinu:bpd $al| 2ciawicrpsber| eand @
(4 [94 park¥tle size [fppotidmfrdmon.5MY 3 mm waBOscreened/oit. THO. 4
18.5 98-5)ox§agocafgﬁ§st.was redudéd in an Hp/N, stream at 450°C for 72
25 hours. After cooling to room temperature under nitrogen, the Fe
catalyst was passivated with an Nz/air stream (24 h with 1% air in
nitrogen), taking care that the temperature in the catalyst bed
did not exceed 45°C.

30 b) Partial hydrogenation of ADN to ACN

Three tubular reactors connected in series (total length 4.5 m,
d = 6 mmn) were packed with 141 ml (239 g) of the catalyst
prepared in Example la) (1.5 - 3 mm chips) and then reduced under
35 atmospheric pressure in a stream of hydrogen (200 1/h). For this
purpose, the temperature was raised from 70°C to 340°C over the
course of 24 hours and then kept at 340°C for 72 hours. After the
temperature had been reduced, a mixture of 75.0 ml/h ADN,
365 ml/h NH3 [sic] and 200 1(STP)/h H2 [sic] was fed into the
40 reactor under 250 bar. The test was carried out for 950 hours. No
decrease in catalyst activity or ACN yield and selectivity was
observed. The results obtained under the stated conditions as a
function of the temperature were as follows (Table 1):

45



90 - 72.10050827304 31.7 99.0 2900 250 48 96

89.4 48.8 50. 2 99.0 2100 120 990 60 107 99.9

0.6 ° 98.6 99.2 1200 25 53 10 The results in-Tab. 1
show that the ACNN HVD rati o can be set g% required in the presence of the
catal ysts according to the i nvention, pgpge tpat ACN + HVD sel ectivities of
about 99% are 15 achi eved. They further denonstrate that the anount of DCH

o, A, TR R o

Less DCH and}

U S 4,282,3 erage amnou of

by- product s fesBfting i Ni t ﬂ?ﬂ“bb‘ﬁf““ HMD]

hexamnet hyI ens-dr;@n' e MYsts T, oq arc 270D -
4000 ppm for 1O laYaal 00 50 for 3?—: TA.
25 It was| nof9to be Taor eseeW-3and 1278 t??ﬁt smal | dr 48

not |arger, hno@éts ¢f 8CH and488VCPA asak B MTA9ar e | 2morfedi2ahdn 990 ACkB HVD
m Xt ures ar efpry X 'pﬁﬁ§€ﬂ1e SH6 LT T968M 1'1ogpdT algS 1S accyragm to
t he i nventliloh—{see—for—exarpte—Fab—t—30AcN-—sefect+vi+y—45—899—

Exanple 3  a) Preparation of catalyst 35 The catal yst was prepared by
heating (at $h@0fesults undesbniX rshoeNthat the ACRAHMD )ratid whilBe Wetd as
_Z‘i?gre:ig[ee?:§ Y Adu wg,sth{at pr&d&ios gkxéiéh cat¥illBe s 436dPaive '?@tthe 40 72%
0
oy vl ont P -peRELTEC ARl LEe€ gt g e e TUsPles, %‘%ﬁ% S9N o,
DY e Ot e aphioyed o inpis) Bltedds adrat Dbl ] Dot &80l ed
bl ock of nel AMGRA Rased et hexamethylepediaming de&ﬁﬁd%t o5 ri‘*P’t‘,I e size
fraction frogpivérsiom msﬁswaBCIsw@edebutbasedApal §MD s isf prheevhtad yoire

precursor obumbnesl produbed.way showed the foll ow ng conmposition:
0050/ 47304 - 14 69. 6% by wei ght Fe,

L 81% by ygi g §0/ 26 083% B ] 9 ahe 1, QOISAEY UG 0L BickhtiDY

ot R g Gela, gogiting S ﬁﬁdﬁwﬁf&gfm&%  Salpontyiie Lo

cal cul at ed a§ex§“®§@ﬂ@5‘edF§1“£n®M Fpeneregfnce of ?ﬁ‘éncﬁétGéYé'aF alThase,aze
reduced in aR4bperr{00q ppm] £or rRCHN a004501® Pp@ for AMCPA and 3000 -
5000 ppm for BHMTA.

25 :
It was not to be foreseen and was thus surprising that smaller,
not larger, amounts of DCH and AMCPA and BHMTA are formed when
ACN/HMD mixtures are prepared in the presence of the iron
catalysts according to the invention (see, for example, Tab. 1,
30 ACN selectivity 48.8%).

Example 3

a) Preparation of catalyst

35
The catalyst was prepared by heating (at 1500°C under nitrogen for
6 hours) a mixture of a magnetite ore which was intimately mixed
with 3.4% by weight Al,03;. The magnetite ore had the following
composition:

40 72% by weight Fe, 0.07% by weight Al, 0.03% by welght Ca, 0.04%
by weight Mg, 0.11% by weight Si, 0.01% by weight Ti, remainder
oxygen. : :

The cooled block of melt was comminuted in a jaw crusher, and a

45 particle size fraction from 1.5 to 3 mm was screened out.
Analysis of the catalyst precursor obtained in this way showed
the following composition:



72 hours. Af 095044313049 to room tenperature under nitrogen, the Fe
catal yst was passivated with an N2/air stream (24 h with 1%air 10 in
nitrogen), taking care that the tenperature in the catal yst bed di d not
exceed 45[err]C . b) Partial hydrogepgtion of ADN to ACN 15 The

adiponi trileggygy C}?FQ% LRE f%g‘%' E é’:} ghd tAli tPeoﬁé)rﬂ:y weE@ﬁ@l
33

d bed M and th
aﬁgﬁ:l!tseoflg gﬁtﬁ? gHEI ydro é% dw?Jr?ht ér’ hé)]u%r bé’i?’?i%%‘o da'?o ‘e

b
Exanpl e 2b). renppindgy OXyIeRntH$OtAL RDNTTI B SPESMOERTSAER &
sel ectivitieweightl tédnd &heubetalofofsgibonpli ) prwnpmntqa,lcg@a'aed\eqs on
hydr ogenat isopxadled,/[iar 11].C4% by weight. Table 2 25
ACN + ACH AMCPA BHMTA | CCP ADN ACN HVD HVD
[oimeratur e EREVEKRIQRaBENGEL ydd %edBLEd |1 d ngﬁ‘&zegt&%y 5 asozel €651 0
g{qg 46 472 h%ﬁF Aftgg %o£ t09600$ pera %re undg§5n troggﬂ7 th 45
0050/ 47304 Fe catalyst was passivated with an Ng/air \giream f24 h WEthAlﬁr%%%ss
for preparingnanipregean) ;atphin® mege- thahothe themperature inhyheacatallyst
hydr ogenat i obedf did indtakexeedd pdepconega-dinitriles

b) Partial hydrogenation of ADN to ACN .

15 The adiponitrile hydrogenation was carried out with the iron
catalyst described in Example 3a). The conditions for catalyst
activation and the amounts of ADN, ammonia and hydrogen fed in
per hour corresponded to Example 2b). '

.20 Table 2 contains the ADN conversion and ACN and HMD
selectivities, and the amounts of subsidiary components, obtained
on hydrogenation at 97°C.

Table 2
25 ' ACN + -
ADN ACN HMD nvp | ACH | AMCPA | BHMTA | ICCP
Temperature | ~qversion | Selectivity | selectivity | Selectivit
[°C] %] %] 2 R [ppm, based on HMD]
30 97 91.8 46.4 529 993 1900 90 | 900 55
35
40

a5



in the preseo050¢47304dat al yst, wherein the catalyst—used+or—— t he

partial hydrogenation conprises (a) ir based on
iron or mxtures thereof and 10 (b) fromumwmﬂl&mﬁg’ ﬂei ght, based
LS

on (a), of a pronoter based @§ 2, 3, 4~orc T8¢l ected from
t he group con- sisting of alum num silicon,-zirconium titanium
and va- nadi um and 15 (c) fromO to 5% by wei ght, based

on (a), of aYeofpdHhY based on an alkali netal or alkaline earth
nmet al . 2. A process as clainmed in claiml1, wherein an iron oxide or 20

m xtures of ilronRoprdesss sfcanprepaxirgs aldppatinl dipbedonega-amino nitniles
3. A process asbyl paieihl hydragehdtivn of whepiRdiicd appRapdm¥ga-dinitrikaed
on al um num sil 'ﬁoehér&é@%ﬁl' Uﬁ‘é%a@m&gife%h&%ln te cdty3tCa8edStor

clainmed in any of_. ¢l catal yst “is a supported
catal yst. h% gr%%éa;ls d§° ¥\Qa cuaﬁn Sclaims 1 to 3, wherein the

30 cat al yst i's an unsupported cat aI yst 6. A process as clained in
any of clainms 1 t(@)5irehep®is cpmppund based opj L¥eR ©F Pixkprey dthereof and
dinitril e, d;and 6-am nocapronitrile is obt ai ned. 35 7. A process

as clainmed in anybyf febii 0501 o058 bprwdiyhtsi Bukéd-on (a), oﬂeott&omoter
preparation of 6-am %QE@BF&{“'} 3 lgeopngl émm%% Yo fi& from tihk Qﬁ’oﬁs con-
starting from adi ponlstlr ££§ eé’f fa{%mlnum, ]Qlﬁ%r at a:'. cy %gleng#:an u?n and. va-

adiponitrile in the presen g mxture

conpri sing 6-ani nocaffghp® and trile, hexarret hyI enedi ani ne and

adi ponitri}¥® and (2) renmoval of 6-am nocapronitrile and
hexanet hyl enedi arnicye £4bm 0 to 5% byoweidiet nbasedeon (a),8ofAapcomamdabased

claimed in claim7, yaeafi MkdldMmetll 6 aiX¥nbje earth R@28147304
16 wei ght of an acid or an acidic ion exchanger, based on adi po-
nitrile, are dd d to the Egnﬁlnlng f ssentl conpri ses

h
adi ponitri]e, za PRE°GTT aloni TR e | r?‘d‘meg eLn an %/%oep °Xl tr8" 5
9. A proce® as SHAEHESS 4 draPnprides g me%@rerfl (% CqEPRAN based on

iron.

3. A process as claimed in claim 1 or 2, wherein a promoter
based on aluminum, silicon and vanadium is employed.

4. A process as claimed in any of claims 1 to 3, wherein the
catalyst is a supported catalyst.

5. A process as claimed in any of claims 1 to 3, wherein the
30 catalyst is an unsupported catalyst.

6. A process as claimed in any of claims 1 to 5, wherein adipo-
nitrile is employed as dinitrile, and 6-aminocapronitrile is
obtained.

7. A process as claimed in any of claims 1 to 6 for the simulta-
neous preparation of 6-aminocapronitrile and hexamethylene-
diamine starting from adiponitrile by

40 (1) partial hydrogenation of adiponitrile in the presence of
a catalyst to obtain a mixture comprising 6-aminocaproni-

trile, hexamethylenediamine and adiponitrile and

(2) removal of 6-aminocapronitrile and hexamethylenediamine
45 from the mixture.

8. A process as claimed in claim 7, wherein from 0.01 to 10% by



trile-is remo@si0/47304he m xture by distillafyj aci d whose
boiling paint is above the boiling point of aﬂlll“l“lﬂﬂ"ﬂﬂll””“ | e under the
pressute chosen for the distillation is 10 *enpl oye s =10. A process
as claimed in any of claims 7 to 9, wherggg n an acid with a pKlerr]

not exceeding 10 v%%ieq%fépla?y&qa ijdgr?llanpaé’{ﬁ%eiﬁnaéx taglrd&d bls @ Yor hathaL M8

7 to 10, wherein . adl Itrj] e obtained a t.A rocess .1.S

enpl oyed anew f or®terile, ?ﬁ%fg‘_*‘%ﬂ f’gnt s PAdfAPa PO dﬁhlcg Sssentially

6- ani nocapr oni t r i fERFASeRed@ipronitrile ppang [ thee aRARPIHELilgr L5 NEEMQVR® from

adi ponitrile. 20tHemixktprecess as clainmed in any of clains 1 to 11,

wherei n thes hydrogenation is carried out in a suspension. 13. A -

process as clqi meg dripcal¥ 85 SlAnkdB Int@rdiln 7aer 8 Neldi@in the adiponi-
hydrogenation is &A1 qg 9&&0&4&i%r%hxgﬁgtﬁ%&ﬂﬁggcggrdié%&llatiogp and an35

40 45 . ‘qs . . . q s . .
acid whose boiling point is above the boiling point of adipo-
nitrile under the pressure chosen for the distillation is

10 employed.

10. A process as claimed in any of claims 7 to 9, wherein an acid
with a pK, not exceeding 10 is employed.

15 11. A process as claimed in any of claims 7 to 10, wherein the
adiponitrile obtained after the process is employed anew for
the simultaneous preparation of 6-aminocapronitrile and hexa-

methylenediamine starting from adiponitrile.

20 12. A process as claimed in any of claims 1 to 11, wherein the
hydrogenation is carried out in a suspension.

13. A process as claimed in any of claims 1 to 11, wherein the
hydrogenation is carried out in a fixed bed reactor.
25
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