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The present pbpU#aBsda relates to a material usef corrprr si ng
.(a) iron or a conpound based on iron or m xtures mmwm’mm]( b) from 0.001
to 0.3% by weight based on (a) of a pronoter based on or 5 elenents
selected fromthe group consi str ng of alum num sili c{fﬁ' zi rconi um

titani umand vanadium 15 (c) fromO to 0.3% by n (a) of a
conpound baBedregenasignkegta / or al kal i ne eartmﬂuﬂmm"mmmm"& so (d) from
0.001 to 0.3% by weight based on (a) of manganese. 20.5ij6. Present invention
further rel gpesigicapionesses for hydrogenation of aliphatic al pha,
onega-dingtriles in the presence of such materials as catalyst and to the
use of such t. y i t al pha,
onega- di ni tcrnilim s%b% ?ﬁv&@naony %ﬁ&@ié e R ﬂ&?&?ﬂﬁ q%%fgfl 8Ll Phahig .

Vi sser nel /ﬁ?'ﬁ%"lq%ust rielle Organr sche Cheni e, VerI ag Chem e, third
edition, 1988, page 266, and wo- A-96/ 20166 to hydrogenate adi ponitrile in
t he pr esenceapf izonooyi @ oonpoundd jlaspress uimrc ordmikoumse O vwherdof,
predonminagtly iron catalysts to form 6- am nocapronitrile and/or

hexanet hyl epg ? LS. ot €8 &I Ryt Bel JROTE A bR g&g“éjﬂ Y %%oRQEezt Wased

manuf acture o s _such as ‘nylof- n | 0

requirenents fo g%’ g" i (raon cgt a]?ystnssl ﬁ%fec %nr%é " %hénegcrr?alﬁ’l ng’sjﬁtrlenﬁgt h, a
long time on stf aﬁﬁu"&nﬁf“ghs’sb’aﬁf’é"t PRECOREIMY Gf Phé“‘br%é’taé‘aﬁr-“’%l ue,

al pha, onega-aminonitrile and/or al pha, onega-di am ne, coupled with

conpl et e 18l pbp, foomeda-tai NL 8% ibye wedgher based amd (a) vef ya lasmpoeué| bafedimnant ed

by- products. 40afhes@1ynvaared dkapiaduedstramachl Nn@sh id1searyi ng anounts,
dependi ng on the cat aI yst, and are difficult to separate fromthe desired

amnonitril n/or d stan eh rogenation of
adi ponitril Zd?og Wngngdﬁ ebgmﬁ)roatfuc%egn gﬂ/l m&&é% es of,
inter alia, tetrahydroazepl ne (THA) 1- am no- 2- cyanocycl opent ene ul s~
| UUC 0050D4883@@s(em©cp9we12tiam ﬁeﬁbbWIW@lteseh@ ypradesses ARIPA) |

1, 2- di am noayétedeneaien(&CH)1iphdthe sakplayebhpberdinitamiles {(BHMEA). US-A 3
696 153 dis ptosécd lbat s%ﬁ%t@ﬂa@@iar&t\éewtdaﬁdltcaJltthet gsseparsaleq from

hexamet hyl eﬂggép{glge egiga%)i%/atl 3519 he @g}lg&gﬁa { orfMF 11?%%9@%]_%

necessitate gre{'x N stil atron vvhrc Isre
consi der abl 8"¢EPTTA ®®hergy costs. US-A-4,282, 381, colum 2, Table 1,

di scl ose£3t hat the 10 hydrogenation of adiponitri I e to hexanet hyI enedi am ne

in the pres&hcts cfommophy cknennys for pgxamRitudeom; e Egsexmed /BrPewer age from

2400 t o 4000ngystmifelle20dyamisvhey Chehixaver 1agodhenit,t ¢h308 ¢xpimioh,

2- am nomet hybeyclmpentyb arade wol-noss 2061 460 308y @psaafatiechiapysitadaepine and

from 2000 t@hé%%d%%botaf InrsrAl Hﬁaélpr& it bklegsuEE Rnd1428ng Lhed Scl 0ses

in Exanplyg v\ér&%&ﬁm ngg &9%% h th td oggnkt&’n r?ctda[ﬁrrb @tp{féea’h%‘?o?f five
130 I N nt.o

times the SRS YL T DB SEPAT AT LAVEFRet e

reactor) or ﬁ?m??tg’rh

catal yst pr ébarwqfra@ﬁdlﬁﬁg?fetﬂqléfaﬁ}d?%oﬁ}&h 8f W%‘Pf"tﬁ/d'rnégéhl‘a‘mﬁ r(foped with

al um num oxi de, silicon dioxide, calciumoxide and vanadi um pent oxi de

yi el ds 98. 22fipeftdiax aegt byémutadi &6k NGosd Mons bagalPdty Apalade high

;dlng'n?[“rz:glowéhé’rghﬁ?ﬂnr%te:réﬁétﬁ n a%i?HB' €irde uaaggman hyadrhq ”@bb@é‘-t%ﬁneOf om 93
gi {Je nc%: e g?&&@?&f of ¥E14d m’a thQ &éﬁé ZEEHP%‘QG%%’

to 98C | t | et
tgrrper ag IuPe BRR+ %{?%Pr Shmﬁ’aﬂeal yorP ?% cf’F‘Bﬂ?‘T'_%tﬁqf henatite ore ©

(Fe203) by P@E%ﬂ%tﬁ%ﬂ ?Wetﬁéﬁnaﬁ o%ri’éd'yvml?‘?’i HVRH REnPBY¥RRed silicon
di oxi de andbgepxredusitgm oxi de yi el ds 98. 05% of hexanet hyl enedi am ne
conpri si g 3500 ppm of 1, 2-diam nocycl ohexane. It is an object of the

present i nVeRksONAWAnREQVH S RIRERESESe f AIrm2WdE QORNA} YD 2RbRRES ,
omega- d'n'tEEbgﬁdﬁda d%otﬂepgﬁkalyst, and are difficult to separate from the
desired aminonitrile and/or diamine product.

45 For instance, the hydrogenation of adiponitrile to
hexamethylenediamine by-produces varying quantities of, inter
alia, tetrahydroazepine (THA), l-amino-2-cyanocyclopentene
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35 onega- argoswy4883®es (I1) and/ or al pha, omega-diamines (l111) in the
presence of a catalyst and al so catal ysts w thout the di sadvant ages
-mentioned and with the capability of enabling the hydrogenation of alpha,
onega-dinitriles to be carried out wth hi gh selectivity in a technically

simpl e and n stream of the catalyst.
We have fodﬁ%gg ﬁat tﬂnlglmﬁ?{é%ﬁg\'ﬂo;’%%g\% (tﬁggﬁ‘éferl als defined at the
begi nni ng, lKedprBERRIYIONERRRE aPGHe B8 Hf%/‘?‘]ﬁ"m& YLeREYSA™BLi ned at the
begi nni ng. (BBEMTADOSIH-4E83696 15D CSEIErlOE@@Ztl‘@tTMCR&t and NGH @ret Wery nventi on
pr ef er abl y dixfecal BEb sephtate afrem hlexbhmnethyildnediGmifé g, Netabayalapgs e

\60|1UEE ofg faﬁt{&ﬁh@soéftzﬁ&g@;\z ﬁéﬁgandifi'ﬂﬁvﬁééé@s:ﬁﬁrt@ di grederaeall beom 0. ?3 to50
un an N. I’ e rom
1o 5 70% f?inwlﬂa%% whi BT PEINE LU Al ab 1 chleiR) 2R0C L1EM e

wei ght %ag&ReFAY( ?s%ﬁe based on the oxi des of the alkali and al kaline
earth netals. These percentages are based on conponent 10 (a). In preferred
catal yst pruisear$o2&2, 3dnpontwin (Z) Tebder 1 sedisolose§Othar 10@% by wei ght,
preferably Hydesy8rat O3 Bidin iHiilebas eheinethylenédidntimeoindele iron
hydr oxi des,;desQRcO XYM HTAX EJES1 it sl ByUb¥bai s tllaeeeOéhfr&J QVEPEGe | ol Ven

o usi ng SYYReSEZeghPehabr 21, %&uh%ﬁgemeox 1dg 88 Rygrgy des or

h e, which
: Lo?hgx?/dgaﬂ Oéag’én&%{% 88% ‘P i 8I0§‘UF3. G}@l/’ ?ge at omi ¢ '

rati o of oXPFEALYErPazAPing pn@f%ﬁ%lzyow i AnerPraffe 20 from1.25 . 1 to
1.45 . 115 pﬁr—einenadaagmnnthmhethe range from1.3 . 1to 1.4 . 1, particularly
preferably equal to 1.33 . 1, i.e., pure magnetite. |If nagnetite is

synt hesi zegy 'At '§2§)%%' BhScidsed an E&Eﬂﬁié/elr %hae Qﬂéeh hb€ibk QE Or
from very Buigehi 0(1d ) cOBOTElR Adler e LoUbLL) - fO P el gl Gl L Ne

dopi ng eIenenPg abl'é conmpaunds.
Pr ef erence 3%s FBF‘t%rmglg\?e% (tld‘eigét e g?ra;ﬁ“é'éuﬁ'g'&? sth&, r\ﬁﬁFEHrécf’rc@r’fpéﬁgﬂt

(b) conpQ s tor 0470, 00Btiet -ETRPEFTIES by IivVerpRrRf EF@b|SR tRAYAT (PTEPAT6490. 2% by
wei ght, espeomahbyndtiom OyOtedwstOiondwiyhweydprgenoand gomatbwathbabedinom 2,

3, 4 or 5, quigker ablitch dioRidd, cledeft sxidkl andedahidian tpengbﬁmne

consi sting elaguga R ofl ﬁEQ&héEHyl%hlehE%né IdoRBE U AN 90N BE

especi al l'y t e g‘glc&u;_g)tcrl?;le AMTLER S Ilzcg_g @n é %ggg {oq_j erence

is further |ven recursors | ch conp nprlses
from 0 2 GIaoRbRORES M*F%r%rm%fnﬁﬁoﬂ? 0 EmeE SRy
parti cul ar |3fmepéserta 13‘me Pénto. VLTt bivlemstemppyatiyg Hntoothe ?ﬁﬁ?ﬁ'@a‘hdobased
on an al kalat droml Xaltnd 040 t(rurdes| tenparitade) rorer ey gronpecgioriyisst i ng of
lithium sqdieparedof B LabYradobdi hna®iteestelMFeognasi wadasdiem waithm
preferably ({tfyalretgam &m/&bemmm%lﬁﬁm PR/ 488380n 4 {dxdaeFEn@002 The
mat eri al g gﬁg' f‘cﬂet 89”% 'o%% %FOH&? artlgn;§lg% ng'c%bnﬁﬁ er ab' y
rom 9

from 0. 001 lto Y% by~ wel
nmanganese. %?hg B9 aI]y glﬁ?‘ 19 evlr? %P%n can be supported or unsupported
catal ysts. Exanpl es of possible support nmaterials are porous oxides such as
al umi num oXitdds 8h|okinfFtdbxtie presgatsinyenttion tpaprowifdenparreeses ficani um
di oxi de, zihycrogenatirgxiadeha regmem-dindxrilkes ziInctoxaligha,and zeolites and

al so act 3y anRgaCanddhi®riils N X Y% /bbesBgia, Bﬂn@@af-@iérﬂméss(gfﬂ rfﬂ Ly
ef fect ed bytn%r g%é’éﬂﬁé 'J}gaoggt%% %%dpsfg&réackrai chsCxS’

Coai Toq v Hshabadlaced gkt 3k 8&?5” LEL SpIgots Sy & e %)’%aé}bence of

support nmatFaPEntHiendi AgPoH vﬂﬂe@ﬁ“ BARLTYSteSt FRePE scAEsieeyt Y¥tRiesi red
pr ocessi ng higd Péémﬂvﬁgﬁ)’canaﬁmcmé&ixofﬁlmmteoaeﬁt eceRAmisadr meRgRt S|
drying a4ml wikdnacabng riimg. oSugtedredfc ahal ystalyatre general ly al so

obt ai nabl e by saturating the support with a 20 solution of conponents (a),

(b), (d) ang iy vgeféxlr‘r“dj tﬁu%)c this R85 tp9§55$}lfevfeﬁ Qvgdtﬁé‘%a!t@ ¥4 dual

COTPOTET S e hheh®RE i Eedinbind o ire Brefass gatinsh &Y hk beBiSRIS NS

25 Sui t abl e“g?r &08r 438 SafonelorpohPeILaF 1% e general Iy readily
wat er-sof®bl e salts of iron such as nitrates, chlorides, acetates, fornmates
and sul fates, preferably nitrates. -



. )

Sui t abl e pregsscossg8ier conponents (b) and (d) are generally 30 reagi% §EF 2002
wat er-sol ubl e salts or conpl exes of the aforenentioned netals and

-sem netals such as nitrates, chlorides, acetates, formates and sul f ates,

preferably nitrates. Swtabl e precursogs for conponents (c) are generally

readily 35 ter-solu ts.of the afor one aIk netal s and

al kal i ne ea"\{l(%l “Wéfﬁf‘?;f)%tﬁfi%a‘g ﬁ?ﬁ?%%&od’egreggf%% a?’gse ?éatseug:faagﬁl B Fes,
acetates, fOF fECBs3abRl iMP4fes? tRtERePIEE yV PRI LFdE §°’& %®atBonat es. 40
Preci pi t at i &2 im&:/genan aAveragef eersedﬂnfw#ﬁaqeéot@ns&l 98i bas0 - sameantivel y by
addi ng preco i abi 0gl reageires yobyme Eagitignt wictipit ahebyandaniriomg 50 heo

t enper at ugejggllhe catal yst prematerial thus obtained is customarily dried at
a 45 tenperature generally within the range from80 to 1500 preferably

-within the ran 0,48 39028~~ 20 CaIC|n IS
Cust onr 1 |y FESERE WO5F dBn{E) ot d ) PAEHI! o ghe Plehere

preferably %Jt‘mtn pges rihd&)f A58 BIRPD FR45BE, OXifes GasthRe rakkAldf aafir or
nitrogen. al&aldnecedrtimimeralsheThegealppsrentages dreobaaedcen icomgenentl | y
exposed 10 gay.educi ng atnosphere ("activation"), for exanple by exposing it
at a tenmperature within the range from 200 to 500C, preferably within the

range from 250, 0 400C dcgtoalg,smg;g §rsmoa. St (ag SpEl Y

$
Withi 0 the TEA90% Py roieE HREREERBLYTAEOPOR kP HS P
this is pref®raffyisep exisies,| irep Wr@atlﬁﬁstlw O ¥ RY PRg to DE 24

29 293 (pageixturesnthereqfo P2eferengsaiispbgiven am/amlageamthasia@d armonia to
t he acti vathadyhdagdyogesurrAthvanegamtisies, theén atgdrnextides ef idem catal yst is
carried Outo@r{ya%kydw thRhS YOt DS teaftAt it NpRetBl SbGH HaQNBEL LY,

obvi ates an,o fil‘[ ﬁ\é" 2fe @&e%ﬁb%ﬂe g&rﬁh{?ﬁb@&iﬁﬁéf%s:ﬂgwhg

i Thi n the gﬁh@étﬁ@ﬁ%%%tvfor

paSS|vat| on_o {UI’GS SUC?’I as air

at a tenper'%ﬁeuraé?%i:cﬁa’i’so 85596%?’? 5P \fmrf’ﬁl hst?fée{eé'%‘ EYfY’o"rﬁ’é’otPS BBege
pref er abRY fHamiln2bhe ¥ &ivyd -fPom D5 REGESEEPINHEL WD Fhei BTt £5a8si vat ed
catal ysts i5.31hen poefefablly partiouandy prefémalslpnelguel ste dadBor Ln a
hydr ogen- con .i,Sipige 2hagtidvitehere at a tenperature within the range from
180 to 500C, preferably within the range from 200 to 350C. The catal ysts

can be used 1% ;é%gtgs% %ﬁf&@hgﬁéela,n 4PELOBO AL dild bl EcdDile:Rh 98y

suspen5| cat a n rocess. of the
present v%‘hrﬁ %l%ﬁr;ﬂﬁ‘af’h ﬁ?rbh‘% YoRBHS- ’oﬁ?ﬂ&& |ggm%?ur}<ff a&@i%? al
formula | 35FNGITEMHFOURNNASWHEP WHiGHs thE APRERRECIEMSAEY 1%P Fe9®dspeci al | y
2, 3, 4, 5 subs@qupPatiycid dihley fprefefd rsad tebhpoteriroundste succinonitril e,
gI utaronitril e, adiponitrile, pinelonitrile and suberonitrile, 40 nost
preferably gelifoehtei 1€ fd?&mbkcyi\?én RIcCcaE8 ¢St | freduy8Brs Oidisinignal pha,

onega- di abtiaap%%gﬁpt%p% gxgr rbafobentanotﬂe r@é? reEQ9§19f59rU5

catal ysts o I en aving [o 45 “such
as adi poni t¥59 ag%l é)l on ‘gh ocy aﬁ)l c " 1 a{o QS 1i‘;\ne0 Vﬁcﬁ ¥0/ 48839 ~

~2 ~~~ 6 o‘t’eléﬁhﬁenf’én%rﬁ”’tqnlqt@rlh $9fb ofiﬁ'ésef‘\ce (oing 'CPEFf%atﬂé’nﬁouﬁd%rand
triaryl phobptfile@ents seleatedaironee Groppr forSistdpIcofpriwminumaces of
phosphor us SHimwmponndsilicanmn aboemivin tand50apadiun,cespreiably piheshor us and
based onisl @iinafeeA- 6 N fuminem, REIM\YoRg ahBeseegiliQwphor us conpounds in
whol e or in part to obtain weight fractions of phosphorus corrpound of less

than 5 ppm o pralerap! ve | 8ol gl&em@ STRE b R L R L2 T

catal yst tines on ion and in

the use of THEPIARPEN(FbrF RREISFa F1 O £o 0.3% by weight, breferably from
0.01 to 0.2% by weight, partlcularly preferably from 0.01 to 0.1%

40 by weight, of a compound based on an alkali or alkaline earth
metal selected from the group consisting of lithium, sodium,
potassium, rubidium, cesium, magnesium and calcium, preferably
calcium and/or magnesium.

45



To reduce tbe50£48839fraction of phosphorus conpound in the m xtur@ 23R 02082
conventional processes, such as precipitation, 15 preferably extraction,
treatnent with a base such as sodi um hydroxi de sol uti on or potassium

hydr oxi de sol ution, adsorption or chengsorption, especially on a netal such

p o o el t%%a‘iéyop &ﬁ@th,foCH tsc#nbtﬂéoﬂ i obf | o SANHhyAeT alt on.

Particul ar preferen eat men rnitrile
with metal ‘E%Jsee'oprﬁﬁ%r%ﬁ%ﬁf B 0% 9 HeSBabY MRS GPERTLY ERE®

| ant hani des0 ehld t6f Og?bup¥ waighs, ¢f WWQFPF b of the periodic table,
e.g., calciumoxide. The distillation can advantageously be carried out at
a pressurs Pe Jathlostd ¢ tHeO iAbantidqi hagr Bol Jusorie@nod CutsupHddtebar, in
whi ch case w@al%lteontiwfeé %fuwaéimeo%sbaeé mecManbeare WAdet . since

‘the_phosphofiis, Corpayngs ﬁﬁlmegﬁiﬁ | eshG85 WOl alidee Lo ;;gua%@ Lrile.

30 The process [ ese I'nvent) on can ove eécrlbed
dinitriles FARPARIENGRIIE x CARIYE S19K e ab ffﬂmt 2851 o AsHeP Lim

sol vent, too%li azisfeeniday modi se@l@@%ﬁnﬂhelmmwateﬁm@qm 0z5
NC- ( CHZ) mo Ghi2ethit2s| thehes®. n i s as defined above. Particularly preferred
amnonitriles Il are those in which nis 2, 3, 4, 5 or 6, especially 4,

l.e., 4-am 99&&&1%‘&%8}1%% '%ene%a@l?”éf‘f&et@daP?”gi:ééigﬁta%‘jlng one or more

1, 6-am nohexanenlstr f | g ggg trile agelk {Ept aneni tr| | e and
1) 8 am nooc HECFPI B FeRENsSy [thoth cBafe o%agﬁgit P ilggrs
reaction i sOf ATIMOEEHUFOTRPRERESehR] onfd) BBt & with precuyggors of

cust onar Apycerpanenss Wbmfwtthﬁ!l arewqemgeabﬁemelcpft GUPBOL: materdpdBly from
Wi t hi n t he- (demndingnobOviiichl @@€al psir tiypel ds| gepimfdyr, albf ydésioradn t hi n t he
range from gfbdeds386 tHderesuiR3044885 A yst0pReSufbat0QALBr 8x€tiduties general ly

chosen fro émltévasn a?glﬁ@% fham 8ai¢qn%§xg'vb§u ;ssﬁée%r eQL 1 gema\eaet hin the

rangefro rti.cular T mvmt e range from
4 to 9 a. aigé'wg ’ia&é‘a}’z e%% Jr‘lat ?&n%e‘%’e 3@RP°5 Ylht Jesi red
yield, 5 Qeﬁ%%‘ﬁl\ﬂnt 9t aFRMRINERGHY 2 Bi okPlirs 9 rT?J‘I“ét‘e'é deRereLsitendé PPLRI may
custonari | ypossidlestn add ahet dndbydualneemponeyte|simud tanapisiye oohler si on,
for exanpl estli¢arBsdionhi or the spragénd ridm sompon@nts njan,, pPbef erdyblapndf L6m

wi thin the gagged geltjn dRcd &he0Bupbdirt L BheohveRERMaNmRKAGESS sol vent is
preferably selecte rom anmoni a, am nes, diamnes and triam nes having

from1l t n atons_such_as trinet e,.trieth m.n
tri propy?an’? %q' § Pt i fﬁ’é %cr’mgg%cg’%}ol ZLS‘ az)e aegFF§iﬁ% Ihe‘-"ﬁid'llyand
et hanol | anﬂa?esr'ﬁ'&lflpa:ﬁl Itp GfefEPRLTYF Aot 2 R GPHPTT9S%

concentr at | ePEtEFESs aavmatery @ddsEyl Eafefen PrRERT IR Ihind trAB®$ ange from 10 to
90% by weight, preferably fromwthin the range from30 to 80% by wei ght,
parti cul arl supiatfler pbeyuddranpstt bompddentsange aidndd0akre d&Reduniwei ght,
based onsbhgesdinmyt Qhebr 0dodivliet Ehl €5 AW RbYERESs @ptﬁeeamwgm%neat al yst

|5, 9ener al |y e etas 0 il ﬂesﬁgﬁaés/h;@u@e;'t ik Pkl g Jeange from
pased on t hESHATH 2BF HE 143451 CPEEESFAElS PAEFStRAon Lnation ¢

?ﬁ& t—Sensi on hydr ogenation can
be carried out batchw se or, preferably, continuously, generally in the

l'i quid phas%uiﬂa‘bé—ehydeevgesms dorcapmpdrentise (Carafe geperably creddidyor

conti nuogs| yater-soflukeed HElts @dCthe dfvremenkioned dlalevinetdis Idawi th a

st Iral lght tpaﬁiikﬂrm‘é’ teaieﬁqéé&uﬁr @,9&?@ dd Gy drBE‘ﬂGéQh ceddBnhtes 5 rﬁHﬁ:ﬁQEﬁﬁy ]Eo
sel ect a tegpgs r.e [ ange I rom
within the ra f rém é%g%é@ Oégr{n de% pr esssé?g%ggée)né?g%ggg?lr}g%?ﬂ%% A,(? he
range of frdWt Z¥E°R8RPa, preferably fromwithin the range from3 to 30
Moa. The 35 hydrogenation is preferably carried out in the presence of a
sol vent , 4fr Bfegighiltptannohs generphdy , eftiientiede framcaqueioasi aetytimsi,ng from 1
to 6 car bonseledtsvedyChy asddimgnprbyl pidatdngt re&ddvtisgnbyechartidiiOpeapr ne

and tributybamy@hadliay CHlcempehiabl y net hanol and ethanol,
particularly preferably ammonia. 40 In a preferred enbodi nent, the ammoni a

content is th| he range fra r.ef er abl n, t.he range
from o o ot abalgss, Sitardoh phis ebedipPACLe (Bcbmits [y \4xy3 RROET
this enb8di ﬁ%‘?‘&era“@éf?aﬂ?%?r%lﬁé(cglﬁé%%cﬁ@r\ﬁ:ﬁEEhfIF%“ ot ﬁPnI?‘h@'r ange from
0.1 to 2.0 kyefeuabfler whtlimithe manbe from@0f koniZ0°8.to 1.0 45 kg, of

adi ponitrile/L x h. Here, too, the residence tine can be varied to adjust
the conversion is a specific manner. 0050/ 48839 0 2 SEA 2002 8 The

hydr ogenati on can be carried out in a customary hydrogenation reactor. The
ratio of amnonitriles (Il) to diamnes (II1l1) can be controlled through
specific choice of tenperature and catal yst 5 space velocity. - The

hydr ogenati on of adiponitrile as al pha, onega-dinitrile affords a m xture
whi ch, as weII as the sol vent very predom nantly corrprl ses

~ e o o, T 1 T L L e T



20 The prowosoofsg3®e i nventi on can hydrogenate the above-descri beeg 2 SEP 2002
dinitriles | by nmeans of a catalyst, preferably in the presence of a
.solvent, to al pha, omega-di am nes of the general formula IIl 25
HyN-CHZ- (CH2) n-CHy-NHZ |11 where n is &s defined above. Particularly

preferred digmneg, |14 %fhg%ﬂé'é‘rf@& BBl ¢ ?egpg;:mé Py gRpeci ally
560

4, i. g nobut ane. nohexane
(" hexanet hy’-laé‘ﬁédfﬁﬂ’f‘ med) to1 5§ ﬁrﬁggﬁ‘%}?%é’l&ﬁanf FaFen b5 at®® HPost

preferably 4§06Cduzermm®ﬁéxah%eam f°ft B&IreE}tPIeB-carri ed out in suspension,
the tenperature will be customarily selected fromw thin the range from 60

to 35 2004 afeeel 8880 idg,0he éé‘&ﬂ}lsl%eméeéﬁfhlf [dPPalfed Oisl G¥merpalyi cul arly
pr ef er abl yeff\ﬁ%ghw £$"é‘ féa%c&aggaﬁaswezg éé%u}ﬂe rféélér &; era' ly

_chosen from J % 2. g a}? [0 t he
range fromS¥PP§+39 Npaa Ba Ff“%?ﬁ%“r‘i YV Br ?‘é?afbi/rﬁ‘Sﬁ tﬁg é from
4 to 20 I\/paPreéGr?H%Y rEidihdenthe (Fanpos £TaBs2h) |t Iwoo%pér?dénf‘%ﬁmﬁfé desired
yi el d and sdimesphere ox fa geaveixtune icompohping dydrhger exndianc dnertegamy
cust onarid \sue® abosttre@enafot Oa Oidricd waxhimnehe eladgat £fxem ebe2gonver si on,
for exanpl e,dur@m t\hé mﬂu&.ﬁehsaﬂg,e dpake 5@1&@1%9(}0@ EhiPr & ¢ralb¥abipm

within the 2rozénge e Le gQQaig g%?y ol ,? /48839 0 2 S~~' 2002 The

suspensi on proce s solvent i s pr ected from anmoni a, am nes,

di ami nes and triamnes having from1l to 6 carbon _atons_such as

trimet hyl arﬁ%@:rdf-wsewﬁfaﬁﬂn29 233 JP3g§ Ami hneind tPi bt yiidnicae Be

al cohol s15 esiveoragequsigtchaddl ammenis kenthe agrivatisgphydfagenarly preferably
anmoni a. The dinitrile concentration is advantageously chosen fromwthin

the range fAanlgéOufiP) RheVEEtiat BnCHET Sk kaftraQSnsW mdh:trhedr gge from

30 to 80% t t bl from 40
to 78% by %r‘@%ltg :Ln R’%{e 's??%ﬂé%%smWe%E@FQ Q/l O% e an sol Egnge 1(r)o'|n'1he

tri
amount of CHVAPYES ?% é?’é??yn%‘?ﬁ?@ﬁ'ysbnﬁﬂ?e IREY c8ESR y PTG IENENEy i s
within t2R naéﬁgéaﬂ@mOF tde58us fACBYgReans ref WHBF?‘%‘%W%W RéXEwFRfe from
5 to 20% bysuwhi ght aibased cempématareumhich i mustemerikedith3nThie

suspensi on fuHgeogesmtimroC80°d)e pratet &6l Puli thahCNé Sandle, fpoef2s ald v,

cont i nuous| 35ec gORES aldeY vhPidd®d | qgs%&iv&%atzhﬁsby%ogﬁeﬁt bPEs&Ab1Y SO be
o o o NS B A LS L
case it W%ﬁ/ a0 asé?FgE?r Egt‘frfrrﬁ'éanfﬁr%]Pef FEOGi %ﬂ?’% 180 Palﬁg rom 70
to 200C, prRIEECABPYY fHighini the ranae £&RBe29? dh 86%t% 150C, and a pressure
generally fromw thin the range of from2 to 40 25 Mpa, preferably from
within the Thengetalpsms3 dan B hf=d aBhdibydrivgbratiadpsts jr efplabl yrcarried

out in the yiexeBCRod o 96l ¥eshendiicRf endllysmoni a, ami nes, diam nes and
triamnegg having from1l to 6 carbon atons, such as trinet hyI am ne,

triethylam [ nm_n nd tri.butyl am ne, or _al cohol e preferably
met hanol Tg' e %a}r:lg xg)c'P)(“aa%teng?‘ 3ed %webﬁ’r“éss Lh? rPré gf erred

embodi ment VRSt ARROH a&r}ﬁf‘é'ﬁ{'c %l%at'hf’ﬂe?ﬁed’r%’iéél??o?ﬁ 1“"(909?8353
preferably SRTTHLA The range from2 to 6 g, per gramof adiponitrile.
Preference is given to using in this enbodi nent a catal yst space velocity
which is3sMmthin the range 35 fnuo@ul)jan. 0 kg, prefetably within the
range fromO0.3 to 1.5 kg, of adiponitrile/L x h. Here, too, the residence

tinme can b%he%rl gd ;oaﬁan t%é %h ro%oqv%rsgﬁbr%%y%ﬁggigg ‘hc:1 ngnn

hydr ogenat i on ¢an carti I'h"aCcu i onf SOOFeact or.
The hydr ogdfrfiGH: 6? %cﬁrﬁGﬁFF??I@%“&Pﬁhé Eﬁ@g‘&c&f’ﬂ‘i"c'ﬁ“ﬂ@'affor ds a

m xt ure whighetagsnieriles adhpontnidier, PiBelopitaddni ARt syPeroRpErbbe,
hexanet h40 emedti amefierahity (akhpaxyltndleude 45 especially 6-am nocapronitrile,
hexanet hyl enei m ne, 0050/ 48839 10 o z ~E~ 200z

U SRS b e e
X. a \

hexanet hyl ene am n r,eno is in general
pref er ablg’ G é{tsga ay §E-P ?at?’?ﬁ?a' iene having two carbon atoms fewer,
4

such as adiponitrile by addition of hydrocyanic acid to butadiene
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conpounds for producing nylon-6,6 and/or 10 nylon-6. In the Exanpl es

-adi ponitrilel5 ACN= 6-am nocapronitril eHVD- hexanet hyl enedi am neDCH

1, 2-di am nocycl ohexaneAI\/CPA— 2 am noneghyl cycl opentyl am neBHI\/rI'A-

bi shexanet h etriamne am no cyanoc neT

tetrahydroa g e‘? (aelwneﬁexrzalr%e lnI gﬁ%l resen%heggn’g ke |lc(§l arnedq natnﬁe tabl e
wer e obt ai nEHlWIqQQHFP’E’a‘E‘?SVe 25 gas chr omat ography Exanpl e 1 a) Catal yst
preparation 30 The catal yst was prepared by heating a magnetite ore-under
ni trogen atsd&@)@Ipha;, smegdralinitrIhes megnebmpeise ccnaced bAdphdepHorhkow ng
conmposi ti anor&?c%nla‘é wetahitaputFe, +8. 5%y %bﬂ&ﬁed)fasAﬂaththﬁ% Rwawei ght of

Ca, 0004% Bn&’P’o Ocﬁfﬂti’\fieg.h ﬁévﬁfx Fnesd- B AR ght of Ti,
_gorlr?nﬁ)ng%/e\é\elﬁﬁ‘ﬁfgﬁ i e 'génanap 3EFS egﬁ‘tpgr?giwj‘ S 15 3

nm was sepaPRRsRioZYE 59“@&}’":9 &¥i hgss ‘FH'@“O)?l HP’B' o%&eoﬁeféplm%eﬁ%d:@e@d in an
HZ/ Nz streainepm,45@8e$ okt Tosisdbile. ta\frasec sbki hepaleatalyst obimeasewper at ur e
under ni toogereant bbtEtnedtial Lhe pAScERs Jfvahedinvdrdtiah BRAain tHer age 624

hours W th 4% GfhvankibRl &dn Fuefher care being taken to ensure that the
tenperature in the catal yst bed did not rise above 45C. 45 0050/ 48839 11

b) Hydrogenati on, of Hvh _an ~~~ 2002 Three serially
connect ed t'ﬁ%Lﬁeﬁ“cFeggNo"f%l otfé?cé’e t#ug?’%sﬂ’imﬂ’s- CETRAY et tg‘:‘icked with
142 nl (240Mftwte VAE1QRS aﬂ%ﬂé’ﬁnb‘lf’% tRTACEsErS e Fulyést PERTIRH-atdos, my)
pr epar edlacposfEmedlyceExmantiion] tyeagmentheithedrast ispch @90sddiumst r eam of
hydr ogen athydrmsjeesouties sur potdssiur hydndxidd esdlerpenatadsbrpasonaosed
fA ][?m 7?% t fcx%&(éo?be&o% e ad g Snvlas eguant sychalsd 18bn34PC for 72 hours.
er e r 0 e
;%?‘&c% g? é%%%%kl "‘@I&qlnfat&?oﬁ e n3c8 @@ﬁ%){c%q‘a\@l%no kg o

m xt ure of

I—%? d}/ sgac% Qci Ly

ADN/ L of ca arrxz. ar3BESIRYEARCSr 1R Sh P68 5P arifardeRFcE ?izté‘ﬁ 250 bar
No decr edQedimitgitlgl yith Aatiali PysamOoiher paliaki tad alkahivg eAstd MBERL.
Under the cormlid, ofsthecldrahanad@abingd |of gheups|ITTnangIfesdnid IM3rb 46

obt ai ned astie fgeribu@s ©dbld)e el gupetslidiug aRidé he catal yst space
vel ocity~(Table 1): 20 25 30 35 40 45 Hexanet hyl enedi am ne by

hydroge”at' %%%%%gﬁ% ISUQEEQ?JDJ C@é caidGa ¥ g& r

-H ; | Bcti Vit bar) T152500. 510
gggvgrloo mldjisragsgr gog o I\(SES é g-i a? 8%194411130
1) ACN sel e‘emn CFSESFRH A i@oRt BT ble v 5egally obtained as overnead

product, since the phosphorus compounds are essentially less
volatile than adiponitrile.

30 The process of the present invention can hydrogenate the
above-described dinitriles I by means of a catalyst, -preferably
in the presence of a solvent, to alpha, omega-aminonitriles of
the general formula II

35 NC-(CH;)pn-CHy-NH;, II

where n is as defined above. Particularly preferred aminonitriles
II are those in which n is 2, 3, 4, 5 or 6, especially 4, i.e.,
4-aminobutanenitrile, 1,5-aminopentanenitrile,

40 1,6-aminohexanenitrile (*“6-aminocapronitrile”),
1,7-aminoheptanenitrile and 1,8-aminooctanenitrile, most
preferably 6é-aminocapronitrile.

If the reaction is carried out in suspension, the temperature

45 will be customarily selected from within the range from 40 to
150°C, preferably from within the-range from 50 to 100°C,
particularly preferably from within the range from 60 to 90°C. The
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i on of al pha, onega-dinitriles in the 5 presence of a catalyst,
«whi ch conprises using a catal yst conprising a material conprising (a)
or a compound based on iron or mxturep thereof, 10 (b) from0.001 to

m nu nrum

I‘}&%‘%QHQQ {&) &Jer%élﬁgol o Q@Eﬁdwf’{h:?n %ﬁ £afbe e FeRLs
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i ron
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0.001 to 1%ney reeigénceasioe oa ¢sgerdfiafdpodemsaienz(of. the pesdaed nield.ai ned
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subsequent
clainms 110

In C

H4t wi t hout
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ction
or

passivation of a magnetite. 30 4. A process as clained in any of

arhg swhpers iora prooess esolventbas eprefierablyi aekectsd ifcom and

titani um i samipda, Samihdy,06eaMiNes @ndl KRfaminedhatling! ftorb 11 tbo64cayhar ei n
a pronoter 4t®msb§§ ﬁ'ﬂﬂﬂ\@%ﬁzﬂmﬁ&d/ QLi&ehFIdnkS HEEGropiRafind PiPCESS

as clainmed .in

Inaflxedttf(??:é ore aACE

al_ns

wher ei n thels4(§’aE§f~%'1”;&‘E1Y Prafey (FOFCBY2 cath YIPitElle, qRIGERsTaLion
clsiagyantagecuslyhchesen tiremaWprhin heyxanpai £¥9n 40 $oh§et Rienat ed
to an al phageighegapxiefariardy £5or\WENDED ShEEdange)@rom43833 BH¥ObyA process

as clai ned vweightdi Passicdlaen @i prdfradlpharo® RGAifl Bhé ltdyeligedmi 50 to

adi poni trilgys %yobéﬂbl{‘t heu3ERt 8y | & St 8Lal DL GindePIAC G 3816emLEd in
any of claims 1°to 7, wherein the al pha, onega-dinitrile is hydrogenated to

onega-amnonitrile. 11 rocess as clainmed in ¢laima1l0, vvhereln
T GROBAL (T GAtPLES oLt GeDe2aL b HI9oFe S Lt A cataly

6- am nocapra¥dntityeis orixhgmptheopange £R0@r bk $08s by| veF i praﬁ?r@?lstl ai s
1 to 11, wheirthin the mdrnyea fromedacali20itt byl weisad hasedbdraithed albpunt of
hydr ocyanatdgiitrRi1dSuddte presence of phosphorus catal ysts of an al pha,
onega-di ene having two carbon atons fewer.

in any o%5

an al pha
the al ph&?
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The suspension hydrogenation can be carried out batchwise or,
preferably, continuously, generally in the liquid phase.

The hydrogenation can also be carried out batchwise or
continuously in a fixed bed reactor in trickle or upflow mode
with a straight pass or with product recycling, in which case it
is customary to select a temperature from within the range from

34, igtghny e dhudeposuatiQnnbs, lfected

ai ned

20 to 150°C, preferably from within the range from 30 to 90°C, and

a pressure generally from within the range of from 2 to 40 Mpa,
preferably from within the range from 3 to 30 Mpa. The
hydrogenation is preferably carried out in the presence of a
solvent, preferably ammonia, amines, diamines and triamines,
having from 1 to 6 carbon atoms, such as trimethylamine,
triethylamine, tripropylamine and tributylamine, or alcohol,

preferably methanol and ethanol, particularly preferably ammonia.

In a preferred embodiment, the ammonia content is within the
range from 1 to 10 g, preferably within the range from 2 to 6 g,
per gram of adiponitrile. Preference is given to using in this
embodiment a catalyst space velocity which is within the range
from 0.1 to 2.0 kg, preferably within the range from 0.3 to 1.0
kg, of adiponitrile/L x h. Here, too, the residence time can be
varied to adjust the conversion in a specific manner.



13, A processs@448839 ned in claim 12, wherein the weight fraction of

0.2 SEP 2002

phosphorus conpound in the al pha, onega-dinitrile is 20 reduced. 14. A
- process as clained in claim12, wherein the weight fraction of phosphorus

conpound,
onega- di ni

15. A proc
phosphor us

reckoned as phosphorus, is Igss than 5 ppm based on al pha,
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al pha, oneddhedrAriP| Pl amPEBLtFElRR1(IdA FA SPAMIRES| d¥LF) Fahsphor us

conpounds.
cat al yst ss

dhtrohded sthmsfugimspes if - ahodee ¢Hruamperagnye ofnd|catadystto 5 as
idpddeevbysEdgeanati on of al pha, onega-dinitriles. 35 17. A

material as set forth in any of clainms 1 to 5, obtainable by reduction with

-or wi t hout
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sai d conpo

of support

b I yat | - tite. 1 feri as set
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RRACOFELRRRL LY FOMRIAHL S § AMIROCIRFORHRIH € nheRgmeshydieapaianing 5,

obt ai nabl@ atsl pconpermdhadigonai swig®or whikch may saicdndenesgecsiaildyconponent s

(a), (b),
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in a conventional manner, preferably by distillation, for example
as described in DE-A-19 500 222 or German Application 19 548
289.1, simultaneously or in succession.

The process of the invention can hydrogenate the above-described
dinitriles I by means of a catalyst, preferably in the presence
of a solvent, to alpha, omega-diamines of the general formula IIIX

HoN-CHy- (CH3 ) n~CHo-NH; III

where n is as defined above. Particularly preferred diamines III
are those in which n is 2, 3, 4, 5 or 6, especially 4, i.e.,
4-diaminobutane, 1,5-diaminopentane, 1,6-diaminohexane
(“hexamethylenediamine”), 1,7-diaminoheptane and
1,8~diaminooctane, most preferably 1,6-diaminohexane.

If the reaction is carried out in suspension, the temperature
will be customarily selected from within the range from 60 to
200°c, preferably from within the range from 60 to 180°C,
particularly preferably from within the range from 70 to 130°C.
The pressure is generally chosen from within the range from 2 to
30 Mpa, preferably from within the range from 3 to 30 Mpa,
particularly preferably from within the range from 4 to 20 Mpa.
The residence time is essentially dependent on the desired yield
and selectivity if conversion is complete; the residence time may
customarily be chosen so as to obtain maximum yield at complete
conversion, for example from within the range from 50 to 300 min,
preferably from within the range from 70 to 200 min.
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The hydrogenation can be carried out in a customary hydrogenation
40 reactor.

The hydrogenation of adiponitrile as alpha, omega-dinitrile

affords a mixture which, as well as the solvent, very

predominantly comprises hexamethylenediamine, which may include
45 especially 6-aminocapronitrile, hexamethyleneimine,
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THA = tetrahydroazepine
BMI = hexamethyleneimine

The analytical values in the table were obtained by quantitative
gas chromatography.

Example 1
a) Catalyst preparation

The catalyst was prepared by heating a magnetite ore -under
nitrogen at 1500°C for six hours. The magnetite ore used had the
following composition: 72% by weight of Fe, 0.06% by weight of
Al, 0.03% by weight of Ca, 0.04% by weight of Mg, 0.10% by weight
of si, 0.01% by weight of Ti, 0.13% by weight of Mn, remainder
oxygen.

The cooled melt block was comminuted in a jaw crusher, and a
sieve fraction of particle size 1.5 - 3 mm was separated out by
sieving. The oxidic catalyst was reduced in an H;/N; stream at
450°C for 72 hours. After cooling down to room temperature under
nitrogen, the Fe catalyst was passivated with an N;/air stream (24
hours with 1% of air in nitrogen), care being taken to ensure
that the temperature in the catalyst bed did not rise above 45°C.
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1.

)-<

A process for hydrogenation of alpha, omega-dinitriles in the
presence of a catalyst, which comprises using a catalyst
comprising a material comprising

(a) iron or a compound based on iron or mixtures thereof,

(b) from 0.001 to 0.3% 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,

(c) from 0 to 0.3% by weight based on (a) of a compound based
on an alkali and/or alkaline earth metal, and also

(d) from 0.001 to 1% by weight based on (a) of manganese.

A process as claimed in claim 1, wherein the material has a
BET surface area of from 3 to 20 m?/g, a total pore volume of
from 0.05 to 0.2 mlL/g, an average pore diameter of from 0.03
to 0.1 um and a 0.01 to 0.1 um pore volume fraction within
the range from 50 to 70%.

A process as claimed in claim 1 or 2, wherein the material is
obtainable by reduction with or without subsequent
passivation of a magnetite.

A process as claimed in any of claims 1 to 3, wherein a
promoter (b) based on aluminum, silicon and titanium is used.

A process as claimed in any of claims 1 to 4, wherein a
promoter (c) based on magnesium and/or calcium is used.

A process as claimed in any of claims 1 to 5, wherein the
hydrogenation is effected in a fixed bed reactor.

A process as claimed in any of claims 1 to 6, wherein the
catalyst is an unsupported catalyst.

A process as claimed in any of claims 1 to 7, wherein the

alpha, omega-dinitrile is hydrogenated to an alpha,
omega-diamine,
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5 10. A process as claimed in any of claims 1 to 7, wherein the
alpha, omega-dinitrile is hydrogenated to an alpha,
omega-aminonitrile.

11. A process as claimed in claim 10, wherein the alpha,
10 omega-dinitrile used is adiponitrile to obtain
f~aminocapronitrile.

12. A process as claimed in any of claims 1 to 11, wherein the
alpha, omega~dinitrile used was obtained by hydrocyanation in
15 the presence of phosphorus catalysts of an alpha, omega-diene
having two carbon atoms fewer.

13. A process as claimed in claim 12, wherein the weight fraction
of phosphorus compound in the alpha, omega-dinitrile is
20 reduced.

14. A process as claimed in claim 12, wherein the weight fraction
of phosphorus compound, reckoned as phosphorus, is less than
5 ppm, based on alpha, omega-dinitrile, after reduction in
25 the level of phosphorus compounds.

15. A process as claimed in claim 12, wherein the weight fraction
of phosphorus compound, reckoned as phosphorus, is less than
1 ppm, based on alpha, omega-dinitrile, after reduction in
30 the level of phosphorus compounds.

16. The use of materials as set forth in any of claims 1 to 5 as
catalysts in the hydrogenation of alpha, omega-dinitriles.

35 17. A material as set forth in any of claims 1 to 5, obtainable
by reduction with or without subsegquent passivation of a mag-
netite.

18. A material as set forth in any of claims 1 to 5, obtainable
40 by precipitating precursors of said components (a), (b), (d4)
and optionally (c) in the presence or absence of support
materials.

19. A material as set forth in any of claims 1 to 5, obtainable

45 by impregnating a support with a solution of said components
(a), (b), (d) and optionally {c).
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