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a brocess Gfndiiatipussor palladium catalysts at from 100° to 160°C and under pressures
ranging from 1 to 1000 atmospheres to produce 6~-aminocaproates. EP-A
25 376,121 describes this reaction also for ruthenium catatysts, the process being
carried out at temperatures ranging from 80° to 140°C and under pressures rang-
ing from 40 to 1000 bar.

b Cobalt, copper, and rhenium catalysts are suitable for the hydrogenation of adi-

' 30 podinitrile to hexamethylene diamine in the presence of ammonia, as stated in
US-A 3,461,167, column 3, lines 66 to 74. The process is preferably operated at
from 70° to 170°C and from 300 to 7000 psi. According to US-A 3,471,563 ruthe-
nium catalysts can also be used for this reaction.

35 Thus Group VIIIb elements hydrogenate both nitrile and aldehyde groups to pro-
duce amino groups.

It is thus an object of the present inventionto provide a process which makes it
possible to prepare, starting from 5~formylvaleraldehyde, either 6-aminocaproni-

40 trile or a mixture of 6-aminocapronitrile and hexamethylene diamine at a very
high conversion rate. A particular object of the invention is to find a process
which guarantees long on-stream times of the catalysts.
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Si g?ll ities f%?’ﬁ%ﬂ%@%&?ﬁgﬁe@@eﬁ 5-fornylvaleronitrile: 20 WO
26688 describes a process, in which (a) internal substituted
fins are previdedithatthedydsogenation cathlyst édésinot contain doppet, icket o dod-

fins are garedner sibket gygtﬂ@t:gmﬁgréhgj in the presence of the 25
er nal _ ol epﬁ ns, (c) the products of the hydrofornylation are

arated a . (d) the internal olefins are recycled to the
i shneri zat i gﬂnesgt%'tgyg pound used in the process of the invention is 5-formylivaleralde-

hyde. The patent literature reveals a number of possibilities for the preparation of
5-formylvaleronitrile: '

20 WO 94/26688 describes a process, in which

(@) internal substituted olefins are isomerized to form terminal olefins,

(b) the terminal olefins are preferably hydroformylated in the presence of the
25 internal olefins,

{(c) the products of the hydroformylation are separated and
Q (d) the internal olefins are recycled to the isomerization stage.

In claim 3 of the cited WO 94/26688 there are claimed nitrile-containing olefins.
The hydroformylation catalysts used are rhodiumy/triphenylphosphine systems, in

which the triphenylphosphine is rendered soluble in water by suitable functional
groups.

WO 95/18788 describes the hydroformylation of internal nitrile-containing olefins
using water-soluble platinum catalysts.

EP-A 11,401 also reveals that it is possible to cause 3-pentenenitrile to react

%0  with carbon monoxide and hydrogen under pressure in the presence of a cobalt
catalyst. During this procedure there is formed a mixture of isomeric formylvalero-
nitriles and the alcohols corresponding to the aldehyde group.
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pr df erred. The amount of hydrogen enployed is usually such that the
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25 mium, iridium, and platinum, more preferabiy ruthenium, cobalt, palladium, and
nickel, provided that the hydrogenation catalyst does not contain copper, nickel,
or copper and nickel as sole components.

—

The catalysts used in the process of the invention can be solid catalysts or sup-

% ported catalysts. Examples of suitable support materials are porous oxides such
as aluminum oxide, silicon dioxide, aluminum silicates, lanthanum oxide, titanium
dioxide, zirconium dioxide, magnesium oxide, zinc oxide and zeolites and also
activated charcoals or mixtures of said compounds.

35 The catalysts can be used as fixed-bed catalysts for ascending or descending
reactants or as suspension catalysts. The space velocity used is preferably in the
range of from 0.1 to 2.0 and more preferably from 0.3 to 1 kg of 5-formylvaleroni-
trile per liter of catalyst per hour.

40  Another possibility is to use compounds of the aforementioned metals as homo-
geneously dissolved hydrogenation catalysts.
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ly at from 50° to 700°C and in p cular rom 100° to 400°C to give the respective

2s metals and/or oxidic compounds of a lower degree of oxidation and are thus con-
verted to the actual catalytically active form. Reduction is usually continued until
no more water is formed.

, In the preparation of deposited catalysts which include a support material the pre-

' 3 cipitation of the catalytically active components can take place in the presence of
the desired support material. Alternatively and advantageously, however, the cat-
alytically active components can be simultaneously precipitated with the support
material from appropriate salt solutions. In the process of the invention hydro-
genation catalysts are preferably used which contain the hydrogenation-catalyz-

35 ing metals or metal compounds deposited on a support material. Apart from the
aforementioned deposited catalysts containing the catalytically active compo-
nents in addition to a support material, suitable support materials for the process
of the invention are generally those onto which the hydrogenation-catalyzing
components have been applied, eg, by impregnation.

The method of applying the catalytically active metals to the support is usually
not crucial and can be effected in a variety of ways. The catalytically active met-
als can be applied to these support materials for example by impregnation with
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rmatly stt?;?po Xta(iienal but different support materials have very different specific
weights and specific surface areas, it may be possible to use lower or greater
contents, however, without having any disadvantageous effect on the results

3 achieved by the process of the invention. Of course it is possible to apply a num-
ber of catalytically active metals to the said support material. Furthermore, the
catalytically active metals can be applied to the support by, for example, the pro-
cesses described in DE-A 2,519,817, EP-A 1,477,219 and EP-A 285,420. In the
catalysts described in said specifications the catalytically active metals are pres-

35 entin the form of alloys, which can be produced by thermal treatment and/or re-
duction of the support materials after treatment thereof with a salt or complex of

said metals by, say, impregnation.

Activation of both the deposited catalysts and the supported catalysts can, if de-
40 sired, take place in situ at the commencement of the reaction by means of the
hydrogen present, but preferably these catalysts are activated before use.




conposabl e &2]0050/48ty9 nitrates or thermally readily deconposabl e conpl ex
pounds, for exanple carbonyl or hydride conpl exes of the

pl ytically active 10 netals, and heat ﬁng t he thus inpregnated support
enperatures usually rang- ng from300 to 600[err]C for the

hose of Frhar he! hmrggﬁmwﬁluﬂnmbtamdaamg) of the preeess efdhpinvars.

5 t her maloncdthereniscigolated) ibyi usupl eiethodd sucstnas distillation, @ detinecapronitfieank et

Dr ot ect i egg&%ﬁ@@,& Hé%'%ﬁﬁé)(gasai%ﬁnér(&agé%p)t exanpl e, nitrogen,

bon di oxl or a no hernnore the

Al ytically active nmetals can be deposited onto the catal yst support
apos ddpaspreferredemtiodiresty the |seiptiontaf Bnamjnecagroodtieland, falesiredct i ve
pl s } nl tH&amahwaaerdmnmtmlsy@gesb) ) rsrbe?a@dh by the yeparation :oi‘ aﬁﬁI:?(le%Of the
sudcessfu of the invention. It w e

ob\@ ous toaﬂ%h er g%ﬁhgﬂi '|fPE‘E\'J(’Q& tg'%%%t?ﬂZStart t hat hi gher contents of

al ytically active metals in these supported cata- | ysts wil |

catfal ysigs aﬁaaﬂﬁ@@w ig HOATIA0THOMSET WitR SPAMbARE (fiPdt é)'gﬂnhg @l amifd-1 ve

Thdent 1 Niggal SHBAL ﬁy%%a%%%"p%‘@h%@ﬁﬁ%%%ﬁ%ﬂ Y308 Pea wi ch
redpect t o reActiAmERR Bkeplacs i therbspncepfiorspreferab Ptpfﬁﬁ%@?ﬁ efian put
erent <sagigior homageneaussohzaterogeneods ichtalgstt lrstbmcése:the spacealeg:dsmw and

spgeific s | I .
corgents, gby\eg%?é&?%’;gblhs egﬁ\zl%?;%i‘% 3?@‘?3@@%?23@5%@5&?‘5 W%}emrnésul ts
30 } achi%vél Fl%y\% 3¥§ Rt 'i’ invention. O course it is possible to
apdly a num ber of catalytically active netals to the said support

matferi al . FAthe ammaniacaltefffuent canthen) if tiesiedd, \bedfeded fronethel acid satayst appl i ed
to g he supp&g&ﬁsﬁg exanpl e, the pro- cesses described in DE-A
2,919, 817 ‘219 and EP- A 285,420. In the catal ysts descri bed

injgsaid specifications the catalytically active netals are pres- 35 ent in
d f or s ofina thirdsstagé thehamamoniacg refitlient or tiye amsnoniacalissiutionis cangedto r e-

dugy : on 0; reBet Wi R@froRRlATd ydrogeh #f tHe BrRsBRES of H?dr%@énmldrhcéta td s?f both

cofpl ex o 0

i G A Ty e Hnﬁwafggﬁ*%f&%ompwnnds%%éaﬁ&n@
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hydr ogen pribiseprocessiusyallyf aing carriateaut in dhebgsesway as dioe pradesd destobed use,

0080/ 44b64d. The process is followed by isolation of 6-aminocapronitrile and oftionally
hexamethylene diamine from the hydrogenation effluent by known methods.

The acid catalysts used can be for example zeolites in the H form, acid ion ex-
changers, heteropoly acids, acidic and superacidic metal oxides, which may op-
30 tionally be doped with sulfate or phosphate, and inorganic or organic acids.

Examples of suitable zeolites are representatives of the mordenite group or po-

rous erionite- or chabasite-type zeolites or faujasite~-type zeolites, eg, Y-type,

X-type, or L-type zeolites. This group also includes the so-called "ultra-stable”
3s faujasite-type zeolites, ie dealuminated zeolites.

Particularly advantageous zeolites are those having a pentasil structure such as
ZSM-5, ZSM-11, and ZMB-10. All of these have as basic building block a five-
membered ring composed of SiO, tetrahedrons. They are characterized by a

a0 high SiO5/Al>O3 ratio and also by pore sizes situated between those of A-type
zeolites and those of X-type or Y-type zeolites.
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genating metal, applied to one of said oxidic supports. Following the removal of

3 excess hydrogen and, optionally, of the catalyst, the hydrogenation effluent is
preferably worked up to 6-aminocapronitrile and possibly hexamethylene dia-
mine by fractional distiliation.

# in another preferred embodiment the hydrogenation is carried out over a hydro-

The process of the invention yields 6—-aminocapronitrile at very good conversion

35 rates and good yields and selectivities. It is also possible, by varying the temper-
ature and space velocity, to obtain mixtures of 6~-aminocapronitrile and hexame-
thylene diamine. Relatively high temperatures and low space velocities favor the
formation of hexamethylene diamine, whilst lower temperatures and high space
velocities favor the formation of capronitrile.
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Example 2

In the autoclave described in Example 1 there were placed 20 g of 5-formylvaler-
25 onitrile and 3 g of Pd (2 %) on Al,O3 powder and 0.41 g of lithium hydroxide un-

der protective gas (argon). The autoclave was then sealed and 140 mi of NH3

were forced in. The mixture was stirred using a magnetic stirrer and was heated

b to 100°C and the overall pressure raised to 80 bar by forcing in hydrogen and

then kept at this value by continuous replenishment with hydrogen. After a period
30 of 23 hours the autoclave was depressurized and the hydrogenation effluent ana-

lyzed by gas chromatography. The products formed comprised 59.01 % of

6-aminocapronitrile and 5.1 % of hexamethylene diamine (conversion 100 %).

Example 3

The cobalt catalyst used in this example (23% of Co/Al;03, 4 mm extrudates)
was activated before use for the preparation of 6-aminocapronitrile by treatment
under a stream of hydrogen for 2 hours at 250°C.

s« |nthe autoclave described in Example 1 there were placed 32 g of 5-formyivaler-
onitrile and 10 g of cobalt catalyst under argon. The autoclave was then sealed
and 130 ml of ammonia were forced in. The mixture was stirred using a magnetic

stirrer and was heated to 100°C and the overall pressure raised to 100 bar by
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giving %ydrogenaﬂon effluent, and
b) from the hydrogenation effluent there is isolated 6-aminocapronitrile and

possibly hexamethylene diamine, provided that the hydrogenation catalyst
15 does not contain copper, nickel, or copper and nickel as sole components.
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New claims

1. A process for the preparation of 6-aminocapronitrile or a
6-aminocapronitrile/hexamethylene diamine mixture, wherein

a) 5-formylvaleronitrile is caused to react with ammonia and hydrogen in
the presence of a hydrogenation catalyst selected from the group
consisting of metals or metal compounds of iron, cobalt, nickel,
ruthenium, rhodium, palladium, osmium, iridium and platinum, giving a

10 hydrogenation effluent, and

b) from the hydrogenation effluent there is isolated 6~aminocapronitrile
and possibly hexamethylene diamine,

15 provided that the hydrogenation catalyst does not contain nickel as sole
component.

2. A process as defined in claim 1, wherein stage a) is carried out in the
presence of a hydrogenation catalyst selected from the group consisting of
20 metals or metal compounds of ruthenium, cobalt, palladium and nickel,
provided that the hydrogenation catalyst does not contain nickel as sole
component.

3. A process as defined in claim 1 or claim 2, wherein excess ammonia and
25 hydrogen are removed in stage b) prior to the isolation of 6—aminocapro-
nitrile and possibly hexamethylene diamine.

4. A process as defined in claim 3, wherein the catalyst is also removed in
stage b).

5. A process as defined in any of claims 1 to 4, wherein prior to stage a)
5-formylvaleronitrile is first treated with ammonia to give an ammoniacal
effluent and said ammoniacal effluent is used in stage a).

s 6. A process as defined in claim 5, wherein said treatment prior to stage a) is
carried out in the presence of an acid catalyst.

7. A process as defined in claim 6, wherein said catalyst is removed from the
ammoniacal effluent prior to stage a).
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