0050/ 45518 0050/45%8& ation of aliphatic al pha, onega-am nonitriles The
present invention relates to an inproved process for the 5 preparation of
aliphatic al pha, onega-aninonitriles by parti al hydrogenation of aliphatic
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this process, quantitative yields of aminocapronitrile are said
30 to be obtained at conversions of from 45 to 60%. The disadvantage
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EP-A 161,419 describes the partial hydrogenation of adiponitrile
35 using a rhodium~containing catalyst on a magnesium oxide carrier.
At a conversion of 70%, a selectivity of 94% is achieved. The
disadvantage is the expensive preparation method of the Rh/MgO
catalysts (cf. J. of Cat. 112 (1988), 145-156).

40 DE-A 4,235,466 describes the fixed-bed hydrogenation of adiponi-
trile to 6—aminocapronitrile over an iron sponge catalyst (unsup-
ported catalyst) which was prepared from iron ore by a special
method and subsequently doped with cobalt, titanium, manganese,
chromium, molybdenum, ruthenium or iridium. Owing to the small

45 surface area (0.8 m2/g), these éatalysts generally have.useful
activity only at high pressures and high temperatures. A further
disadvantage of this process is the.rapid loss of activity: in



di sadvant age®9PO/RB518 ocess is the rapid loss of activity: in

0050/ 45518 2 spite of a reduction in
t he adi ponitrile and hydrogen loading, . which leads to an increase in .
conversion, according-to Exanple 7 t & conversi on decreased by 5%in the

course of 24spouésof a reluchidd &b rhedaaipomiarilbeandiyareoges Loadihdied
hy?rlogen?t 't ﬁ%@&h leatl RYNBh! iASrNLR _iﬁaiémfaﬂyibl an §é<‘§dz‘iﬁ.n?ekoaﬂ$hen]§ﬁg.% z
netals o | . |
bei ng useghgngﬁ%%%%pgeégﬁ%g E)E( g\gsﬁ%s ant% Pg%pﬁitgfag\?aﬁ%)gﬁg' of thesg
catalysts is their unsatisfactory life. 10 It is an object of the
present i nPeRErBn84% §hiodegeribes iheogertinugnsyfizedrhpd Miydrpgemratian @f of
al i phati c al pdaporjtride wyrrt palladiumeonbyilpanat gel #ydiravgegnaetabs aff the
adi poni tri-l eeightBhgiBuic@FSthe PEDJI0! TABMS, Uhesabhveilprefiedably being
di sadvant ageggelnNiPa¢Hd Ol of | dpikeliss ANs@HIRGLE Q1 PI BHARNRaBE OSL Sthelsd
whi ch the ca%g%é§§§¥%§ﬁp aye unsé{ﬂs%gggar |ff%éahan those of the prior art.
a .

W have faqun I'S object 1's achireved by a process for the
preparati&ﬂ of aliphatic al pha, onega-am nonitriles by partial 20
hydr ogenat i oftois a8 ppdece af pbhe Rregarti nvanties b rIQWideegn improved
t enper at ur es pandess piomattipes phepaxatjoasefir gl iphatie plpisemregef-aminonignl vent
and of a cat aliyes, bypartianpydsRfenatiof &f crlipbystrityd Chvhich2prdddss
ggztsﬁlstnisna CfQEE_QUﬁ‘Qt t}?a%dgae é‘b&Fén@ntQShé'&itﬂjsaﬁiﬁrQH{rﬁ&@ﬁ;gri%UBarticular,Qit
cont ai ns %r%ﬁqsg.iﬁ‘i%de, g E%aﬂé%[ﬁ pPPE AR i RTides gaea e
based on (a)2 ofP™&hr & aﬁag}é‘?feoﬁfa hetREiorePEEL ed fromthe group
- consisting of palladium platinum iridium osm um copper, silver,
gol d, chronm #m have yismduthat ubhyst @bject is ackiryeddse,a pireneas) foa rithe
cadm um | eagrephativtNoft alipldiic alpha, omdiianinoniGifilied, benparbiyl
?i )srr}lt h, O%dt hg@PogdhdGHnl & auﬁmi%Salpha,r%maaaaaﬁ!piefﬁe%g%heﬂ@&@deﬁ and
c rom ﬂm% , |
Qeﬁgﬁﬁéﬁlxeersalghﬁ Lﬁﬂ sbﬁegiécf %.’@ésﬁ@g %:m athhla%I ?@gsgﬂce of a

, of d. t th
Tel L. 40 RPLRSERGH G So TSt BT STERE 08 FEThE HREBNE YN or

25 (a) contains a compound based on a metal selected from the group
' consisting of nickel, cobalt, iron, ruthenium and rhodium and

(b) contains from 0.01 to 25, preferably from 0.1 to 5, % by
30 weight, based on (a), of a promoter based on a metal selected
from the group consisting of palladium, platinum, iridium,
osmium, copper, silver, gold, chromium, molybdenum, tungsten,
manganese, rhenium, zinc, cadmium, lead, aluminum, tin, phos-
phorus, arsenic, antimony, bismuth, silicon, titanium, zirco-
35 nium and rare earth metals and

(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 on an alkaline
earth metal,

40 .

with the proviso that the component (a) is not based on 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,

45 chromium and molybdenum, and with the further proviso that, when
a compound based on only ruthenium or rhodium or ruthenium and
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25 toxide and 2% by weight of sodium oxide (Naj0),

catalyst B, containing 20% by weight of cobalt oxide (Co0), 5% by
weight of manganese oxide (Mn;03), 0.3% by'weight of silver oxide
(Ag20), 70% by weight of silica (SiO;), 3.5% by weight of alumina

30 (Al,03), 0.4% by weight of iron oxide (Fey03), 0.4% by weight of
magnesium oxide (MgO) and 0.4% by weight of calcium oxide (Ca0),
and

catalyst C, containing 20% by weight of nickel oxide (NiO),

35 67.42% by weight of silica ($i03), 3.7% by weight of alumina
(Al;03), 0.8% by weight of iron oxide (Fez03), 0.76% by weight of
magnesium oxide (MgO), 1.92% by weight of calcium oxide (Ca0),
3.4% by weight of sodium oxide (Na0) and 2.0% by weight of
potassium oxide (K;0).

40 _

' The cétalysts which can be used according to the invention may be

unsupported or supported catalysts. Examples of suitable carriers

are porous oxides, such as alumina, silica, aluminosilicates,

. lanthanum oxide, titanium dioxide, zirconium d10x1de, magnesium .

45 oxide, zinc oxide and zeolites, as well as active carbon or mix-
tures thereof.



40 The cat®A80A45%48 ch can be used according to the invention may be
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and carbonates.
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The precipitation is carried out in generel from aqueous solu-
tions, either by adding precipitating reagents or by changing the
pH or the temperature.

35 The preliminary catalyst material thus obtained is usually dried;
in general at from 80 to 150°C, preferably from 80 to 120°C.

Calcining is usually carried out at from 150 to 500°C, it being
possible in specific cases also to use temperatures up to 1000°C,

40 preferably from 200 to 450°C in a gas stream comprlslng air or
nitrogen.

After the calcination, the catalyst material obtained is. gener-—
ally exposed to a reduc1ng atmosphere (actlvatlon), for example -
45 to a hydrogen atmosphere or a gas mixture containing hydrogen and
an inert gas, such as nitrogen, for from 2 to 24 hours at from 80
to 250°C, preferably from 80 to 180°C, in the case of catalysts



Cal ci ni ng, i sOA8Q4APP18arried out at from 150 to 500 C, it being possi bl e
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After the calcination, the catalyst mat&ial obtained is gener- ally .
exposed to abaedamdrngcu&haas@hecsxe rhodtiiods Wompohefit exaRIre £45mt20@ tay dr ogen
~atnosphere 05?@°(9a§)r@fégcﬂﬁf§cf¥gn@'ngngo hygbregein AL cas@Not ida1gass such
as ni trogen 12401 3ok ™MD $ogp Lohinl ity BESLENAR!Y from

80 to 180 C °f ﬁe?he &2 et

5 based oncPB?ﬁErﬁ’lﬂnlﬁPnrﬂﬁo‘Fﬂ?ﬁ{’%nEo qﬁfalﬂs"f ERRFSoBeeFity
500[ er r] C, Spheteridinrefesab22¢db 14@6rC1 CP’-'h aafelgake of catal ysts  based
on a netal selected fromthe group consisting of nickel, cobalt and iron

as conponent tha) acJﬂ&ﬁ@habrSJEhémalyeto:cétawvan'éa&@cmljys caeeied addyy 200 1
per 1 gf cat ﬁk}.‘ééth{ J.nTl%ﬁeaQirﬁi‘fl?éél%nregc{&? GAhakyehid ustdYapt & A
carried out wi }d-hr 5 Agf.n'r'v‘uk CnSddldle I§n£§xsr?t<ﬂr g' a%@c%? il 'Stﬂé s)’lva- .

di spenses neces 1.0, ssi va-

10 tion oft% ﬁé°§u?fafc‘\§ Spr ﬁ%%aﬂ"r'yusf’?%}rYQ 1o oelcer Bﬁ?fﬁ r°‘25
to 35 C, by RbBake ¥ Canbﬁxlp'g@rﬁ it psgwqﬁn(mtéogemmwrayrsuch aphair.
activati on ofthpasstisetteicncaf apysdivatedt batalysebeiabtiyen preffeeabkd in the

synthesi s reggtgetad i Qmelgf’né&sigoﬁ:e&é&& a@HQi:Sﬁ 180 t¥blsyole prpredert-o

350[err] C, h n ,Ngnaf ik ];eg }ges%s may be
used as f| eg g%dy%nggﬁ%&?g %?he Pi qui ﬁasemc?rl trlac@tf’élli
procedure or as suspension catal ysts preferred enbodi nent,, iron

catal ysts whBEe SREFL¥sts BAE be) usedHpsi E’e’EF"O)PeQdB?F@l%ESdE’X the chigpdd-
al um na, ar ephseel. orusirdickje—bed torecednyeli o1 \Ass suspepgiqmicetiabystsisi ng
magnetite with the oxide additives, preferably by a nethod simlar to

that described aNpreferBd Shbb@fmen®dt akystcddulybastwicsd 532 8acePapas
167-168 (Qb59t§6§11zed3 -ahﬁi’i‘& oxYoRkl, eguél{“jéésfa&hﬁiné:a ey 8k8d. dudd),
123, where 2 %’ét &éuﬁ%@”éé‘e &g&&%g ,zgé@ ¥1§ aﬁgﬁeet %S%%Regﬂ A?{ (erred
addi tives are a \ ? arI
preferred caPQF&E’f‘éesﬁa\Pé'egeéﬁ L}’rfécé'eg}? hafies

particul ar| yPpBef tblinsy Cr6a1BEt d‘aZ'GfaFﬁmEﬁlr(tlﬁéél)arPageﬁ‘ rléﬁrléstba ] sep/ g
(iron catal ystE.vweath happlbedningustaiell GataldFstedusi (Psdnesh?y, prreper ed
materi al @sd fubtBér Comicaia sfnthesiisNneataDysilage) désdribddy.. Préfgrrdant al yst
Handbook, - 2ndgdt 1§ rk989Umina Frﬂ?ﬂ:ﬁssgﬁgl&ﬁ@e BA9Gcai¥ihm oxidd, @ further
preferred e”’BQQkE@&‘Eaﬂ{ %@a?é@é&’ YatatlSed GA4%CY BET surface area greater

than 5, very particularly preferably from 5 to 20, in particular
from 15 to 20, m2/g (iron catalysts which have been prepared by

30 reducing freshly prepared material and which contain an alumina
proriloter) (cf. M.V. Twigg, Catalyst Handbook, 2nd edition (1989),
Frome, England, page 397).

In a further preferred embodiment, iron catalysts are reduced
35 with hydrogen at temperatures no greater than 500°C and usually
have a carbon content of not more than 0.4% by weight.

The starting materials used in the novel process are aliphatic
alpha,omega-dinitriles of the general formula I
40 o '
NC- (CH2) ,—CN I

where n is an integer from .l to 10, in particular 2, 3, 4, 5 or
6. Particularly preferred compounds I are succinonitrile, gluta-
45 ronitrile, adiponitrile, pimelonitrile and suberonitrile, very
- particularly preferably adiponitrile.



35 with hydrt?&ér?/éﬁstlgnperatures no greater than 500[err]C and usually

have a carbon content of not nore than 0.4% by wei ght. The starting
materials used in the novel process are aliphatic - al pha, omega-dinitriles
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25 nia, amines, diamines and triamines of 1 to 6 carbon atoms, such

as trimethylamine, triethylamine, tripropylamine and tributyla-
mine, or alcohols, in particular methanol .and ethanol, particu-
larly preferably ammonia. A dinitrile concentration of from 10 to
90, preferably from 30 to 80, particularly preferably from 40 to

30 70, % by weight, based on the sum of dinitrile and solvent, is
advantageously chosen.

The amount of catalyst is chosen in general so that the amount of
catalyst is from 1 to 50, preferably from 5 to 20, % by weight,
35 based on the amount of dinitrile used.

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

40 The partial hydrogenation can also be carried out batchwise or
continuously in a fixed-bed reactor by the trickle-bed or liquid-
phase procedure, a temperature of from 20 to.150°C, preferably
from 30 to 90°C, and a pressure df, as a rule, from 2 to 30, pre-
ferably from 3 to 20, MPa generally being chosen. According to

45 the invention, the partial hydrogenation is carried out in the
presence of a solvent, preferably ammonia, amines, diamines and
triamines of 1 to 6 carbon atoms, such as trimethylamine,



The ampunt, oPOSH/ASAX8 i s chosen in general so that the amount of .
catalyst is from1l to 50, preferably from5 to 20, % by wei ght, 35 based on
the anmpunt of dinitrile used. The suspensi on hydrogenati on can be
carried out batchw se or, preferably,7 continuously, as a rule in the
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preferably % Pobr 30° an a ‘pr essure o o 30,
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t he i nvent iSorratehEsha?ras Vﬁ}ﬂ?b‘@&ér&ﬁ if5Am; Q- LY i2ef  op¥eferabdy from Qshnce
of a sol vent topnederkdlof adipohitrile pes, ldpeminds ahdsen. (Theagpmesrsifon] to
6 carbon atoghd hefibe dthd ldelBtbiv ity tan be conti¥i0e45bd &hanging the

7 triethyl 3igsiBenPs OPMATnNen 28 ddde RubY! ami ne, or al cohol s, preferably
nmet hanol and et hanol, particularly preferably amoni a. In a preferred

enbodi ment,_an a nia content o

bor g of 'l 0 P, pave s Riogsan. sbha;oisyaTLnonsRELoh AR AYERIRS f o 1°
to 2.0, pref aoas\l geleehiities apd with R’Qlﬁfs‘ﬁﬁj‘llpé‘ﬁ‘PPFF’F ohHdexamgehylenes
chosen. The cdawénei durthexmohencehe lratadyets ivsedy acaprding dot £be| Bevens-
changi ng the tiohehhtens esdbstantially Songee 1Dfe thhfl tompdrablevekier anEss,
glnlogas?ran:s?a WELRQPLEE] I @% %ﬁ?th&ﬁé 4w Aoni tH0RE E%eﬁﬁd&'rttgh%ss@ﬂﬁtﬂ hst .
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i mportant starting 15 conpounds for the preparation of cyclic lactans, in

particul ar Ex@mpiesocapronitrile for caprol actam Exampl es 20
Conpar ative Exanple 1: (Exanple 2 in DE-A 848, 654) A tube reactor
having a | an@dmpatadive rﬁﬁa@hanvn(tﬁaa@llednamtmu 849f654)6 cmwas filled
wi th 105 rri (96 g) of catalyst consisting of . 3% by wei ght of PdO on
- Si2 (remain er and the catalyst was 25 th actl at ed, t at
pressure in ?A‘n REUF e Z’g"ﬁﬂé 3 lengtﬁ 8% f‘:geg'maf}\f!' f d’r (fﬁ'ago éga'_“ﬁ F py
i ncreasing t € QefpRadran &illedgivinder il (1% Psefcea Fﬁésﬁéﬁ’p‘é& zﬁfure

had been red@ced by weiditOjodr PAC, om SHOzt (remaiindes) pi dnd m%eﬁpeWQt iwas
(ADN), 13@srithenohctivattetaitaatindspdtit/ preésinedriagehe wesursed off048 Hisours
reactor at 18Q@ a stream of hydrogen (200 1/h) by increasing the temperature
from 30°C to 250°C. After the temperature had been reduced to
120°C, a mixture of 55 ml/h of adiponitrile (ADN), 130 ml/h of
ammonia and 200 1/h of hydrogen was fed to the reactor at 180
30 bar. Under these conditions, 13% of the adiponitrile were con-
verted. The reaction mixture consisted essentially of 87% by
weight of ADN and 3.3% by weight of ACN (6—aminocapronitrile).
‘Under these conditions, the catalyst lost 3% of its 1n1t1a1 ac-
tivity per hour of operation. '
35
" Comparative Example 2: (Example 4 in DE-A 848,654)

Using 4% by weight of CuO, 4% by weight of 2n0 and 16.6% by

. weight of Co;03 on Si0O; (remainder) as the catalyst, a mixture of

40 55 ml/h of adiponitrile, 130 ml/h of ammonia and 200 1/h of
hydrogen was reacted to a conversion of 50% at 80°C and 180 bar in
the same reactor as in Comparative Example 1. The reacted mixture
consisted of 50% by weight of ADN, 40% by weight of ACN and 9% by '
weight of HMD (hexamethylenedlamlne) By .increasing the reaction .

45 temperature to 95°C, the conversion increased to 69%. The reaction
mixture consisted essentially of 31% by weight of ADN, 46% by
weight of ACN and 21% by Weight of HMD. Under these conditions,



30 bar. Under0Q3R445%H8ditions, 13% of the adiponitrile were con-

verted. The reaction m xture - consi sted essentially of 87% by wei ght of
ADN and 3. 3% by wei ght of ACN (6-am nocapronitrile). Under these )
conditions, the catalyst lost 3%of its 8nitial ac- tivity per hour -of
Brsnerat .4 00/nb 35the c@@.mn?é@tld& Eﬁaa’el e :I.I‘l(l%l%gm%lz% gf/r @&14'30@56i>?‘1t:a-f
ing 4% by wej i g o]
Cderr]g err] 0or}l 'S| %é ﬁr’lée)nng)ﬁlnég' ¥§V\§AS<9 g@cgt J'a trangx%urde ag}g;\é%o 55 nmfh
of adi poni trife §-m /h of amonia and 200 1/h of hydr ogen was reacted
to a conversi on of 50% at 80[err]C and 180 bar in the sane reactor as in

Conpar at i ve5 Bcnpairative TExanpdgc Sed(Baunlee 3 in RETH $48d6%4) 50% by wei ght of
ADN, 40% by wei ght of ACN and 9% by wei ght of HWD

(hexanet hyl enagiryrine} . bPYwd ifhiteasi A i 168Chy Greidbt! 85Es o5 U6 1D,
95[err]C, the lﬂ;ﬁék?” %’Lgrc"ai‘i st? 439(1{0::1:393 S£3G W@Ph of rHciSJpBB%tr:.le,

consi st ed ess f ACN and
21% by vvel dllt/lhoﬁ?\kydrogen UB%Oﬁ@%‘fg %o &' con-

~the ca %IWSH"@S‘E’fl%%fa‘? t7§ ?n?‘!q B0 BRY iR \EhGe FaRB FeaRtogpapain Can—y
and t he nol dipayatiae Esappls dl.y THesreachpdamanture @onsigbedrasentialky of

Conpar ati ve EsemlyewdighExafps,337% @Emlgne 664CN antisTy welighy oei ght
of CoO and 16%ady pyeiidhtedidf 208 Plactidh teh @mu&@eeb @§ & Qataaéaﬁer-a

e o Sl %%%@2&34”%; Cme ckileth *W§F Fl oigletly
t he sane m@ic‘?ggﬁg Fht of gpat4€%e%€xg lét ?léé Pﬁ?gﬁ]?lét '
consi st'ed essehtf¥R-| Fhefcatalymsdy, gth 5 f’-?&)N'n 763 h§C T ‘f PEF BEWF and
7% by wei ght of OPerHWDoanndwdrﬂéagf nies h@ltéabtémvtléﬁrpwa'@hﬁ @OPQ'SSS?ér r]C,
t he conver- 24 domtrsi.ncreased to 78% The reaction m xture consisted
essenti al | y 15 of 22% by wei ght of ADN, 48% by wei ght of ACN and 27% by
-wei ght 1}h@ catalyst lost 0.5%of its initial activity per hour

of operatlon an(§J 0% of its initial activity in the course of 24 hours.

20 Exampl e 1: A tube reactor having a length of 2 mand an internal
di ameter of & Xube;geagtor ihavdgo,pitengkhr Qf ?1‘5@"9)3 Fn'&%ﬁ%ﬁ]yéit"aﬁﬁﬁﬂ 2% ng

of 90% by viiTglem whsCHE 1EhMighnSYml dfl5RA2TB of3TabRlYRE fansdstipgoD5
and 2% by wei 9t byf whidght ahdobhe5tdbylwesighvast tiMe0; Ac3% \byt @eight of P05
at nospher i gs RS DY Byl Reifter GFUNSSO PfantiBtheuestd1yst Ghs eaerofactivated at
atmospheric pressure in the course of 48 hours in a stream of
hydrogen (500 1/h) by increasing the temperature from 30°C to
280°C. After the temperature had been decreased to 60°C, a mixture.
of 400 ml/h of adiponitrile, 930 ml/h of ammonia and 500 1/h of
30 hydrogen was fed to the reactor at 200 bar. Under these condi-
tions, 46% of adiponitrile were converted. The reaction mixture
‘consisted essentially of 54% by weight of ADN, 37% by weight of
'ACN and 9% by weight of HMD. By increasing the reaction tempera-
ture to 70°C, the conversion increased to 65%. The reaction mix-
35 ture consisted essentially of 34.5% by weight of ADN, 46% by
weight of ACN and 19.5% by weight of HMD. After 900 hours, the
catalyst still had the same selectivity as fresh catalyst, the
acti-~vity being unchanged. The catalyst moldings were still in-
tact after removal (after 900 hours).
40 '
Example 2:

A tube reactor having a length of 4.5 m and an internal diameter
of 0.6 cm was filled with 105 ml (96 g) of catalyst consisting of
45 20% by weight of CoO, 5% by weight of Mn;03, 0.3% by weight of
Ag;0, 70% by weight of Si0O;, 3.5% by weight of Al,03, 0.4% by .
weight of Fej;03, 0.4% by weight of MgO and 0.4% by weight of Cao0,



hydrogen (50959443818 ncreasing the tenperature from 30[err]C to
280[err]C. After the tenperature had been decreased to 60[err]C, a m xture.
of 400 m/h of adiponitrile, 930 m/h of ammonia and 500 1/ h of 30 hydrogen

was fed to the reactor at 200 bar. Under9these condi - tions, 46% of .
adi poni tril e_a&ﬂf @heoByeilyil whBethemddtanatedtay &tmos@ﬁﬂﬁiétgﬁdeseﬁﬁeniﬁ ally
of 54% by weigt Blr&Nos I NBUr¥CIHN sRream HEN '}@ &b Pyod/\@'/ﬁbt ppf HWD.

By increasing t Q/:e arfﬁgc'f{r?en ée%g&e:a@ur%sfrow S0t@ & ?5 dé C’Aftt ﬁ%';@éﬂ? %% 5%

increased to 0 react IO re consi s esse

by wei ght of %59 hagobesn decgepghd & - Rcﬂ' ah JHESUEE, B i
900 hours, % trile, dapanybh oft iammonial qqﬁezgan%/%afe@wnvps@n areasr rfééhtO the
catal yst, thereactaet atvid(y Hazi.nUndenc Hdregedcondit icmisal §6% ablthengdipenit-
still in- tiae wakbefok v édl. {Ré (¥¥act@Onhmiktyre 4Bnsistfod@slsentially A
\tN;gef react 0%3 @gbgi Jz@ﬂ%hh o?f Aﬂggtma g, R0158 ﬁfnabudam%erby we@bn & g][n |
CoO, 5% by B ’é?if‘ 9%9 %Eyebrea tylgﬁ‘t %gﬁgééatﬁ%%?g@ t@f %@‘%&t
'Si 2, 3.54byEiR g‘rﬂf’rﬁi‘sﬁfﬁ’s" 18- 4 By yFeactign grix eFE?‘E%ls %sﬁgn%l ght
of MyO and 0.2lkybpfwePyHey ofeight, of ADN, 5@@5by 465pht of ACN and 18
9 - and t he wdighltyof BMDB. tAfterad00 aiws,athatcarsgilysti stptledwdr €hensame t he
course of 48 fMcEivitP &6 rA@Fhotatyrifsrgenné 286k iVilty b¥ing dnthangeing the
tenperature from30[err]C to 250 C. After the tenpera- ture had been
decr eased ig)r{%%rr]g a mxture of 55 m/h of adiponit- 5 rile, 130 m/h
of ammmoni a a 6 17h of hydrogen was fed to the reactor at 180 bar.
Under these conditions, 30% of the adiponit- rile were converted. The
reaction mi xtAurtbeonepcter hayiagt a alength off 4 65 m @pdnanginteymalpiiianeteny -
wei ght of ACNfared 64&mbyaswefigiliedowith 196Dm1BY96 nry escatalyet rceastisbing of
tenperature txp . b80bgrwéight bF GQ0yes7.408 Syoﬁeiglﬁ:r *¥s8do$,0 3L 1% byheeight
QE?;L fon Mty %&geﬁwoste@dbgsé He of Faldy Af{ﬁ@ YetGhMbe ngoADI}J qféé:;% by
0 .
still had t%gé St i/caot |t %ng?el 5 dh%LH%S’bty Ly %gﬁ%elyn

unchanged. ﬁ? ExﬁPr‘B ‘éhes catal Yﬁ\tt'{ﬂf’e tt“&&c?%?"‘f?é’\ﬁdn ressy

an internal dimkheepoursefof) 4§ bBaurmsin ja pEEeap t9f Qrﬁ'aer( 9@0@) 14h) clax al yst
consi sting ofincred@ingsthe wemplrabire\ifdoms30 42 %R 502¢ giitftelr Sh€ltenher¥-by
wei ght 20 28 #Ake0RadOnsén ieckebebd €5 179263, an.Z&%rbyof\ES(gh\ztl/ﬁf obbsa i po-92%
by weight of (GaQ;,3, 4?/?]@%1")&' Q2! afthoia IndNdog O BY WoalierPlvas ££ECES] O

o 1% o UL, A5 ATl LARER S gssugg of the! Dipo-

course of- 48 ream or. % Z -
n1tr1 e were converted. he reaction mixture Consisted essenti
ally of 75% by weight of ADN, 24% by weight of ACN and 0.5% by
30 weight of HMD. By increasing the réaction_temperature to 120°c,
the conversion increased to 60%. The reaction mixture consisted
essentially of 40% by weight of ADN, 53% by weight of ACN and 5%
by weight of HMD. The catalyst had a constant activity over
100 hours.
35

Example 4:
Long-term experiment over 3000 h with catalyst as in Example 1

40 2 tube reactor having a length of 2 m and an internal diameter of
' 2.5 cm was filled with 750 ml (1534 g) of catalyst consisting of
90% by weight of Co0O, 0.5% by weight of Mn;03, 3% by weight .of

P,0s and 2% by weight of Na,0, and the catalyst was then activated
. at atmospheric pressure in the course of 48 hours in a stream of
45 hydrogen (500 1/h) by increasing the temperature from 30°C to
280°C. After the temperature had been decreased to 55°C (inlet) or
70°C (outlet), a mixture of 400 ml/h of adiponitrile, 1900 ml/h of



increasing tﬁ@WMure from30[err]Cto 250[err]C. After the tenpera-
25 ture had been decreased to 110[err].C, a mixture of 50 'mi/h of adipo-
nitrile, 130 m/h of ammonia and 200 1/ h of hydrogen was fed to t he
reactor at 180 bar. Under these conditi 3fs, 25% of the adipo- nitrile
wer e convert esmohble &wBE0000 /R &f HyRIreogefi wie Fedls $6Nthe reacablryadf 75% by
wei ght of ADMgo24%% DYuNdidkhett &GNiAENE, %ﬁbﬁ@h&eé&iﬁozﬁkrl{l&@ wedle

i nereasing tggacla Ol PTREE AL G utllona tsteh %‘&09 £l 8¢ agsed
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constant adt |5\¢|199th€?¥ 78%0ARY Ut MD3geleciigy el njours,
experi ment ovde 8608lystwisthildahad yidte agmmsmmlvetx aslofmsﬁrusetpbm.or
having a | engihle att2vityvmdiag unélkamyed.di aneter of 2.5 cmwas filled
with 750 m (1534 g) of catalyst consisting of 90% by wei ght of CoQ,

0. 5% by wei gszg(a 'él %,q err], 3% by wei ght of P205 and 2% by wei ght of
Na[ err] O, t al yst was then activated at atnospheric pressure in
t he courseof 48 hours in a streamof 45 hydrogen (500 1/h) by increasing

t he t enper at &2 ¥k BOIRAGALECR o 280[err]C. After the tenperature had
been decreased to 55[err]C (inlet) or 70[err]C (outlet), a mxture of
400 m/h of a@ peohtcatslystORasndbtaidled by the GeEA6453dsribed in Catalyst

llJOd fhmmm UaAQFacblird/ M @, fbyﬂiéweahdmszaf e¢bdP (1b85§ £asdgls @tsv 16&€0Qybar .
nder e 0 0 V

reacti on m-x Cfﬁlrg%éogp;ins dé%%s 13%1%%11%1 e Pig% } }% %Bﬁ“eri%ﬁ % gg% by
wei ght of AC25R¥ ée?lé?ﬁ |°:“\f%(s " JR
selectivity: ti’GOWh%H’é}d 3‘8 B hB‘Ur*é‘e °"1€1ﬂe5‘?,aéﬁal e %ﬁ‘?a}lleﬁaBa? h‘éh%ama
sel ectivity £olfipwing ccampogdtion: kH& byt weiaht lofi KeP urfol¥dnhEdweight Bfanpl e
5: 10 Cat allyei e PRanat bprweightAnfi Ca0), ddieakymsindex bdetiagnesb iRe,0he.

nmet hod desgy i bed in Catal yst ' Manuf acture, A B. Stiles and T.A Koch

(1995), pageZg%qj K%P@ac@yarlag AR nng?/' J O%f@é‘f %d&@ggﬁtéi%e%ggai for
|

pronoters Al ate

as calcrumc
crushi ng and e%?f’ﬁ s %Gt t%é’l%of‘? cﬁq‘ | é’d 'ﬁ%ﬁm (B ’?ﬁ‘gos e(fé‘csP’é?%surﬁ?e ang
catal yst had sppéequelpgmmlﬁgt&gmqr GROLANG GEIAR AR B /3fTRIBR 3. 0% by
wei ght of mix208ehnd 2. 3% by wei ght of CaQ, the renminder being
FeO Fe[errdsJerr]. 20 .

Experimental result

3 tube reactors connected in series (total length 4.5 m, d =
6 mm) were filled with 115 ml (303 g) of catalyst and then
30 reduced at atmospherlc pressure in a stream of hydrogen
(200 1/h). For this purpose, the temperature was increased from
50°C to 340°C in the course of 24 hours and then kept at 340°C for
72 hours. After the temperature had been decreased to 120°C, a
mixture of 55 ml/h of ADN, 260 ml/h of NH3 and 200 1 (S.T.P.)/h of
35 hydrogen was fed to the reactor at 250 bar.

After a run-up phase of about 200 hours, an ADN conversion of 47%
was obtained under these conditions. The reaction mixture
consisted essentially of 53% by weight of ADN, 38% by weight of

40 ACN and 8% by weight of HMD (ACN selectivity: 80.9%, ACN + HMD
selectivity: 98%). Such a reaction product was obtained over an
on-stream time of 400 hours.

45



(BET surface 0QR0/ 4518 n2/g, after reduction of the catalyst for ten
hours at 450'C in an H2 stream (at atnospheric pressure) and subsequent
passi vation after cooling with an air/nitrogen m xture). 25

Experimental result -3 tube reactorsldonnected in series (total |ength
4.5 m d = Eexampip eere filled with 115 nl (303 g) of catalyst and then 30
reduced at atnospheric pressure in a stream of hydrogen (200 1/h). For
thi's purpose,q, r s increased from 50[err]C to 340[err]C
in the cour se % eigge_ng% Ilé gopﬁen kept at 340[err] C for 72 hours. After
the tenperature had been decreased to 1200C, a m xture of 55 m/h of
ADN, 260 m9 H GPlNFgonriehisip contained 9).0% BY wsighfdpsyerbalds ReddthYt he
reactor at 25@&ilght. of coyjpegr, &.PHnbyiWeilghtecobimariganeseOdndduis$, bynwélpht
conver si on ofofA BYPo, Wars obtained byndessdhensy eobdltiwitratéhecopped i on
mxture  congityed, easediredlel ¥iffat3 %y phbsSHEriof 2B, 13804ty  wei ght of

40 ACN and 8%.hby. ;e g@% 19fwa|§"\@ %é@éé I(-segil’c\! ' agggna/g ﬁ@str%h sodium

SECRIRIRE A o it W R R T St Lok o

11 Exanpl goglium apgy Ih’r"sfsittepr’éﬁar'&% ilonger sdetaciiabilpoin viFhe WagBnvatrerd

9. 3% by wei glitheoodd8athus Dbtwihed wasugioghertéd cigysoen, sDuy biithevwgber of
nmanganese antnd sprhyedeig sprapftddd2O(enlét we&npebhauﬁe& Ips0dcssorhed ng
cobal t ni trats%raﬁgapﬁéterlil' Wa@tﬁ 1428864 Nk 8b8 S SH25RBA Of t& AGed |
e 10 15 AR RELO o o ?ggaeeeerat gL &k réﬁa%s AL Bttt SHEGHI "
sodi um 10 Carbaona Egie

sodi um and nit%%te r’lr%?é: 739 aLein tfé’Et Aphens 2t gR0 vffa'sh wat er . The
solid thus obtained was converted into a slurry with water and sprayed
In a spray tGher egtnhéiteempasadbtazinedvefrerrgdilcedThn a stgmaayed hpdxogen
was dried at &0GRerc]4nd Paskedated X irbuflcteniger@ituee IwitKta nddk6gewfaid M
di ameter. Jdh&enituukddates were dried at from 100 to 120[err]C and

calcined for 1 hour at 900[err]C The extrudates thus obtained were
reduced in aEs ream o,{__ {1 drog
Xperimental ‘results

270 ml autoclave (batchwise experiments)
25
Starting materials: 36 g of ADN, 54 g (89 ml) of NH; and 31 ml of
catalyst (moldings)

Catalyst: ' 66% of Co0; 20% of CuO; 7.3% of Mn3Oy; 3.6% of
30 ' MoO3; 0.1% of Nay0; 3% of H3PO; (53 g) (all
percentages are by weight)

The catalyst was treated with 20 1/h of hydrogen for 10 hours at
200°C before the beginning of the experiment.

35 ‘

Results of Example 6

Temp. / Experi- ACN HMD ACN Conver-
Pressure mental yield yield selectivity 1 sion
40 | (°c/bar] time (%] [%] [%] [%]
(h] o
50/200 5 40 13 . 76 53
50/200 6 44 17 .72 61

45 -



at 320[err](9%§9{%5a§¥§vat ed at roomterrperat en/ air 20
m Xt ure. Experinental results 270 m m!m“ H”IM Wi se

experinents) 25 Starting naterials: 36 m) of NH3 and
31 m of cat al yi2 (rml di ngs) Cat al yst :

66% of CoQ, 20% of CuQ, 7.3% of M3X4; 3.6% of 30 MbCB;
0. 1% of Na2@e 3HuQh:H3PAHA (53 g) (all per cent ages
are by wei ght) The catal yst was treated with 20 1/h of hydrogen for 10

hours at PO eehel oL e DEgoni 0g ol LGS WIBAL, orkbazayisY! S

of Exanple
Conver- 5 pr e%‘ﬁ}'r"&es h%rﬁ%ﬂtlal bydrogenafiopof allPha§éFe%’tl?1%ﬁrP§}‘ega'
si on 40 [[err](gnnthllest¢¢n§1evated[qgmperaturgg and superﬁgqospherlc [ %

50/ 200 5 pressuréOin the pk@sence of a sol¥ént and of a cathlyst, 50/ 200
6 44 yhikh comprlses u51ﬁg a catalyst wﬁﬂch45 0050/ 45518
12 W claim - 1. process or the preparation of al i phatic

al pha, one

-am nitril i al .h 4° al i.phatic
“al pha, onme "(a) cd’f"fﬁatlpfl 3sc%‘?p°é’1n VQF%%A e?‘%ﬁ%ﬁ % B 'dhL
super at nDS pher ic - 9rouRFeRsisting, of hE’-?)’F%"s'e FoRaL¥ a’-rs‘B‘I rv EREhERHIR) and
cat al yst, whixhteddgmpandes using a catal yst which 10 (a)
contains a conpound based on a netal selected fromthe group

consi sting of ni@akelcort@Rakt £rém @.01r YbhesH WP #BEght, based on'! (@f) We and
(b) cont atﬂs fromQO. ;szoﬂo‘%e%5 2584 35?1' et PPSRA eBPed ¥ ronPithd droup con-

promoter. based on a nfét%.ln o e1(>:at,l adlrur?tr,nlg etl%lﬁ?nlfplgf ium, osmium, copper,

silver, gold, chromium, molybdenum, tungsten, manganese,
- rhenium, zinc, cadmium, lead, aluminum, tin, phosphorus,
arsenic, antimony, bismuth, silicon, titanium, zirconium
20 and rare earth ‘metals and )

(c) from 0 to 5% by weight, based on (a), of a compound based
‘on an alkali metal or on an alkaline earth metal,

25 with the proviso that the component (a) is not based on iron
or iron and one of the metals selected from the group con-
sisting of cobalt, ruthenium and rhodium when (b) is a pro-
moter based on a metal selected from the group consisting of
titanium, manganese, chromium and molybdenum, and with the

30 further proviso that, when a cdmpound based on only ruthenium
or rhodium or ruthenium and rhodium or nickel and rhodium is
selected as component (a), the promoter (b) may, if desired,
be dispensed with.

35 2. A process as claimed in claim 1, wherein the catalyst is a
supported catalyst. '

3. A process as claimed in claim 1, wherein the catalyst is an
unsupported catalyst. '
40 S _
4. A process as claimed in any of claims 1 to 3, wherein the
hydrogenation is carried out in a suspension.

5. A process as claimed in any of claims 1 to 3, wherein the
45 hydrogenation is carried out in a fixed-bed reactor. ..
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be di spensed W th... 33 3artASEle %%e_s§ aﬁf&‘l gloneg jdped.aim1l, wherein-the
cat al yst 17&91 supported cat F A process as clainmed in
claim1l, erein the catalyst "is an unsupported catal yst. 40 4,
A process as clained in any of clains 1 to 3, wherein the
hydr ogenation is carried out in a suspension. 5. A process as clained
in any of clains 1 to 3, wherein the 45 hydrogenation is carried out in
a fixed-bed reactor. ' 0050/ 45518 _ 13
6. A pr ss as clainmed in any of clains 1 to 5, wherein the
al pha, omega-dinitrile used is adiponitrile, 6-am nocapro- nitrile
bei ng obt ai ned. 5 7. Aprocess as clained in claim6, wherein the
hydrogenation is carried out at from2 to 40 Mra. 8. - A process
as claimed in claim6 or 7, wherein the hydrogena- tionis carried
out at from30 to 150[err]C 10
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Preparation of aliphatic alpha,omega—aminonitriles
Abstract

Aliphatic alpha,omega-aminonitriles are prepared by partial
hydrogenation of aliphatic alpha,omega-dinitriles at elevated

'temperatures and superatmospheric pressure in the presence of a

solvent and of a catalyst by a process which comprises using a
catalyst which :

(a) contains a compound based on a metal selected from the group
consisting of nickel,. cobalt, iron, ruthenium and rhodium and

(b) contains from 0.01 to 25% by weight, based on (a), of a pro-
moter based on a metal selected from the group conSistihg of
palladium, platinum, iridium, osmium, copper, silver, gold,
chromium, molybdenum, tungsten, manganese, rhenium, zinc,
cadmium, lead, aluminum, tin, phosphorus, arsenic, antimony,
bismuth, silicon, titanium, zirconium.and rare earth metals
and

(c) from 0 to 5% by weight,_baSed on (a), of a compound based on
an alkali metal or on an alkaline earth metal,

with the proviso that the component (a) is not based on 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 further proviso that, when

‘a compound based on only ruthenium or rhodium or ruthenium and
"rhodium or nickel and rhodium is selected as component (a), the

promoter (b) may be dispensed with.



