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e3e6gp6d| d6TpBR+ NMETHOD FOR HYDROGENATI NG ALl PHATI C T
ALPHA-ﬂ'W IMLES Specification 5 The present invention relates to a
nati on of aliphatic al pha, onega-dinitriles in gh&EP 2002
presence of-ceeolret er ogeneous fixed bed_catal yst, which conprises using a
reaction mxture conprising from2 E.Inol to 30 mmol Na, x, Rb, Cs, 10 My,
Ca, Sr, Ba or Mh or mxtures thereof in the formof a baS|c salt, based on
10 nol of MELHERITOR HYDROGENATING ALLPHATIC ALPHRe (OMESAZE prepari ng
al i phatic al pha omega- am noni triles or al pha onega- d| am nes by
hydr ogenat i spexiff iakitpbat i ¢ al pha, 15 onega-dinitriles in the presence of a
het er ogengous fi xed bed catal yst are common know edge. A di sadvantage with

t hese proc e 0 J

by~ profuct STEdP Ry JW‘WD 329% A %ﬁﬁ% : Sos 3 8§§§?‘F%t’<°w to
forma m xt¥reBEis. & Fﬁ%’caﬁﬂ'l’e@ﬁl Pendi ani ne ( HVD)
by producesh%fs%}’@gﬁalepyst%’e%%ﬂaﬁéﬁ%t( THh}C’éfcqwlﬁGPnHthQIa 25 CN |
whi ch is difddaniloh moxseparaimpriisdnygtimonproduel twr 39 oot Nag XK ,umb, Ca,
anount s of M@y €at,har, 100bPMN chafsedefesHVikresd DEtheddodh SO% d:ia%cilcoses

hydr ogenat 'ékgltA‘DNaEQdaoﬂnfﬁ Wod 8 ACwRdc HQ@% Ry S, n@&a'\'hlnf@n a0

catal yst, in the suspensi on node especi all'y, by addl ng |1thiumhy I’OXI de to
the reaction mxture to increase the ACN yield. 35 WO A 93/16034. di scl oses
hydr ogenat i HPSRSReEo L & RTRATE T ahipbatid ﬂW%vé?meQaRéﬁéS}ONt’b‘a]teél $8t in

t he suspensiimharpdwepy-diafiings byhhydudgemasipueof sddiphathgdzkphiale or

pot assi uns hymrgaiddaitpildee ircabei presentelbé & Oheturogenechbef e Wedl d. 40

Unf or t unat edaballyid@ sHS PEsHEd kKAbRTESSe OVer Raney catal ysts raises the THA
| evel to nore than 1~ by wei ght (based on HWD). It is an object of the

present i nven RLovI Qr t he dr Lon of aliphatic
al pha, orrega d“snlﬁf"r"lgf' c qu:?’h%hgggpg Oces &50t° & r]ﬁetf;é(r‘ilo encé%uosfofm 384 bed

cat al yst w MRSt RE ‘é‘F‘EﬁSeHF&WFoH%dP%ﬁ%‘&&&an’?%@ég‘séﬁﬁc tH% he capability
of enabl ?hdregsnatiien iwh agirariphilts dAANPphEe fmiya- Bikhers t9f | es and/ or
0050/ 48835 @-aniSoEaprod2rideal(pil) @k dexdmenbynieneadiamaike (HMIe in a

t echni cal | yoyiir@auees Nés S TyC bt FatiRlazeYénd aviaiaf)0gdthd aforinitils @B) ect is
achi eved by the process defined 5 at the beginning. The starting materials
used in the process of the present -igvention are aliphatic al pha,
orrega-di%triles of the general f@a 1 10 NG (Chy)n-CN Il where n is an
i nt eger om1l to 10, especially 4, 5 or 6. Particularly preferred
conmpounds | are succinonitrile, 15 glutaronitrile, adiponitrile,
pinmelonitrile and suberonitrile, nost preferably adiponitrile. The process
of the presdrich psedifbirylar ttbabeyatptdr dgematies rrdveluabove- pleshratbed
dinitriles dixtupeef &hadthourits biiempresanane 1000 sppi0) (Pakeansn HMD)NG a

het er ogeggous fixed bed catal yst to form al pha, onega-am nonitriles of the
general forggila,l

'hs 894 discloses hydrogenating ADN to a mixture of ACN
and HMD over an Ni, Ru, Rh or Co catalyst, in the suspension mode
especially, by adding lithium hydroxide to the reaction mixture
to increase the ACN yield.

35 WO-A 93/16034 discloses hydrogenating ADN to a mixture of ACN and
HMD over a Raney Ni catalyst in the suspension mode by adding
lithium hydroxide, sodium hydroxide or potassium hydroxide to the
reaction mixture to increase the ACN yield.

40 Unfortunately, the suspension process over Raney catalysts raises
the THA level to more than 1% by weight (based on HMD).

It is an object of the present invention to provide a process for
the hydrogenation of aliphatic alpha, omega-dinitriles in the

45 presence of a heterogenecus fixed bed catalyst without the
aforementioned disadvantages and with the capability of enabling
the production of aliphatic alpha, omega-aminonitriles and/or
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" NG (CHZ)n-CH2-NHy 111 25 and/or al pha, omega-di am nes of the general
formula |V bbb B888SHY) n- CH2-NHz -1V, where n is as defined above.
Particularly preferred amnonitriles 11l are those where nis 2, 3,(02SEB6H
6, especially 4, i.e., 4-am nobutanenitirile, 5-am nopentanenitrile,

6- am nohexanenitrile ("6-am nocapro 30“nitrile"), 7-am noheptanenitrile and
8- ani nooct awkptia,r omegangiaminest 60 abake @léﬁ*l“—nefeafprf@ﬂhm-rlﬁely FEimaleurnd | y
preferred décsriordeal Vinammeezt.hose where n is 2, 3, 4, 5 or 6, especially 4,
i.e. 1,4-di am nobut ane, 1,5-diam nopentane, 35 1, 6-di am nohexane (HVD),

1, 7-di am naf) H{ %effgﬁ%{l%}%& h&g’s fmc_acnq’s g?ﬁ}.e\g{oefb? gﬂ%t %sssgﬁkkﬁé& Y

the coprod 9 st prefera parti
hydrogenaﬂ?)"htglfn BPéT"é’r'?ﬂ)'l y be carried out batchwi se or continuously in a
_fixed bed reactor in trickle or upflow node, in which case it is custonmary
to sel ect arkesreraiogematdriiadst iged aingeher pro@éss of150€ prrssmar ably within
t he range fimmntdohOadeliphadia HIEESWmegWhd OftitirS1e@enef athe/ genkelad t he
range from 2,4m10140 MPa, preferably within the range from3 to 30 MPa.
The partial hydrogenation can advantageously be carried out in the pr esence
of a solvent, preferably amonia, am nes, diam nes and 0050/ 48835 0 '2 SP
2D02 3 triamnes having from1l t%CB(%Pboch atons such Hs trinet hyl am ne,
triethylamne, tripropylamne and tributylam ne or al cohol, preferably

met hanol arwhestehandk, apairttiegelraftom pr edoe &bl gspemmilily. 2) n3a 4or &f erred

embodi ment , pargTRANArl S sfEFRtew tohgbdn@e range dudciashdebile, 10, preferably

fromO0.5;5 Biﬁztag-oﬂﬂrﬂ &f aﬁt‘i‘pBHE’cHié eflﬁﬁﬁoﬁﬂﬂﬂésknép&?ﬁef@lﬂ%w chosen

is prefera n 0, preferabyvvlthlnthe range
from0.3 to alltoptrgfer% a% %gflrf'?{%ﬁ_* . Here, too, the residence tine can
be varied to control the conver5|on and hence the 10 selectivity in a

speci fi c neEPifeProrass hef ddwe PERSERY | PYENtAPE rPartiadily] hydregenates| thet he

nol ar rati calmfveb-dastnioexprdimitriles tII hexefetdhllyeiedthel prsseace bénge t he
nol ar rapo Osifved@pr @k 26d ANhle@ehoyaiasuyy fenedi et RRtalast e Foraontrol | ed by

means of they par binelh aimGP1¢2196s ask RYRI GEhLLa CEIYRLSAOPT Preference is
gi ven to using adi ponitrile conversions wthin the range from 10 to 90%

preferably w thin the range from3 to 80‘V to obtai n hi gh

6- am nocapronitrile sS¥e 2\’/1‘1%}*1.2 21n geh t he sum of

6- am nocapronitril e and hexanet hyl enedi am ne [ s within the range from98 to
99% dep@hdindyconadpbal yomegandiamined of tbadienersd. facvelalilg to t he

i nvention, HiNeCHyd(THgnatHOWNH,SICArwhHea@ aulsias 2mfiued abawwy. t hat t he
reaction mPﬁMlQ:uQQB'Df’|§L%?efrE@H1 anfbifileri®esOriilre BREEEARIDE hrog 10
Eunol to 3 ymgl, segpeg! %A;&é 15%}'9, i. 'ED' E%&%bm%ém@élﬂa K, Rb, Gs,

My, Ca, Sr,.Ba.or M restere » D2
pentanemﬁ)glli r}_? e]:tagenlt%rialebgs OJF ocrﬁpé:o ref er abl y

m Xt ures thereoltLn spec
30 i nor g3 L tEEe) RS aB%?bWeanﬁr%Taé‘Pé‘BPﬁtBR‘i’%tr eBPEF |y

hydr oxi de, RFrefgirebdye -amigosepropiseideon 10 nol of ali phatic al pha,
onega-dinitrile used. Particular preference is given to such a salt (V)
which is fudstidhiaehybbrefetrebedi@naidsonvnaxé WidseAwhaté A s @anibeq added
t(r)1 ;?el ;eacg iqn e %k é@laplrlyoﬁ tS?thé he Pl@&%?ﬁ‘@ﬁd%ﬁd' §591-£t’f(;eq?)1rn%r %Eg%ﬁ@' Y,

i Xt u [ [
form |slc%1n %&bk g%%q{)i (ligg? f -PdlLdP‘? %@?‘?’%A"% ghl’séé.%tcli on m%xture

duri ng the P geﬁ'ﬁ il ?’c’#‘%ase t he advantageous effect is |ess
conpared with an addition prior to the hydrogenation. The hydrogenati on can
be carri ed $uiliaxrlyri biopleraodoction dfo AGNeadd RMD tilsemkabvwrgffcaabidses by,
in general, conducting the hydrogenation in the presence of nickel, cobalt,

iron or E@%@@a%&ﬁhyﬁ&ogzbﬁ%?oﬁaéﬂ YrkEef @M PhHeledr28q S&lﬂp(yatt@qw:tse

catal ysts chr continuously in a fixed bed reactor in trickle or upflow mode,

in which case it is customary to select a temperature within the
range from 20 to 150°C, preferably within the range from 30 to
120°C, and a pressure which is generally within the range from 2
45 to 40 MPa, preferably within the range from 3 to 30 MPa. The
partial hydrogenation can advantageously be carried out in the
presence of a solvent, preferably ammonia, amines, diamines and



- 00so/4sa3s ~ 0 2 SEP 2002 4 as unsupported catal ysts. Exanples of possible
cat al yst suppsov/48838 al um num oxide, silicon dioxide, titanium di cm gl@P 2002
magnesi um oxi de, activated carbons and spinels. 5 1n a preferred

enbodi ment, the dinitrile is hydr ogenat3ed at el evated tenperature and

el evated pressure in the presence of a“solvent and of a heterogeneous fixed
bed cat al ystrbgmirgshPaxipgt St £6nPFHRRG BHOPR)Such GFpbhhme iBfir a
met al sel ectedlefhywlantine, gtoiprapyieingne mpdftribvkelamigebalct al¢elyl, rut heni um
and rhodi unprangrddlly meefafoDlando e2hino)y glagtdbhyaf Iy preférabl y%mmoyiia .

vei ght, basef 1%, Urei@ld SfibduiMeARD! &ammsaeqsoehasé%althiﬁl £kd &hrdgeom t he
group congl %;[:‘I)rg %al baﬁ*y&erp&ﬁg EPJ;Q\ d fel g) ugn gopper sil ver,
gold, chromum ddn anese ﬁ‘nl um, “Zi nc m um
Tead. alum Ag worfmyllﬁho%mw VSE PR VANOFRERCNIReBUE FPERAPTARTY car t b
metal s, 20 wWhthin she gpnge ofgan 0o 1599 %-rQ—:vf @rabeyablnvmighint thaggopange wei ght ,
based on (afrowf0o a8 conpodndkdasedddpormitallledll.hrelfeate ,orcoon time atdsdkdenee
earth netal +iRd® oMd Ibet PRrPé@UicS @ohbabl HHe 20608POLHY dddsaEned 1Y Y

rut heni UugEOL e § HAG ! rgzy ;L n' TGN u-apdnfdyodi um or nickel and rhodiumis

chosen as conponent the promoter (b) can be dispensed with, if
desired, and also with the further grow so .t hat conponent is 30 not

based on ir &R WRFAESNBENRM LRI 1P TEL 16y [RdMH! P“Fe‘f’é}lrté'&leat'&!?‘?é‘l%laére t hose
in which conpbirmf Gapminpcaprenisrilestn hexemebhpenadiendod, oand hepceal

sel ect ed fr ehetiwgl gy @dapic onticrprogactamitek dexanetiat iengdd amine, icanabeanount
within the é’énhac;ng.%df b9 Mhdéhd %f95${@byam&maraaﬁof&e%fr dlipeh 1k ard/ or
rhodlun1|n ??g%fyh Wb&@f e E@“va ﬁ‘%@ Qsing Cad’ J%ﬁ f@igrgo d@%@gons

Py oo oy t rﬁﬂ%e r°r¥'o'f1§]r IC%ased’ gﬁeggpn%?ng] v é%?e r?greo n$onent

(b) cont ai ng
group consi $ |T’@1 8cf’f 'SFPV%}I’ta’ébﬁ‘ﬁQ ® rRIMArERE On HE L S F@Eﬂ"”a}hd
phosphorus in an anount within the range fromO0.1 to 5% by wei ght, based on
(a) and 45 InOf&aEHrEI]35hé unSkE B08Rigccaprpoinenild @nd bekaneshyleneeast one
conpound bagegn e tikewakkah i tHEkrahge afitbraldgakbngs LArdelperBl A Sorb &atat gg f r om

the group c i f Ny sodi um  potassium cesium nagnesi um and
calcium i n9§§1 Izéndoél}%fgwcﬁﬁn 1 hes range fromO0.1 to 5% by weight. 5

Parti cul arI\é preferred catal ysts are: cat al éSt A contginin 90% by wei ght
of cobalt oRFERFHESOFC BbF YIURREIAR - oFPHENGERESRALIATE S( RADERSY O35, BY

wei ght of25pABgih o May Iba‘peth%%eéétaﬁﬁl DR AT e\ B PRI 1 575 §§emu¥n W6 1d&0( Na20) |
catal yst B gomtwelni pgeZ@falbly Viioght 0 odmzlolial 8 ome e esBed)albpofrpmiei ght of
nmanganese 0x0demdIMt203p0 @ R wej ghf Rf, il vieg, @d,der(AB20r MAOGby

wei ght of S}nLk@nhLHB dna¥bee, (p'iiecf%)rabsya% DX wei @Qtoﬁ&lqku@byntm&m de
(A1203), és/%?éfl ggEE of n RN f%ﬁlndt?? (£ %@@: oPga % QPéb magnesi um

ot e (M) sehchalin A ofVhn BT 5, Sttt s il R ant o

silicon di o??H%CJ(aéll(YZ Yy ’3°’7’9)ﬂ€bry %F‘gﬁ’fu’ﬁﬁs éﬂhﬁﬁfﬂﬁm%ﬁe@e°(’A o(f 8% by
wei ght of i abnplmaadea(lpééoagmeqa-ﬁémbyﬂmngw of magnesi um oxi de (My0),
1.92% by wei ght of cal cium oxide (Ca0), 3.4% by wei ght of sodi um oxi de

(Na20) and ahseich% bye¥Eidhde Qfs BOVasSidiMuexi desd K2 Q) JRichaid wuhher
preferredsegpodient, hoe, ﬂ L0t e xls-dydrogenated at el evated tenperature
and el evat ed pressure In the presence of a solvent and of a heterogeneous
fixed bed cat aI Yt
(V) can be added to the reaction mixture prior to the
hydrogenatlon dissolved, preferably, in at least one of the
constituents of the reaction mixture or in solid form. It is also
40 possible to add a salt (V) to the reaction mixture during the
hydrogenation, in which case the advantageous effect is less
compared with an addition prior to the hydrogenation.

The hydrogenation can be carried out in princple according to one
45 of the known processes by, in general, conducting the

hydrogenation in the presence of nickel, cobalt, iron or rhodium

catalysts. These catalysts can be used as supported catalysts or



f

- 30 (a) netallic cobalt, a cobalt conpound or m xtures thereof, the
proportion obso¥asBBEc cobalt based on (a) being within the range fpzrqug[m
.to 100 % by weight, (b) from10 to 70% by wei ght based on (a) of netalTi
iron, iron 35 oxide, a further iron conpound or m xtures thereof, the
proportion of iron oxide based on (b) Deing within the range from20 to
100% by wei @htungupporitgeh P24 YEKShy EXRTRARS 9AsBOSDHPkehsasahy$ot BIPROELE )
and (b) 40 ete aalmmipomndxbdesedidicahkddoxiviet, akitanial idioxédet magstesliunr
zinc. Pref epgide, astvaedd tcarbbas casdtsplinells . whose proportion in the
catal yst precursor prior to activation with hydrogen or a gas 45 m xture

conprisin drogen and.an .inert gas,_such _as_nitrogen over _one.or. nore Co
corrpounds,g Eél%#f&@&rﬁg'%oa 1lrr'('af"fg') 15 (fg‘nli%gl\;\? tlﬁsgﬁlytdﬁgg?ﬁ?lgeed f%om 10 to
80% by wei ghlevasas demBeyatiitehiand ftevatsshpragaure in thegpresenres ofapge
from 20 to F0¥vdnt wwidght, a2 deppesiogehgous tfiixedt hed reatpd ystohy 3@siny @0% by
wei ght. Pretetengx icongayeing o t hose catal ysts whose proportion in the 5
catal yst precursor prior to activation with hydrogen or a gas m xture
conpri si r apn.Lher a Lbql e or nore Fe
corrpoundg,g Eéfe%?ﬁ@“ﬁg’g P?%%?I(ﬁ% g‘)%%gfhs?%%ettdh?g&?r%\ér gﬁgggér m?20 to
508 by vl ght, FPEFERHREy Ofi TR VnEoPaRte #o8m SECITENERY RRTEHE
especially with#®dthe range from10 40 to 70~ by wei ght. These catal ysts
can be supported or unsupported catal ysts. Exanples of possible support
materials a(g) PEr&m0 @ 48s25%F hrafe2bbDy NEyonmOXi. deto BY,i eyNwdigit ddased

al umosi | hgat es, o}, apd NaR¥M, Ogi ditrt kO bhsb4NbdIM de@Xl dfe1 iteOREUM HeoXi de,
magnesi um oxi deq, ZL1C. gl ey A0 7 ¢ah bERLAN 13k S uRCLLMARH, CBLRGI, O

m xtures thereof. Preparation”is gen ra'f]}/ é@greélgllta]hn one or 'nore
precursors of cOPRRHentLEFTt s he FORPTH Ty SOV RSP AUyf t&BEﬁBﬁ%nt (b) and,
20 if desired, WRRYRNRFE oF heBiwmprd8br sSHAENIM/t L8RS CHMPGRBRY ¥+ in the
presence or absphesphairusupposenivat @ntaneny ddépsmdihgansh nalriec Rachlt atatstlst ype
is desir@d), ifaf@sdxsed processing the resulting catal yst precursor into
extrudates or tablets, drying and then cal cining. Supported catal ysts are
general ly al i | @by ak| e.,.suppor j oL S i of
057 by aniPP A T3 SaDe GBI e BPEEy Weking Sy 0
conponents si rruf"f‘bhecbfﬁ& ogpovRd KISEEST oH Ay TPy iy P ha” cHmondht s
(a), (b) and ifed&esh Me¥ale) onto the support in a conventional manner. 30
Sui t abl e2precursors for conponents (a) and (b) are generally readily

wat er - sol ublvetls altes pabvibe taaar,edEns i conggbumet Bhsed worh cadynritladreisyn or
chlorides, agsiaitor FAEABEAM and sHbdAISr RLEKET abldy rAbBidheSs chsen

Sui tabl & precurSiHhen®r (&PMRAREREMSLe Al @ )JCHRT B |41 Jeadik Yy y@y erigsol ubl e
salts of alkgll Iet gk 918Kl BReCALILIIPLaLS: S AhaAS bhbBhUM @qdium
pot assi ur;b r upl |1£3] cesium_ -magnesi um or g) cLum of zinc-an al's

m xt ur es *PhBPEJI2SELOR AECRVHIOK CARROPEY: HEdat B2 Wi ¥ res, chl ori des,
acetates, formates 40 and sul fates, preferably carbonates and hydroxi des.
Preci pi t ati Breferngsherablysed faget dose oin atpicbusompsingnitots) edntaimst evel vy
by addi ng prLesspidmd icogpoend edsed by &hengilngetl beteaH falombyhe hguingipng t he

t enper at ur ecoft®i st P OE488301 0 @bt A2 dhechPid alndiat! f2ERIY Sresed can
be Tor examhLe ATy 4B €87 SNy ewgﬁéﬁydgn%'a%a pﬁtmrimnghéfopfrbyfo*am' kal i

net al s. al” conpound reagents are.use it 1s.advisable to free
the precipi tAt&s ?"fo&ﬁﬁtaﬁﬁ)é]r[‘rfrf'ld:hﬁl kAPPe net Océn%?)gﬁjsb,y FEFIRRAR by 5
washi ng of f POF¢entageePeingiRaged opetbariyedosat of retropenteetal difovs) - of
the precipitate fromthe nother liquor or after a drying and cal cining
step. Dryi ngospondix qanrteatHils iaf de&ON Y pRBALtERINMREd Pheh afeadadly in
spray towpr Se1éddifghnCaRe JRpPEBRE PiL Al deS sUBRSF Aldappel U kdfshridel, N a
l'i quid, adv@ﬂenium, lead. and phosphorus in an amount within the range from

0.1 to 5% by weight, based on (a) and

45
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10 tageously water. The catalyst material thus obtained is customarily
dried at temuomotagsss Which are generally within the range from Sonh(r)l J@%‘n
. preferably within the range from80 to 120C. 15 Calcining is custo id 1
effected at tenperatures within the range from 150 to 500c, although in
i ndi vi dual cases tenperatures of up to 22000C can be suitable, preferably
within the rcemgenenbmQ0Consaind@Yy deasyasnetqampenndprses og she akkali
nitrogen i nnetialabérd sgiparidhesedth imeitslpusebseeduchomstie ayoap rotary tube
20t ovens. Thenaeudeng G m%mﬁﬂp%sﬂ@;nl, np@t%ﬁl}(ﬂﬁt b@@f\h:t\m@ﬂesiim Garighaped
articles, s ex : e cea
material i %%gcggmhs%%%?ﬁ%gayﬁgewgg %gefn #hg p)fée?)hlr aétbl g‘r;;5 %? ‘Z% Adat es,
assi stants such _as_inorgani c acids, organic acids or bases such as ammonia
_can be addedariiguizelvdIeserred ah?lydheadTcobalt or iron conpounds.
After extrusion, the extrudates can be dried at tenperatures bel ow 200c 30
and cal ci nedathl{yeoperctintagsing t40% biyhfeiging e cobaldbitiaedq060) Alshaygh in
i ndi vi dual  GA3eR! SAMRIRYNEES Ofidd (MR,d00083CHP RS gl babbRosgidlugr abl y
within thg 1306, LA0M Il By A30GH 8 8% ISIMLCAR)Si Mo arr or
ni trogen i'n PSHPABT R appara Vs o A s pur pose stch &s ‘ray or rotary tube
ovens. 35 In the preparation of tablets, organic or inorganic assistants
such as st eZ2&REEST gf AsMtRAndRT 1Y byane bghtaRfe§oPal t caxide ¢FAPhg,5% h&Y
cat al yst natweright ¢% reulgjasesedoxizlen (Meslwi,ng .39 by nesigher ef (Sxlotarvakida” ) ,
for exanpl e (ng,o1p) % bROweight of belPEldh Wivxwheh{sidhe Bosgey keighAdl to
ggggépﬁregfeﬁroﬁbuumgm 'btxblrbe Eﬂi’g@ﬁ,)t_rﬁm#@gr WeigB0Gr i%of gz\rfﬁdé)g(g‘ézoyh, as
i 1rogen f o -ASpHy vttt F eidil G| GBR 208 Elkd 37 BF uoidt
hourly 45 sQPfcE2VelWRiF*}deofCRP s 3 within the range from 200 to 2000 L
per L of catal yst per hour. 0050/ 48835 ~ 0 2 S~ P 200Z 8 Advantageously,
t he activaticaradfst he coattalip$ng i 20% byr weilgloutofdniekel yosidet iyigyntédiedi2s
reactor, R Hewbkhybt GSisQTaELD YaidRiidat €Sidy) ,08hes iby eredighessaryluminum
'O)r(‘;ggnneg: f‘; %%ESPIAE@}?LYOIJEE(?%%E&@E 'd}:‘ i®bnt gﬁiéré'i(fs% 23 )b,g oTB8RsSpPf i n
t he range frw%rlﬁghg]Z? ‘g‘(()a%%}ﬁﬁ %fle agkgo\?\l tﬁ]%t%t Eg ‘I"a% et ?} o%ﬁ}giﬁ o%é. The
activation dffasst vt & USE'E{‘E/S?% S P e ef‘gfééﬂ Y2 aFﬁ‘F% olit %iyn t he
synthesi s r @8dgbt ¢H ROUIFELBYAXIIPYKRR]l ng at npsphere at a tenperature
within the range of 150 to 300C, preferably within 10 the range from 200 to
280C. The camakystustioantpaiefietpdd retballimentobalet diaitniiad tisc agpoodehared
m xtures thereglievifes HenpeoROiid AMaOk18RiEdd ipresolAé tin RASECErofe @ ofbei N

within the ragge,rom20 o0, LAUA R WELAN! 5 i UELHERADL Y, Wdhi N the range
from30 to 90% by wei ght, especiall’y wthin the range trom40 to 70% by
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40 of a compound based on alkali metal, alkaline earth metal or
zinc.

Preference is given to those catalysts whose proportion in the
catalyst precursor prior to activation with hydrogen or a gas

45 mixture comprising hydrogen and an inert gas such as nitrogen
over one or more Co compounds, calculated as cobalt(II) oxide, is
within the range from 10 to 80% by weight, preferably within the
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40 and sulfates, preferably carbonates and hydroxides.

Precipitation is generally effected from agueous solutions,
alternatively by adding precipitating reagents, by changing the
pH or by changing the temperature.

45
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Advant ageously, the activation of the catalyst is carried out directly in
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remai nder odf96m The cool ed nelt block was conminuted in a jaw crusher, and
a sieve fraction of particle size 3-6 nmwas separated out by sieving. The
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in a hydr ogentebleaappBGrust dadathiigPurph¥e asuctb@sbaray [or tiegapyotwss, the

t enper at 20 eovwss .r ai sed from 30C to 340C over 24 h and then maintai ned at
340C for 72 h. After the tenperature had been |l owered, the reactor was fed
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7
§6¢, s%md atsnex O‘%{"f Sel gcf’av s%/ f grsPﬁ lnYd J'I—fll\/% was 99% The
THA cont entca%fl¥RE ’Hﬁﬁ' &Fl bR RF MS§ENT v Bm based 40 on HWD.
| nvent i v&3 Exanpl e 1 The conparative exanpl e was repeat ed except that the

ADN had 45 Zadche poeparskicd of nektmidata, baseibtamtsCsucth a iADNganic
acids, organic acids or bases such as ammonia can be added, and
the assistants can contain cobalt or iron compounds. After
extrusion, the extrudates can be dried at temperatures below 200°C

30 and calcined at temperatures within the range from 150 to 500°€,
although in individual cases temperatures of up to 1000°C can be
suitable, preferably within the range from 200 to 450°€ in a gas
stream comprising air or nitrogen in suitable apparatus for this
purpose such as tray or rotary tube ovens.

35
In the preparation of tablets, organic or inorganic assistants
such as stearates, graphite or talc can be added.

After calcining, the catalyst material is subjected to a reducing

40 atmosphere (“activation”), for example by subjecting it to a
temperature within the range from 150 to 300°C, preferably within
the range from 200 to 280°C, to a hydrogen atmosphere or a gas
mixture comprising hydrogen and an inert gas such as nitrogen for
a period within the range from 2 to 96 hours. The volume hourly

45 space velocity for this is within the range from 200 to 2000 L
per L of catalyst per hour.



0050/ 48835 , ~ 0 2 SEP 2002 i2 The THA content in the hydrogenation

ef fl uent wago40Pappns based on HVD. Inventive Exanple 2 5 _ The conpqquhmg
exanpl e was repeated except that the ADN had added to it 72,9 E.inol "of
Ca(OH) 2 based on 10 nol of ADN. The THA content in the hydrogenation
effl uent was 300 ppm based 10 on HVD. 815 20 25 30 35 40 45 0050/ 48835
0 2 SEP 2002dvshtageohalyn the Acpivaeben fodr thg deagpdiyati o8 edrwmledplati c
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clai ned in €9 &iMm8P°¢ orPERIEFAPLNGVEIHPh &bhe cr anFsh£roBndyatali3@f neBhe 4. A
process as atuwivaEdonnofirngasxivatadnsatlallysts, ishdresi prefierdtelye cagened usut
catal yst usgsl HMBYhERSs P RGLEYE LO P ARRARbgORS A sih§ atndphble & GKel,
rhodi um or { i heni Yk o1 £{ie rtngo %H]%_% %ﬂt@ 'Joo'zb%t%&feef%ra%-l PLRGESS as
cl ai ned gg ﬁp of ¢C glns&%)t% rein the heterogeneous catal yst used
conpri sed? P RFAIE S EOpaERE -

The catalysts contain

on iron.

(a) metallic cobalt, a cobalt compound or mixtures thereof, the
15 proportion of metallic cobalt, based on (a), being within the
range from 20 to 100% by weight, preferably within the range
from 30 to 90% by weight, especially within the range from
40 to 70% by weight,

20 (b) from 10 to 70% by weight, based on (a), of metallic iron,
iron oxide, a further iron compound or mixtures thereof, the
proportion of iron oxide based on (b) being within the range
from 20 to 100% by weight, preferably within the range from
20 to 80% by weight, especially within the range from 30 to

25 70% by weight, and

(c) from 0 to 1% by weight, based on the sum total of (a) and
(b), of a compound based on alkali metal, alkaline earth
metal or zinc.

30

The catalysts can be used as fixed bed catalysts in upflow or

trickle mode.

Particularly preferred catalysts are those which contain
35

a) a compound based on iron such as iron oxide and

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

c) from 0 to 5% by weight, preferably from 0.1 to 3% by weight,
especially from 0.1 to 0.5% by weight, based on (a), of a
45 compound based on an alkaline or alkaline earth metal,
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25 6. A process as clainmed in any of clains 1 to 5, wherein the catalyst is
a supportedoogbapsBs 7. A process as clained in any of clainms 1 tog9,5cp 7002
. Wherein the catalyst is an unsupported catalyst. 8. A process as clainmed in
any of clains 1 to 7, wherein the dinitrile used is adiponitrile to obtain
6- am nocapronitrile. 9. A process as ciPai med in any of claims 1 to 7,

wherein the 35 Hrefenably gsdected daiopohhe rgqaup gopdisting of lithium,

hexamnet hyl enedi aodien, Potasdspuocaspidiun} atgssidim, nmagyesifurc lhadnsalcitum.7 f or

preparing a m xture conprising 6-am nocapr onitrile and hexamethyl ene 40

di am ne sta P tdd I claim 10
f ox coprog %1?%&9 Jéf’t%gyggéi%ﬁroﬁ???ih an Eggg%éﬁﬁ% %gg %e starting

f rom adi p BRI BRpES Meidalh pans pOrsug ox s xEp; 95
_partial hydpogmhum S?flGF & ision Alpridey ﬁéP’"astR"’é:%'aéaH%ﬁ’?% oxidany of
clains 1 toti#tawiwbdipnide mzdnponigonpidxidey Bagmesiovaprddé: riins, oxide
hexanet hyl easdi sa6liteandnddi Jadiagicti vated aadbbn (&) niierEavreBgthereof.

6- am nocapronitrile and hexanet hyl enedi amine fromthe m xture. 10 15 20 25
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components (c) in the presence or absence of support materials
(depending on which catalyst type is desired), if desired

15 processing the resulting catalyst precursor into extrudates or
tablets, drying and then calcining. Supported catalysts are
generally also obtainable by saturating the support with a
solution of (a), (b) and if desired (c¢), it being possible to add
the individual components simultaneously or in succession, or by

20 spraying the components (a), (b) and if desired (c) onto the
support in a conventional manner.

Suitable precursors for components (a) are generally readily
water-soluble salts of the aforementioned metals such as

25 nitrates, chlorides, acetates, formates and sulfates, preferably
nitrates.

Suitable precursors for components (b) are generally readily
water-soluble salts or complex salts of the aforementioned metals

30 such as nitrates, chlorides, acetates, formates and sulfates and
also in particular hexachloroplatinate, preferably nitrates and
hexachloroplatinate.

Suitable precursors for components (c) are generally readily

35 water-soluble salts of the aforementioned alkali metals and
alkaline earth metals such as hydroxides, carbonates, nitrates,
chlorides, acetates, formates and sulfates, preferably hydroxides
and carbonates.

40 Precipitation is generally effected from aqueous solutions,
alternatively by adding precipitating reagents, by changing the
pPH or by changing the temperature.

The catalyst prematerial thus obtained is customarily dried at
45 temperatures which are generally within the range from 80 to
150cC, preferably within the range from 80 to 120°C.
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30 temperature Wlthln the range of 180 to 500°C, preferably within
the range from 200 to 350°C.

The catalysts can be used as fixed bed catalysts in upflow or
trickle mode.
35
The process of the present invention provides alpha,omega-
aminonitriles and/or alpha, omega-diamines in good selectivities
and with only minor quantities of unwanted by-products.
alpha,omega-Aminonitriles and alpha, omega-diamines are important
40 starting compounds for preparing cyclic lactams, especially
6-aminocapronitrile for caprolactam and HMD.

45
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.04% by weight of Mg
0.11% by weight of Si
0.01% by weight of Ti

15 remainder oxygen

The cooled melt block was comminuted in a jaw crusher, and a
sieve fraction of particle size 3-6 mm was separated out by
sieving. The oxidic catalyst was reduced in a hydrogen/nitrogen
20 stream at 450°C for 72 h and then passivated in a nitrogen/air
stream (24 h with 1% by volume of air in nitrogen) at below 45°C.

b) Hydrogenation
25 Comparative Example

A tubular reactor (180 cm in length, 30 mm in diameter) was
packed with 740 mL (1816 g) of the catalyst material prepared
according to (a) and reduced in a hydrogen stream (500 standard
30 L/h) at 150 bar. In the process, the temperature was raised from
30°C to 340°C over 24 h and then maintained at 340°C for 72 h.

After the temperature had been lowered, the reactor was fed with
a mixture of 400 mL/h of ADN, 770 g/h of ammonia and 500 standard

35 L/h of hydrogen at 250 bar. At 100°C, the ADN conversion was 70%,
the ACN selectivity was 60%, and the total selectivity for ACN
and HMD was 99%.

The THA content in the hydrogenation effluent was 1200 ppm, based
40 on HMD.

Inventive Example 1

The comparative example was repeated except that the ADN had
45 added to it 9.62 umol of CaO based on 10 mol of ADN.
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3. A process as claimed in claim 1 for preparing aliphatic
alpha,- omega~diamines.
15
4. A process as claimed in any of claims 1 to 3, wherein the
heterogeneous catalyst used comprises an active component
based on iron, cobalt, nickel, rhodium or ruthenium or their
compounds or their mixtures.
20
5. A process as claimed in any of claims 1 to 3, wherein the
heterogeneous catalyst used comprises an active component
based on iron.

25 6. A process as claimed in any of claims 1 to 5, wherein the
catalyst is a supported catalyst.

7. A process as claimed in any of claims 1 to 5, wherein the
catalyst is an unsupported catalyst.
30
8. A process as claimed in any of claims 1 to 7, wherein the
dinitrile used is adiponitrile to obtain 6-aminocapronitrile.

9. A process as claimed in any of claims 1 to 7, wherein the
35 dinitrile used is adiponitrile to obtain hexamethylene-
diamine.

10. A process as claimed in any of claims 1 to 7 for preparing a
mixture comprising 6-aminocapronitrile and hexamethylene-
40 diamine starting from adiponitrile.

11. A process as claimed in claim 10 for coproduction of
6-aminocapronitrile and hexamethylenediamine starting from
adiponitrile by

45

AMENDED SHEET
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