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phosphorus, arsenic, antimony, bismuth and rare earth metals,
- and

25 (c) from 0 to 5, preferably from 0.1 to 3, % by weight, based on
(a), of a compound based on an alkali metal or on an alkaline
earth metal,

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

30 iron and one of the metals selected from the group consisting of
cobalt, ruthenium and rhodium if (b) is a promoter based on a
metal selected from the group consisting of titanium, magnesium,
chromium and molybdenum, and with the further proviso that, if a
compound based on only ruthenium or rhodium or ruthenium and

35 rhodium or nickel and rhodium is chosen as component (a), the
promoter (b) can if desired be dispensed with.

The disadvantage of this process is the formation of by-products
which are very difficult to separate from the

40 alpha,omega—aminonitriles, such as 6—aminocapronitrile or any
further useful products, such as adipodinitrile and
hexamethylenediamine in the case of 6-—aminocapronitrile as the
alpha,omega—aminonitrile.

45 For example, in the hydrogenation of adipodinitrile to
6—aminocapronitrile and hexamethylenediamine, inter alia
l-amino—2—cyanocyclopentene (ICCP), 2—aminomethylcyclopentylamine
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We have found that this object is achieved by a process for the
preparation of aliphatic alpha,omega—aminonitriles by partial

30 hydrogenation of aliphatic alpha,omega—dinitriles in the presence
of a catalyst which

(a) contains iron or a compound based on iron or mixtures thereof
and
35
(b) contains from 0.01 to 5% by weight, based on (a), of a
promoter based on 2, 3, 4 or 5 elements selected from the
group consisting of aluminum, silicon, zirconium, titanium
and vanadium and
40
(c) from 0 to 0.5% by weight, based on (a), of a compound based
on an alkali metal or on an alkaline earth metal, wherein the
alpha,omega-dinitrile used contains 1.0 ppm by weight or more
of phosphorus.
a5
We have also found catalysts which are obtainable by the
reduction and, if required, subsequent passivation of a
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25 iron oxide hydroxides, such as magnetite, which can ideally be
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described by Fe;03 * H;0, or red hematite, which can be ideally be
described by Fe,0s.
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30 Other preferred catalyst precursors are those in which component
(b) contains from 0.01 to 5, preferably from 0.1 to 4, in
particular from 0.1 to 2, % by weight of a promoter based on 2,
3, 4 or 5 elements selected from the group consisting of
aluminum, zirconium, silicon, titanium and vanadium.

35
Further preferred catalyst precursors are those in which
component (c) contains from 0 to 0.5, preferably from 0.02 to
0.2, % by weight of a compound based on an alkali metal or on an
alkaline earth metal, preferably selected from the group

40 consisting of lithium, sodium, potassium, rubidium, cesium,
magnesium and calcium.

The novel catalysts may be unsupported or supported catalysts.

Examples of suitable carrier materials are porous oxides, such as
45 alumina, silica, aluminosilicates, lanthanum oxide, titanium

dioxide, zirconium dioxide, magnesium oxide and zinc oxide, and
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25
Suitable precursors of components (c) are as a rule readily
water-soluble salts of the above-mentioned alkali metals and
alkaline earth metals, such as hydroxides, carbonates, nitrates,
chlorides, acetates, formates and sulfates, preferably hydroxides
30 and carbonates.

The precipitation is effected in general from aqueous solutions,
alternatively by adding precipitating reagents, by changing the
PH or by changing the temperature.

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

Calcination is usually carried out at from 150 to 500°C,
40 preferably from 200 to 450°C, in a gas stream comprising air or
nitrogen.

After the calcination, the catalyst material obtained is
generally exposed to a reducing atmosphere (activation), for

45 example by exposing it at from 200 to 500°C, preferably from 250
to 400°C, for from 2 to 24 hours, to a hydrogen atmosphere or a
gas mixture containing hydrogen and an inert gas, such as
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the pore volume distribution determined by Hg porosimetry
according to DIN 66133, is from 0.03 to 0.1 pm.

The pore volume fraction of the pores having a dimension of from

25 0.01 to 0.1 um of the novel catalysts, read from the pore volume
distribution determined by Hg porosimetry according to DIN 66133,
is from 50 to 70% by volume. :

The catalysts can be used as fixed-bed catalysts in the liquid
30 phase or trickle-bed procedure or as suspended catalysts.

The starting materials used in the novel process are aliphatic
alpha,omega-dinitriles of formula I

35 NC~(CH3)n—-CN I

where n is an integer from 1 to 10, in particular 2, 3, 4, 5 or

6. Particularly preferred compounds I are succinonitrile,

glutaronitrile, adipodinitrile, pimelonitrile and suberonitrile,
40 very particularly preferably adiponitrile.

The dinitriles of the formula I contain 1.0 ppm by weight or more
of phosphorus. Dinitriles whose phosphorus content, determined by
atomic emission spectroscopy after acidic digestion of the ADN,
45 is from 1 to 100, preferably from 1 to 20, ppm by weight, based
on the dinitrile I or the dinitrile mixture containing dinitriles
of the formula I, are suitable. The phosphorus may be present in
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6, in particular 4, ie. 4-aminobutyronitrile,
5-aminopentanenitrile, 6-aminohexanenitrile
(6-aminocapronitrile), 7-aminoheptanenitrile and

25 8-aminooctanenitrile, particularly preferably
6-aminocapronitrile.

If the reaction is carried out in a suspension, temperatures of
from 40 to 150°C, preferably from 50 to 100°C, particularly

30 preferably from 60 to 90°C, are usually chosen; the pressure is
generally chosen in the range from 2 to 30, preferably from 3 to
30, particularly preferably from 4 to 9, MPa. The residence times
are essentially dependent on the desired yield and selectivity
and the desired conversion; usually, the residence time is chosen

35 so that a maximum yield is achieved, for example in the range
from 50 to 275, preferably from 70 to 200, minutes.

In the suspension procedure, preferably used solvents are

ammonia, amines, diamines and triamines of 1 to 6 carbon atoms,
40 such as trimethylamine, triethylamine, tripropylamine and

tributylamine, or alcohols, in particular methanol and ethanol,

particularly preferably ammonia. Advantageously, a dinitrile

concentration of from 10 to 90, preferably from 30 to 80,

particularly preferably from 40 to 70, % by weight, based on the
45 sum of the dinitrile and solvent, is chosen.



[err] whe0@5Q/A8878&he above- nenti oned neani ng, preferably in the 20
presence of a solvent and using a catalyst. Particularly preferred
aninonitriles Il are those in which nis 2, 3, 4, 5 or 6, in particular
4, ie. 4-aninobutyronitrile, 5-am nopgntanenitrile, 6-am nohexanenitrile

6- anm nocapr e t.1.l . ~£- Al pt.angnj L 1. -am tangnitdrile,
E)art I cul ar Fyfgér‘ £ eAru%%I of é%%% (E)'% gggén]i[%]jlﬁlltgﬂgsgé ?[8? Ei:fehg(% rgg‘agt\:%ngdl”s
carfied out ?neaersﬁg‘ﬁeﬁg?’&n, Y% ffer At DY SEeight, bpsed o ths #mARRt (qic,
preferably ARS8t err]C, particularly 30 preferably from 60 to
90[err]C, are usually chosen; the pressure is general |y chosen in the
range frons2rhe spepstbermpinodenafiontcan be3@arpdéd icut dakynpiss esmbl y

from4 to 9, pM¥erabl§,’ esheaiiRistyESs a AR gﬁSEHéifﬁédiddgﬂggg?nt on the

desired yield and selectivity and the desired conversio usual ly, the

id ti I s _chosepn 35 so that a maxinumyield is achieved, for
(ragzlrrpfgcsn {ﬁge Irpzfﬂf é"""i H¥$’6?ﬁ%’(§tt"8n2‘?%? S PEaBRYT Fed AukobRECHWIRe @yt es.

I n the suspefRHEPUSUSLEILR & Gixefichbad| xeaptes byl vhettripkde-bednomniiguid
am nes, di@nphase prdcedinei nemadflylat terpenmitihoe af ofimom 20 sochsex,

tri met hyl am pse fdriabayhgami 8te tol 1R ps@PMn@ aNprédsre 0E, PHEYL A NE, £2bm 2
al cohol's, i ncpagg,i %E@érgﬁ§1% ang, eZ;d],aWa’ beiRG dHSEEnA" bie E%%Eteir bl'y

amoni a. Ady \ | nitrl concentratfon . of from
preferably fmn‘?%%:ltgghép £ %ﬁgrffaf%%f%r(f%fwgf 8Pgb+'§/qf}}eoﬁﬁr35ef‘6e. - B by
wei ght , base%oolovr?nt ePHSISTARYY: afmenif nidnines  afianinese#nd t5ianinas of 1
0050/ 4837%5 to 6 carbon atoms, such as trimethylamyne, thietagbdaminef catal yst
i s general | ytripopylanibe dndrribubyfdnine, piehRr&ldohdll,0prdféfads % by
wei ght, basesetdanoheandDetanfl, pafiiddldd1§ peeferably BRfofYsSPEASiON
hydrogenati gy &an-RE &AESdGkaRYt aR 50 cBhrent J¥ b2 Yo LHN) NUOUSIY,

as a rule i |t qui h . e partlial., nati on can al so be
carried o rboéae{k%ﬁﬁnbsg %"F(Pm%sggngi’n%o‘t%ﬁf o ﬁdf‘?‘?\:'é](f%g& r8athefery & he
trickle- b%{‘i ‘%?rtﬁ(iﬁ?&ﬁi BPaee JdOsiby Rbdtrd Oudubeld- & mEeferably efxsm Or3m 20
to 150[err]&o 1.0, kg of adiponitrile/l*h is preferably chosen. Here too,

the conversion and hence the selectivity can be controlled by

changing the residence time.

25 The partial hydrogenation can be carried out in a conventional
reactor suitable for this purpose.

In the hydrogenation, a mixture which contains
6-aminocapronitrile, hexamethylenediamine and adipodinitrile is
30 obtained.

6-aminocapronitrile, hexamethylenediamine and a fraction

containing essentially adiponitrile can be separated from the

mixture in a manner known per se, preferably by distillation, for
35 example according to DE-A 195 002 22 or German application

19 548 289.1, simultaneously or in succession.

The adiponitrile obtained by the novel process can be used again
for the partial hydrogenation to hexamethylenediamine and

40 6—aminocapronitrile, acidic treatment of the ACN to be recycled
being carried out to avoid an increase in the level of
by-products which prevent on-spec preparation of
hexamethylenediamine and/or 6—aminocapronitrile and/or adversely
affect the time-on-stream of the catalyst for the partial

45 hydrogenation.



preferably fooB0Za8334120[err]C, and a pressure of, as a rule, from?2 to
40, preferably from3 to 30, MPa bei ng chosen. The parti al hydr ogenat i on
is preferably carried out in the presence of a sol vent, preferably
anmoni a, ami nes diami nes and triamnesgof 1 15 to 6 car bon atonms, such as
trimethyl am t hyl | propyvl am_ne andtrlbut Iamne or an
-al cohol , pre { cfée% wog%l lees 8%8%&%% g4 65‘?‘ Peu Jl’llesf’ [3‘ ePS?dolbI

amoni a. | n &8¢ VéftéFFe CARPIRPES COPRE ACCOr A RE tA tth@ 10,
preferably fiBygntics bave %eﬁubjt@ntaalbbrﬂqnqqretmemeam 29 catal yst
space vel oci tymindtiom ®ith thidh ACNpselertabiityf,r ehad. Somparablé. Prideg ak

adi poni tri becatdlystsnr eher &lha ,Chegehantiesfithi@%es ard NangoRRUAE SE LA ARG

hence the sel&gidutidsy F6RNRE rUYakALEEH &Y cyc1GhaDYE NG d hq of Eﬁw’?&ﬁ% 171 me.

25 The partl [ C E car out in a corvéntfona
react or sui tg %C%%?ﬁ?%{:%ﬁire gfg’é capro#?lett ks hydrogenation, a mxture
whi ch cont ai ns 6- am nocapronitrile, hexanethyl enedi am ne and

adi podi ni tri¥® the Zxagpleshed. 6- ami nocapronitrile,

hexanmet hyll@n®&blil am ne ahsl a fract edbpodimiditidieni ng essentially adi ponitrile
can be separg¢wed from ghe mxgu&@m&@r@;ﬁ%ﬂlgnom per se, preferably

by distillatggp, for 3p5exanple &95 002 22 or German
application 19 548 2?39 1, si m%ggﬁ&l{}%ekgd%n successi on. The

adi ponitrile PHbt ai ned Y the novEf® pro &a% FYSEQPFEane f or t he
partial hydr'§eifati on 8 hexanet hytBitiZnimieonekhvieyslanpaberpronitril e,
acidic trédtnent of the ACN to be recycled being carried out to avoid an
i ncrease i n Bxmndlevael of by- products whi ch prevent on-spec preparation
of hexanet hyl enedi am ne and/ or 6-am nocapronitrile and/or adversely

affect the tj a atalyst for the partial 45 hydrogenation.
0050/ 48374 Jre @aﬂ:a'iﬁ/s‘?: B}%a}mogl 8 The novel process gives

al pha, omaga amnonitriles in good selectivities. Furthernore, the
cat al yst s?¥sed attorditadyed 3o PreDRRORIRY GiPaAtdPe A MAENRtE aFeyEdmRjer
ti me-on-stream ilpurs esnbsOA ivmdewi hithogen ACResBaguat itiet pret haed danpahabl e
prior art 5 catfdlekdngToempdgitdionseyas &Y M¥lighti bESF&y @ .0MROBY ddight
starting conuerinds 59634 & Rie3RBEALE W 00 . 0YU8! b d&rA ™™r MG, p@rfl%cwyar
weight of Si and 0.01% by weight of Ti, the remainder being
25 oxygen. The sum of the promoters from group b) is 0.19% by
weight and the sum of the promoters from group c), calculated
as oxides, is 0.11% by weight.

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

30 sieve fraction having a particle size of from 3 to 6 mm was
separated off by sieving. The oxidic catalyst was reduced in
an H;/N; stream at 450°C for 72 hours. After cooling to room
temperature under nitrogen, the Fe catalyst was passivated
with an N/air stream (for 24 hours with 1% of air in

35 nitrogen), it being ensured that the temperature in the
catalyst bed did not increase above 45°C.

b) Partial hydrogenation of ADN to ACN.

40 A tube reactor (length 180 cm, d = 30 mm) was filled with
740 ml (1,819 g) of the catalyst material prepared according
to (a) and reduced at atmospheric pressure in a hydrogen
stream (500 1 (S.T.P.)/h). The temperature was increased from
30°C to 340°C in the course of 24 hours and then kept at 340°C
45 for 72 hours.



6-'em' nocapr cd050/48374r caprol actam " In the exanpl es: 10 ADN i's

adi-podinitrile ACN S 6-am nocapronitrile HVD

s hexanet hyl enedi am ne DCH S cis +

trans-1, 2-di ani nocycl ohexane AI\/CPA s t
1amn02amno cl entae al

preparation @é e&rgé cg Eﬁe eacrrergc%sﬁ h%a’{"r’fw%j’r ﬁg é?l’?]e/hoﬂg
for six hichiwes émperaﬁd o k rdrhuadipre r?d%éﬁ’?i—'@g%‘l"e used
had t he fQﬁﬂWn@H@%hm‘m thiadna plrosphornei gheterit & 40pomobLY wei ght
of Al, 0.03% by wesiighitt, 660 Gal /1) c¥4miynieigit 500 My(s Or.PLYBYof hydrogemi ght
of Si and §. 01%vne Weldgbb e HeackBe A€MBEOGRL.being 25 oxygen. The sum
of the pronoters from group b) is 0.19% by wei ght and the sum of the

pronoters from oxides, is 11% b

cal cul at ed
The cool ed nel t%ﬁocka\/\/ﬁgm&’oﬁntﬁﬂ‘?eaf 409 g\ﬁu(‘f?ug'ﬁeé reackignspe per: %§9e
fracti on having ¥ ga%Fcl ALy selerbivitn dag fesrgased only separated of f
by sieving. The imdignificantintirams50edieeiBd with a corartam?/ dBneérsiam at
450[ err] QOor 7Zarmbeoastaiit efotalokeDct Ivit3ONACN + HMD LRHECHOE UbRetiRIRS
nitrogen, the FaaahakyshiNes iR@sSSi vat ed with an N2/air stream (for
24 hours with 1%of air in 35 nitrogen), it being ensured that the

tenperature int st._bed did not increase above 45/ err]C
b) inartiaI hydr eﬁ&PF‘aﬂt ‘?aftRﬁﬁ A pparged fhydpggenatdep mxtairgt h 180

cm d = 30 mm) WS RirPPRPRE iy Welght 7orped op1EMRY g) of the catal yst
mat eri al Jp’i'epared accordi ng to (a) and reduced at atnospheric
pressure in a hymieogentent of aycPRaih (&Y dlischalgddl )HytrogehstiSnnelayee
was increased fr@ 50 ppm RPMiIGhE, L BadO[RY kb, N the course of 24 hours

and then kept at 340[err] C™45 for 72 hours. 0050/ 48374
9 After the tenp ’{agit#re had decreased, a mxture of 400 m/h of
ADN whi ch waS™BPERLIEY § €, 3- but adi ene and hydr ogen cyani de ( HCN)

and had a&2®hosphorus content of 4 ppm by
a) Catalyst preparation

Heating a mixture of magnetite, potassium carbonate, Al,0; and
calcium carbonate, crushing the solidified melt and sieving
25 according to A.B. Stiles, T.A. Koch, Catalyst Manufacture
(1995), pages 167/168, gave an oxidic material of the
following composition:
1.1% by weight of K;0, 3.0% by weight of Al,0;, 2.3% by weight
of Ca0, 0.11% by weight of Si, 0.01% by weight of Ti,
30 remainder Fe oxides.

This material was then reduced in an N,/H, stream at 450°C for
72 hours, passivated with an Nj;/air mixture (for 24 hours
with 1% of air in nitrogen) at room temperature, the

35 temperature in the catalyst bed not increasing above 45°C,
and washed with water for 7 days.

The catalyst material obtained had the following composition:
1.2% by weight of Al, 0.74% by weight of Ca, 0.02% by weight

40 of K, 0.11% by weight of Si, 0.01% by weight of Ti, remainder
Fe/Fe oxide. The sum of the promoters from group b) is 1.32%
by weight, and the sum of the promoters from group c¢),
calculated as oxides, is 1.06% by weight.

45



wei ght, 660 0050/48324nonia and 500 1 (S.T.P.)/h of hydrogen 5 was fed
to-the reactor at 250 bar. After a running tinme of 2,000 hours at a
reaction tenperature of 120[err]C, the ACN selectivity had decreased
onfsy insignificantly from 50%t 01618%w| th a constant conversion 10
and const anty { ot % over the t ot al
‘running ti meb} ﬂr&g%&ghﬁg %(%‘#t&ggf 5%} h(%%dl scharged hydrogenati on

m xt ure was 000 Q based on HVD. 15 The cont ent
of AMCPA in the %Il*s‘ﬁq?alrgéﬁ P d Jfﬁj’@ﬁgt 180 eHxidie30 mm) wag$iddedpwitly

wei ght, based on74vml (181Cogparfattheccekahydte nderial)pregiaxieds hcpordiarat i on
Heating a &i Xt ureo ofa)ragaetédiced ataagndsperikopabesuid 233 a2Rgdrogen

cal ci um car bonat&réaimbbagltmas.@ AN eﬂléfﬁéefxl\.gasa eotE WY i%rea 3%{5
T%n:

according to A B €S400l S act

pages 167/ 168, Eooét%h :3‘)1(? ﬁ%r?% #hg‘l ours Lél ggﬁnﬁe%to

1.1% by wei ght o Pﬂ’}rss 0% by wei ght of A1203, 2.3% by wei ght

of CaO 0.11% by weight of Si, 0.01% by wei ght of Ti, 30 renmai nder- Fe
oxi des. 10 Afttiex rtheetemermmhhadrmtmmeidm amitui2 oifr ganml/h of
450[err]C for ADN, whichowas pmi&euafﬁ@hvm tjlb&ﬁa&i&ié ldrd hyBksgar e (for

24 hours o1 i i r t he 35
Camerature in tvn:mdg qBENR dnd RaBi h' LS BIH;é %fq gﬁﬁ by

t alyst d t |ncrea5| and
washed with water %’fg%% kéﬁ S ‘f%@ 'rp QI/LOBFa}?mgﬁgd
the followi ng cdfffo §refi| the rea"t?rz%' Wd3Ght of AI 0. 74% by wei ght of
Ca, O. 02%%y wei ght 40 of K 0.11% by wei ght of Si, 0.01% by wei ght of
Ti, remainder After Ber@ening demeTh€ 2000 dfomrbeaﬁrmrﬁaatiohreémﬁﬁﬂmﬂ) i's
1. 32% by efeiigotc, atkk et SUTeOtivitsy MaMBLEFsadddOFronOMP: Go 25%

cal cul ated as 0x%}i48Sa ESndt A0 vELL I -and Ronstant &Q:‘Eéq/ ég§2ét1v1.ty

10 (ACN + HMD) of 99% over the total running time.

20
The content of DCH in the discharged hydrogenation mixture
was 4,000 ppm by weight, based on HMD.
The content of AMCPA in the discharged hydrogenation mixture
25 was 150 ppm by weight, based on HMD.
30
35
- 40
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b) Partial hQ@504483%&on of ADN to ACN A tube reactor (length 180
cm. d =30 mMm was filled with 740 m (1819 g) of the catalyst

mat eri al prepared according 5 to (a) and reduced: a

préssure in a hydrogen stream ($P0 1 (STP)/h l] ﬁHBE'Hm
was increased from 30[err]Cto 340[err]C in the €0oWws

and then kept at. 340[err]C for 72 hours. 10 After the
tenperat ure T Eased, a nixture of 400 ni/h of ADN, which was
pr epar ed from 1, 3- but adi ene and hydr ogen cyanide (HCN) and had a
phosphor us cbnt ePtoasfss4 fppnthey preparatien ghff ,aldpbati¢ halghaarmoni a and 500 1
(S. T.P.)/ hsof hysliexgeaminonitrites bedpastidle hyareyenation’ ¥ Baiphddic

After a running 4jdm,Qhed08i il edt i €162 fé%@nESn@@réudgﬁilyst whidyf
120[err]C, the A sel ectivity had decrease from 40% to 25% wth a

constant conversjon and gonstant total selectivi (ACN + HIVD) of
99% over the tot&t r‘fﬁ‘}gﬁaﬁ St HhB" Pp @ compou eb gt ippn I:5C§I—|“P'Pfttlﬁ%5

di schar ged hydr ogenathefeok apdre was 4,000 ppm by weight, based on
HWVD. 10 The content of AMCPA in the di scharged hydrogenati on m xture

25 was 150 p@n yoniiight frémsed10roHb®. by weigh®, based®n (a),48f a 45
promoter based on 2, 3, 4 or 5 elements selected from the
group consisting of aluminum, silicon, zirconium,
titanium and vanadium and

15
(c) from 0 to 0.5% by weight, based on (a), of a compound
based on an alkali metal or on an alkaline earth metal,
wherein the alpha,omega-dinitrile used contains 1.0 ppm
by weight or more of phosphorus.
20

2., The process as claimed in claim 1, wherein the catalyst is
obtainable by reduction and, if required, subsequent
passivation of a magnetite and has a BET surface area of from
3 to 10 m?/g, a total pore volume of from 0.05 to 0.2 ml/g,

25 an average pore diameter of from 0.03 to 0.1 um and a pore
volume fraction of from 50 to 70% in the range from 0.01 to
0.1 um.

3. A process as claimed in claims 1 and 2, wherein an iron oxide
30 or a mixture of iron oxides is used as the compound based on
iron.

4. A process as claimed in any of claims 1 to 3, wherein a
promoter based on aluminum, silicon and vanadium is used.
35
5. A process as claimed in claims 1 to 4, wherein the catalyst
is a supported catalyst.

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

7. A process as claimed in any of claims 1 to 6, wherein the
dinitrile used is adiponitrile, 6—aminocapronitrile being
obtained.

45 '
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0050/ 48374 0050/48%@4c| ai m - 1 Process foF’The pre tg
al i.phatic alpha, 5 onega-am nonitriles by par m n of
~ali phatic al pha, onega-dinitriles in the pr cat al yst which

(a)- contains iron or a conpound based ofgiron or mxtu‘res

thereof and 40 A procegg) goﬁdfin[é% f I;log}l% B il%.l?é) by Y& %ect sed on (a),

of a enents s fromthe

te
group consi sting- I?ur%al?ﬁoﬁﬁ Tefarakdn’ of [egfiperapronitrile apf, o ym and
vanadi um and 15 examethylengdipmime SLar LR, LA gREPORHEdORY(a), of a
conpound based on an alkali netal or on an alkaline earth netal,
wher ei n t h® al phel onemget-idilnhydrdgensddnc ofit adiywonlit@ippnin the presenby of
vei ght or nore of phospitenyst, 20 mixthre EBBLAIMGRS -aﬁlﬁdaééﬁﬁﬂulth%a' m 1,

wherein the CatalySthéﬁémeth len éﬂﬂygbgﬁdedééﬁyggfﬁgg ﬁéﬁh%;obtagﬁg&r and

subsequent passi vatlon of a magnetit urface afea of
from 3 to 10 r%)rr /g, a total pore volunme of fromO0.05 to 0.2 n/g,
25 an aver agt potPI@taRBEt 8F Gramingerpronityile aneP‘Ff%ﬁ‘WlﬁnﬁGF@“lne
volume frd@tion of ffxem Shetwi¥oese.n the range from0.01 to .1
[err]m 3. A process as claimed in clainms 1 and 2, wherein an |ron

oxi de 30 , 20 @ﬂf‘d&‘é%eaé?fcle{ﬁ{édolh aﬁyléff lt!:ilﬁ‘imﬁsltﬂ? @g%\%}!{:}‘ggg P‘fﬁd on
i ron. Q :
pr onot er based olﬁ;élﬁ%f‘?’r%hﬁﬁg?}?&sa% [%%ﬁagﬁﬂ%nla{ld%u%hggeﬁ%leodl 35 5. A

process as claimed in clains 1 to 4, wherein the catalyst s a
suppor t edl®at%l Atprocessgas @%@eég anry Qfaichedms nl a8 &of wheaehs the o 5,
wherein the 40 hydrnogeahyion iis smarvnedppot tisd ac ff adéd-ied reactor.

11. A process as claimed in any of claims 1 to 10, wherein the
alpha-omega-dinitrile [sic] used was obtained by
20 hydrocyanation - in the presence of phosphorus-containing
catalysts - of an alpha-omega-diene [sic] having two fewer
carbon atoms.

12. A catalyst which is obtainable by the reduction and, if
25 required, subsequent passivation of a magnetite, containing

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

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

(c) from 0 to 0.5% by weight, based on (a), of a compound
35 based on an alkali metal or alkaline earth metal,

the catalyst having a BET surface area of from 3 to 10 m2/g,
a total pore volume of from 0.05 to 0.2 ml/g, an average pore
diameter of 0.03 to 0.01 pm and a pore volume fraction of

40 from 50 to 70% in the range from 0.01 to 0.1 um.

45 This Sheet Has Been Replaced
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7.7 A proces@050/4B37Aed in any of cIéLﬂs_i—%e~6'“vﬁE?ETﬁ’the

dinitrile used is adiponitrile, 6-am nocapronitr _ obt ai ned.
45 \\“\“\;\m “\m‘\i AVENDED SHEET
0050/ 48374 process as clainmed in
any of clains 1 to 6 for the Si rrul”taneous preparation of

6- am nocapr o d 8%a I e 2 from

adi ponitril egﬁ%/ﬁ&%'l%% ofl?l:b%ha{k )aél gﬁéggogen | %“gg?éi%f ploerr%?t rile in the
presence of a catalyst, a m xture containing

6- ami nocapr oAP$EFaQL hexanet hyl enedi ami ne and adi ponitrile being
obt ai ned, &nd (2) isolation of 6-am nocapronitrile and
hexanethylenﬁﬂiﬁmaﬁmt ®Qpha, omega-fanifohitriied Wre. prepafed iA phecpsesearce
claimed in agy ofcLlAivER dhiéh &,on\ggg_;,gl n the hydrogenation is
carried out In a suspen5|on 15 10. A process as clalned I n any of clains
1 to 8, wherein drogenation is carried Qu |x d- bed
react or . (ii lﬁ°‘br%€s§°§‘ OBRQ; q ﬁnaﬁ§°?)f°rclaaf“f’r§ r?ot erein the
al pha, oned®-dinitrile used was obt ai ned by hydrocyanation - 20 in the

presence of Khpsfhonud-Coroabhi by weltglitysbased odn A=), of a promoter based
al pha, onega- di engnh2ying 4 we beybsmeriDee18t06& . from a2froup consisting of
aluminum, silicon, zirconium, titanium and vanadium and

15 (c) from 0 to 0.5% by weight, based on (a), of a compound based
on an alkali metal or alkaline earth metal, by a process in
which the aliphatic alpha,omega-dinitrile used contains
1.0 ppm by weight of more of phosphorus.

20 Catalysts are obtainable by the reduction and, if required,
subsequent passivation of a magnetite, the catalysts having a BET
surface area of from 3 to 10 m?2/g, with a total pore volume of

from 0.05 to 0.2 ml/g, an average pore diameter of from 0.03 to

0.1 mm [sic] and a pore volume fraction of from 50 to 70% in the .
25 range of from 0.01 to 0.1 mm [sic].

30
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AMENDED SHEET 0050/ 48374 Preparation of aliphatic alpha,
onega-am nonitriles Abst ract 5 Aliphatic alpha, onega-aninoni-tril es
are prepared in the presence of a catpjyst which cont ailm iron or —
a conmpound based on iron or a mxture thereof, 10 (b) 1”” I[Mﬂ y
wei ght, based on (a), of a pronoter based on 2, 3, *4 er

sel ected froﬂ?a‘ﬂgar o consisting of al umi num silicon, zirconi'um*

titanium and vanadiumand 15 (c¢) fromO to 0.5% by wei ght, based on (a),
of a conpoundl. baBeascess for bhe gpreddraltionedfilaldphathial alghaearth nmetal, by a

process ins omega—aminonitriles by partial hydrogenation of aliphatic
alpha,omega—dinitriles in the presence of a catalyst which

(a) contains iron or a compound based on iron or mixtures
thereof and
10
(b) contains from 0.01 to 5% by weight, based on (a), of a
promoter based on 2, 3, 4 or 5 elements selected from the
group consisting of aluminum, silicon, zirconium,
titanium and vanadium and
15
(c) from 0 to 0.5% by weight, based on (a), of a compound
- based on an alkali metal or on an alkaline earth metal,
wherein the alpha,omega-dinitrile used contains 1.0 ppm
by weight or more of phosphorus.
20
2. The process as claimed in claim 1, wherein the catalyst is
obtainable by reduction and, if required, subsequent
passivation of a magnetite and has a BET surface area of from
3 to 10 m?/g, a total pore volume of from 0.05 to 0.2 ml/g,
25 an average pore diameter of from 0.03 to 0.1 um and a pore
volume fraction of from 50 to 70% in the range from 0.01 to

0.1 pm.

3. A process as claimed in claims 1 and 2, wherein an iron oxide
30 or a mixture of iron oxi. :s is used as the compound based on
iron.

4. A process as claimed in any of claims 1 to 3, wherein a
‘promoter based on aluminum, silicon and vanadium is used.
35
5. A process as claimed in claims 1 to 4, wherein the catalyst
is a supported catalyst.

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

7. A process as claimed in any of claims 1 to 6, wherein the
dinitrile used is adiponitrile, 6—aminocapronitrile being
obtained.

45
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ithi ch t he alogBoW483?®d pha, onega- d| nitrile used cq%!'!{l luuum pm by
wei ght of nore of phosphorus. 20 Catalysts are o ”]ﬂ‘loreductlon
add, if required, subsequent passivation of ‘a rragnetlte tthe*cat al ysts
havi ng a BET surface area of from34t0 10 nferr]/g, wth a total pore

|. fooof from 0. 03
{0 "ot mAtsirienaea’se ddluet el HORTAI L AR §§EZH§.L°{“he 25

range of from O. ﬁ?ﬁ[‘“’tl&aﬁe‘i R a('f]'“‘tmn 'S aminocapronl

hexamethylenedlamlne starting from adiponitrile by
5 (1) partial hydrogenation of adiponitrile in the presence of
a catalyst, a mixture containing 6-aminocapronitrile,

hexamethylenediamine and adiponitrile being obtained, and

(2) isolation of 6-aminocapronitrile and hexamethylenediamine
10 from the mixture.

9. A process as claimed in any of claims 1 to 8, wherein the
hydrogenation is carried out in a suspension.

15 10. A process as claimed in any of claims 1 to 8, wherein the
hydrogenation is carried out in a fixed-bed reactor.

11. A process as claimed in any of claims 1 to 10, wherein the
alpha,omega-dinitrile used was obtained by hydrocyanation -
20 in the presence of phosphorus-containing catalysts - of an
alpha,omega-diene having two fewer carbon atoms.
25
30
35

40

45

AMENDED SHEET



