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25 6-aminocapronitrile into caprolactam and recycling into the
process of a portion of the residue which consists essentially of
adiponitrile, '

The disadvantage with the use in the aforementioned partial

30 hydrogenation of adiponitrile obtained by reaction of butadiene
or pentenenitriles with hydrocyanic acid in the presence of a
catalyst comprising a phosphorus-containing compound is that the
hydrogenation catalyst exhibits rapid deactivation and poor
6-aminocapronitrile yields and selectivities.

35
It is an object of the present invention to provide a technically
simple and economical process for coproduction of
6-aminocapronitrile and hexamethylenediamine starting from a
mixture comprising a phosphorus-containing compound and

40 essentially adiponitrile and obtained by reaction of butadiene
with hydrocyanic acid in the presence of a catalyst comprising a
phosphorus-containing compound without the abovementioned
disadvantages.

45 We have found that this object is achieved by a process for
coproduction of 6-aminocapronitrile and hexamethylenediamine
starting from a mixture comprising a phosphorus-containing
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25 first step affording a mixture of isomeric pentenenitriles and
methylbutenenitriles which is then isomerized to predominantly 3-
and 4-pentenenitriles. In a second step, adiponitrile is formed
by renewed addition of hydrocyanic acid in the presence of the
aforementioned catalysts.
30 _
The adiponitrile produced by this process comprises at least one
phosphorus-containing compound, generally in weight proportions
of from 1 to 50 ppm, calculated as phosphorus, based on
adiponitrile. In what follows, the term “phosphorus-containing
35 compound” shall designate both a single phosphorus-containing
cbmpound and, if there are a plurality of such compounds, the sum
total of phosphorus-containing compounds. '

The weight proportion of phosphorus-containing compound is

40 subsequently reduced according to the invention, advantageously
to weight proportions of phosphorus-containing compound,
calculated as phosphorus, based on adiponitrilé, of less than
5 ppm, preferably less than 1 ppm.

45 Various conventional processes are suitable for reducing the
weight proportion of phosphorus-containing compound in the
mixture, such as precipitation, preferably extraction, treatment
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The catalyst space velocity is usually chosen in the range from
25 0.05 to 10, preferably from 0.1 to 5, kg of adiponitrile per 1 of
catalyst per hour.

Hydrogenation is carfied out, as a rule, at from 20 to 200°C,
preferably from 50 to 150°C, and at hydrogen partial pressures of
30 from 0.1 to 40, preferably from 0.5 to 30, MPa.

The hydrogenation is preferably carried out in the presence of a

solvent, in particular ammonia. The amount of ammonia is chosen

in general in the range from 0.1 to 10, preferably from 0.5 to 3,
35 kg of ammonia per kg of adiponitrile.

‘The molar ratio of 6-aminocapronitrile to hexamethylenediamine
and hence the molar ratio of caprolactam to hexamethylenediamine
can be controlled by the adiponitrile conversion chosen in each

40 case. Adiponitrile éonversions.of from 10 to 90%, preférably from
30 to 80%, are preferably employed in order to obtain high
6-aminocapronitrile selectivities.

45
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and cobal t20 contal ni ng corrpounds pre era ey type

Ammonia is used in general in an amount such that the weight
ratio of ammonia to dinitrile is from 9:1 to 0.1:1, preferably
from 2.3:1 to 0.25:1, particularly preferably from 1.5:1 to
0.4:1.

25
The amount of lithium hydroxide is chosen as a rule in the range
from 0.1 to 20, preferably from 1 to 10, % by weight, based on
the amount of catalyst used.

30'Examples of lithium compounds which form lithium hydroxide under
the reaction conditions are lithium metal and alkyllithium and
aryllithium compounds such as n-butyllithium and phenyllithium.
The amount of these compounds is chosen in general so that the
abovementioned amount of lithium hydroxide is obtained.

35
Preferred catalysts are nickel-, ruthenium-, rhodium-, iron- and
cobalt-containing compounds, preferably those of the Raney type,
in particular Raney nickel and Raney cobalt. The catalysts may
also be used in the form of supported catalysts, carriers which

40 may be used being, for example, alumina, silica, zinc oxide,
active carbon and titanium dioxide (cf. Appl. Het. Cat. (1987),
106-122; catalysis 4 (1981), 1-30). Raney nickel (for example
from BASF AG, Degussa and Grace) is particularly preferred.

45 The nickel, ruthenium, rhodium, iron and cobalt catalysts may be
modified with metals of groups VIB (Cr, Mo, W) and VIII (Fe, Ru,
Os, Co (only in the case of nickel), Rh, Ir, Pd, Pt) of the



in part.icul al00%{4730ckel and Raney cobalt. The catal ysts nmay al so be used
i the formof supported catalysts, carriers which 40 nay be used bei ng,
for exanple, alumna, silica, zinc oxide, active carbon and titanium

di oxide (cf. Appl. Het. Cat. (1987), 106 122; Catalysis 4 (1981), 1-30).
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(b) from 0.01 to 25, preferably from 0.1 to 5, % by weight, based
on (a), of a promoter based on a metal selected from the
25 group'consisting of palladium, platinum, iridium, osmium,
copper, silver, gold, chromium, molybdenum, tungsten,
manganese, rhenium, zinc, cadmium, lead, aluminum, tin,
phosphorus, arsenic, antimony, bismuth 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 an alkaline
earth metal,

35 with the proviso that, if a compound based on only ruthenium or
rhodium or ruthenium and rhodium or nickel and rhodium is chosen
as component (a), said promoter (b) can, if desired, be dispensed
with, and with the further proviso that said component (a) shall
not be based on iron when said component (b) is aluminium.

40
Preferred catalysts are those in whiéh the component (a)
comprises at least one compound based on a metal selected from
the group consisting of nickel, cobalt and iron, in an amount of
from 10 to 95% by weight and ruthenium and/or rhodium in an

45 amount of from 0.1 to 5% by weight, based in each case on the sum
of components (a) to (c),
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catalyst C, comprising 20% by weight of nickel oxide (NiO),

25 67.42% by weight of silica (SiO;), 3.7% by weight of alumina
(Al203), 0.8% by weight of iron oxide (Fe;03), 0.76% by weight of
magnesium oxide (MgO),. 1.92% by weight of calcium oxide (CaO),
3.4% by weight of sodium oxide (Naz0) and 2.0% by weight of
potassium oxide (Ky0).

30 _

Such catalysts are described for example in DE-A 195 002 22 and
German Application 195 482 89.1.

Particularly preferred catalysts are those comprising
35 '
a) a compound based on iron such as iron oxide,

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 aluminium, silicon, zirconium, vanadium and
titanium, and

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),
45 of a compound based on an alkali or alkaline earth metal,
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cat al yst s VhicaltaingtdHeompsupported catedysty. (Exampdeppof tsuitablat ehysier or
supported camltpgsisls ReeTpbesudiotidelsgbback Ay isdumiBa £rdAllicagr € porous

oxi des, such aam@hsdi 1idatek | tantinul BLSEL ) Cﬁtt‘:'a%n. a@ { A 9XtE6ni
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carried out §§r§°Pu?’é Wt&rﬁ?o%ﬁ"é in whi'ch precursors of the conponents
(a) are pr¥ipitated together with precursors of the pronoters (components
(b)) and, if Thesprephratiibin pseccarsieds oot adea tmAeebyoapmroeeidarécin iwhilidhe
presence or prealissore o thar éomonEhter (&) SadelpReadbitatdy togetRéAlwith type
desired), if pggéhfg&g Qﬁ rtﬁgui, eg:.gt %ﬁrﬁ% r;g,f‘t%ur J %ﬁd prgcggggld?é 0 give
extrudat es Of 4 £l I S ca r} orte sts
are gener ﬁs% ‘%:I Al ngb?g F? RATPRy ’Fﬁe &1 7 18\ PERSENCS 9K | on
of the coﬁp"o ﬁ?gcz CAGTLBY rllaﬂ'sdégﬂ’%‘&hn@cj’n the HE%YEBSEYEE eto
add the indi degite borﬁfoﬁ‘éﬁﬂ-se%m’hﬂ reaudtiiny aatalyst presmgison, isr by

sprayi ng t he progpsseditto @dye édirumiatesi br deslledd, afd)ivnirdedhangdathder by a
met hod known cageifiéd. Fupportedl| Catil19eUESFS dinelria®l§ Oammslﬁaﬂlér aS a

rule read"y kebn éﬁd@bltﬁesééf i ilf &bﬂa/ﬁgq '8?%
nitrates, I% é %t.esd s an su aggs & re e
30 Suitabl® JPactPors Tothe %ﬂdné
components simultaneously or ln succe551on, or by spraylng the
components (a), (b) and, if desired, (c) onto the carrier by a
method known per se.

rét dt es.

25 Suitable precursors of the components (a) are as a rule readily
water-soluble salts of the abovementioned metals, such as
nitrates, chlorides, acetates, formates and sulfates, preferably
nitrates. :

30 Ssuitable precursors of the components (b) are as a rule readily
water-soluble salts or complex salts of the abovementioned
‘metals, such as nitrates, chlorides, acetates, formates and
sulfates and in particular hexachloroplatinate, preferably
nitrates and hexachloroplatinate.

35
Suitable precursors of the components (c) are as a rule readily
water-soluble salts of the abovementioned alkali metals and
alkaline earth metals, such as hydroxides, carbonates, nitrates,
chlorides, acetates, formates and sulfates, preferably hydroxides

40 and carbonates.

The precipitation is generally effected from aqueous solutionms,
alternatively by adding precipitating reagents, by changing the
PH or by changing the temperature.

45



wat er - sol ubl @0 AA4T 3L conpl ex salts of the abovenentioned netals, such as
ni'trates, chlorides, acetates, formates and sulfates and in particular
hexachl oropl ati nate, preferably nitrates and hexachl oropl ati nate. 35
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precipitation is generally effect ed from aqueous solutions, alter nat ively
by addi ng pr &hepraieiraticmdenusually caxnigedputhatpifrom Jd;n ¢oafgP ey t he

t enper at ur && pteferabDpHrbm3@008tds0Ca, alysd duscerean ddmpriehhai awxd ors
usual l'y drieditgegenal |y at from80 to 150C, preferably from80 to 120C
The calcination is usually carried out at from 150 to 500C, 5 preferably

from 200 to . .a_gas, strea |5| |tro Af ter
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cat al yst g’cﬁadﬂfnﬁaﬁé?ﬂbs’-'r% efepnime 2fothe gaetalsosedacted firom the group
Advant ageouslopnstibbing tofy atickal pfcabiad tcahdl jasdn ias campomzhto(ta)20The r ect | y

in the synt hesitalyeecladding Refe tid preFeahbly dicopanpges Wdh cAradydel W se
necessary internedi ate step, ie. the passivation of the surface, usually at

];nr )?{nurzgsto 8?@' Bl:g?ecﬁ{%r %R%yaétgﬂiQt%gPt 85 éh% ct%)(:a §€S Ofcta(rj:xﬁgs r}_ht rogen
BPFLRdin (18 AVPHRSEAR FRBCEEE, Ridice: © RGN L/

refer abI
EOO[ err] C, pMétsr ap| gtherwiseopeeessay] dprprmedintg BheP ogkeh- &b8t ai ni ng
at nosphere. Easscma'aigmtcﬁ whe Serfised asualkedthédonal®ltsiB9 Oy preferiabilyd
from 25 to 35°C, by means of oxygen/nitrogen mixtures, such as
air. The activation of pas51vated catalysts is then preferably
25 carried out in the synthesis reactor at from 180 to 500°C,
preferably from 200 to 350°C, in a hydrogen-containing atmosphere.

The catalysts may be used as fixed-bed catalysts by the liquid
phase or trickle-bed procedure or as suspended catalysts.
30 _
If the reaction is carried out in a suspension, temperatures of
from 40 to 150°C, preferably from 50 to 100°C, particularly
preferably from 60 to 90°C, are usually chosen; the pressure is
chosen in general in the range from 2 to 30, preferably from 3 to
35 30, particularly preferably from 4 to 9, MPa. The residence times
~ are essentially dependent on the desired yield, the selectivity
and the desired conversion; usually, the residence time is chosen
so that a maximum yield is achieved, for example in the range
from 50 to 275, preferably from 70 to 200, minutes.
40
In the suspension procedure, preferably used solvents are
ammonia, amines, diamines and triamines of 1 to 6 carbon atoms,
such as trimethylamine, triethylamine, tripropylamine and
tributylamine, or alcohols, in particular methanol and ethanol,
45 particularly preferably ammonia. A dinitrile concentration of
from 10 to 90, preferably from 30 to 80, particularly preferably



phase aqr tri O058/43303 ocedure or as suspended catalysts. 30 If the
réaction is carried out in a suspension, tenperatures of from40 to
150[err]C, preferably from50 to 100C, particularly preferably from®60 to
90C, are usually chosen; the pressure i ® chosen in general in the range
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tripropylamne and tributylam ne, or al cohol's in particular methanol and

et hanol , 45 rt Lcul arl. p;leferabl .anmoni 3? di_ni r| I eaag__ §ent rat | on of
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sol vent, i¥ advantageously chosen. The anpunt of catalyst is chosen in
general in tinker pageidl Mydiogenatinth cphedbsalbey chroied dux dAtchwbse wai ght
based on the capRiRioud1yliiRl &l FifedlHRE rdAStst BCREECOr 1IQB8A25E Ol diRY
carried out isgaw%&fc el 81 EiflrbenEQ s Wi by £85180°C! %P%HL g Faui
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phase. 10 The_par rége I'on_can_a
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procedure,! Sﬁﬁ@@mrfé°8‘f 3fF‘brﬁ°2'0MPé uswrldly ﬁﬁéﬂﬁr%@ﬂ’%ﬁq-r EHFSBanlaQOC
and a pr essumdvbgemla?nr dbepréfenablyt candied Duyr éhethed|preseoce3of @ 20, MPa
usual Iy bei ngothene).préferably i éimonia, OgRN@iin®) asdpaminy dH ¥ eaidnmiak ot

in the presencgc0f n:iIn'albms Priiay ab! ¥rﬁH€E§i}'1%m1ﬁQ o R hylafli &) Ne or a
triamne of %r&ﬁrg ﬁ‘ﬂx% SEOQib&&iQmi‘ﬁ? :.Ir%ﬁah)éhé‘ ptrre gigﬁﬂfﬁm ne,

tripropyl anol or

ot honor” B Bethinp \om ek banaby sPARHIGHLAE LY PLs EoRRbLY | SRPaBIBOG LR,
amoni a cont ®referre @ﬂnbfdme&'e: a;s)rmpaquwt@mtzofofwmgl ser 19 of
adi ponitril e prefehatslgn.frAm 2 to 6, g per g of adiponitrile is chosen. A
catalyst space velocity of from 0.1 to 2.0, preferably from 0.3
to 1.0, kg of adiponitrile per 1 per h is preferably chosen. Here
‘25 too, the conversion and hence the select1v1ty can be controlled
by changing the residence time.

The partial hydrogenation can be carried out in a conventional

reactor suitable for this purpose (R1 in the drawing [sic]).
30 _

The hydrogenation affords a mixture comprising 6-aminocapro-

nitrile, hexamethylenediamine and adiponitrile.

The removal from the mixture of 6-aminocapronitrile,

35 hexamethylenediamine and a portion comprising essentially
adiponitrile can be effected in a conventional manner, preferably
by distillation, for example as described in DE-A 195 002 22 or
German Application 19 548 289.1, simultaneously or in succession.

40 The distillation in the first column (K1 in the drawing [sic]) is
carried out by a method in which the mixture comprising
essentially 6-aminocapronitrile, hexamethylenediamine, ammonia,
adiponitrile and hexamethyleneimine, preferably a mixture
comprising essentially from 1 to 70, preferably from 5 to 40, %

45 by weight of 6-aminocapronitrile,
from 1 to 70, preferably from 5 to 40, % by weight of

adiponitrile,



catal yst spad@®@5@A4t3QY of from0.1 to 2.0, preferably from0.3 to 1.0, kg
of adiponitrile per 1 per h is preferably chosen. Here 25 too, the
conversion and hence the selectivity can be controlled by changi ng the
residence tinme. The partial hydrogenati @@ can be carried out in a
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0

hexanet hyl enedi ag he; preferably from0.05 to 5,
wei ght of hexarre{gﬁy éﬁe%%nns%pg%a&gd?&ofrﬁ 5to 95, preferably from20 to 85,

% by wei ght_of .ammpnia, is carried out as a rule tn a conventional
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boi | i ng poi nPreferally dorestanec cysloheransy tigkhpbanine,5@thapelis bar.

Exanpl es ar e acetonitrile, n-hexane, di-n-propyl ether, isopropanol,
n-butylamine and benzene, very particularly preferably ethanol.

25 Compound A is usually added in an amount of from 0.1 to 50,
preferably from 1 to 10, % by weight, based on the bottom product
I.

The bottom product I, comprising essentially 6-aminocapronitrile,
30 hexamethylenediamine, adiponitrile, hexamethyleneimine, inert
compound or compounds A and ammonia, the ammonia content being
lower than that of the mixture obtained from the reactor R1l, is
subjected to a second distillation to give a mixture of the inert
compound or compounds A and ammonia as the top product and a
35 bottom product II, the distillation being carried out at a bottom
temperature of from 100 to 250°C, preferably from 140 to 200°C,
and at from 2 to 15, preferably from 4 to 12, bar, with the
proviso that the pressures of the first and of the second column
(K2 in the drawing [sic]) are matched with one another so that a
40 top temperature of more than 20°C is obtained at a respective
bottom temperature of not more than 250°C. It may also be
advantageous to carry out the condensation at the top of the
second column at lower temperatures, the top product, which
consists of pure or relatively highly concentrated ammonia, being
45 recycled to the first column, or



al kanes, cyclQRBQEHEIOL ar omati cs, naphthenes, alcohols, ethers, nitriles
and am nes havi ng the abovenentioned properties, in 20 particul ar
Clerr]-Cerr]-al kanes and C2-C4-al kanols, particularly preferably

n- pent ane, cycl ohexane, triethylam ne, dafhanol, acetonitrile, n-hexane,
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S The bottompreodycht |d .qit@NPprEsditres2EEOL 8 Abdry, 6- ami nocapronitrile,
hexanmet hyl enedi am ne, adi ponitrile, hexanethyleneimne and inert conpound

or conpoun i § subiected t distillation in_a ird colum (K3 in the
o avi noOL 080 Exampied F inionhls"n B AHkRheST srkibRIsaRtS GEALSS 0
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the inert compgumedtRyl&iaHadand Kbiaicttdasedthine) profisdpiys or are fed
to the Secf%“héﬁﬁm@@ﬂyleneimine'and/or hexamethylenediamine, particularly
preferably hexamethyleneimine.

In a preferred embodiment, hexamethyleneimine and/or
hexamethylenediamine are chosen as compound B or, particularly
30 preferably, no further compound B is added.

Compound B is preferably added to the column K3 in an amount of
from 0.01 to 50, preferably from 0.5 to 10, % by weight, based on
the bottom product II.

35 .
The bottom product III, comprising essentially
6-aminocapronitrile, hexamethylenediamine, adiponitrile,
hexamethyleneimine and, if desired, inert compound or compounds
B, is subjected to a distillation in a fourth column (K¢ in the

40 drawing [sic]) to give a top product KPl, containing essentially
hexamethyleneimine, if desired inert compound or compounds B and
a side stream SAl, comprising essentially hexamethylenediamine,
the bottom temperature of the column being from 50 to 250°C and
the pressure from 0.05 to 1.5 bar, and to give a bottom product

45 1v.



15 and, Vi f d&qqycf"’?t% distillation is carried out in the presence of one
or nore conpounds B which are inert under the distillation conditions and
boil at from20 to 250[err]C, preferably from60 to 170[err]C, at a given
pressure of 0.3 bar. 20 Exanples of comi@unds B are al kanes, cycl oal kanes,
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fed th th
or oduct 1V, 5” PR e&?sgﬁ?‘i’a?’l‘ S35 Fokes phUpLe o8 St Uhe

adlponlt e obtained comprises relatively small amounts of high
boilers, the distillation being carried out at a bottom
temperature of from 50 to 250°C and at from 10 to 300 mbar.

25 '
Instead of obtaining adiponitrile as side stream Vv, it is also
possible to separate bottom product V from column K5, comprising
adiponitrile and higher boiling compounds, by distillation in a
further column K6 to obtain adiponitrile as top product VI.

30 '
According to the invention, the portion comprising essentially
adiponitrile, which in the disclosed distillative workup of the
adiponitrile hydrogenation mixture is obtained as side stream V
of column K5, as top product VI of column Ké or as bottom product

35 of column D5 [sic], preferably as side stream V of column D5
[sic], is treated [lacuna] an acid or an acidic ion exchanger.

Suitable acids or acidic ion exchangers are primarily substances
which can function -as proton donors with respect to primary,

40 secondary and tertiary saturated and unsaturated amines such as
enamines. Acids having a pK, of not more than 10, preferably not
more than 7, are particularly suitable. .

Suitable acids include inorganic acids such as nitric acid,

45 preferably sulfuric acid, in particular as 100% strength by
weight sulfuric acid or as an at least 90% by weight, preferably
96% by weight, mixture especially with water or phosphoric acid,



and.adi poni t rQ98044TBQbssi bl y high boilers, is subjected to a distillation
inma fifth colum (K5 in the drawing [sic]) to give 15 6-am nocapronitrile
having a purity of at |east 95% preferably from99 to 99.9% as the top
product and a side streamV consisting agsentially of adiponitrile and a
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VI. 30 According to the invention, the portion conprising essentially

adi poni tri| e, TRAITERCEAOR RE dihgc peipenifide WAEh Ehs\Roidpcar heyeffected in
adi poni tri k@ thelmrgseace ovf @ Atignadi dilsiendi sudh aas giaterst imarhi¢hotase| timn
K5, as top prbipcid diloén€ adanmbeKadded ao khet adipsmictirdle3bogdtiad wiish Dbhe

[sic], preferabid oc3Spekdfe I @FteY Phe @Hidam D5 [sic], is treated [|acuna]
an acid or an acidic i on exchanger. Suitable acids or acidic ion exchangers

are pri rrarily e ich.ca ncti, roton donors wth regpect
to primary g i) ?a?%"%"eﬂ’%?é?@ WaPﬁ?} as such
as enam ne§5 ﬁEﬁ“ﬂé"ﬁ&?F n5°’a11;5!€a°8F‘Pﬂ‘éﬁdsrmrf§rt fEARYE thecbetton ),Prﬁétlcﬁo\'e
than 7, are peftdodamar Ky, sif tibdees Suit aigingaini adiponditydde | siddegy@tireanci s
such as nitririlesiige pospitsiecr gl yhisldase,Cc thei consumptdbhi 6l &5idaser100%

strength by webifile SBhf aiérfarfg@rdaﬁa ffe 3modht ! sﬁsées%%ébyrm&a after the

preferably 96 e |l r or phosphoric acid,
0050/ 47301 ﬂ%ogﬁlﬁggg%l %?1 gxa eq'(rzlgr¥ oxy%] [\éﬁ i"ds such as adipic
acid, 2- et A% hexanoi ¢ aC|d pi melic aC|d suberic acid, undecanedi oic acid,

terepht hal i c Beg a\oléycremafee&r-ﬁoammﬁ i ghe rhasic, seMpeurds mseEenkcin
such as p-t ol tismewslifivai shawlidl bebeah zkeastu lefiuhineldr o prefengblly cupemr-
exchangers suéduiadblagvalt thdd Geeh, foudertoybe ddvarddigeoubOtdVadi fop. 0kot . K
2431, Anberlits 10% b9Oweiit, @iaBhPticular from 0.1 to 2% by weight, of

25 acid, based on adiponitrile.

The reaction of the adiponitrile with the acid can be effected in
a conventional manner, as by mixing or passing the adiponitrile
‘through a fixed ion exchanger bed, advantageously at temperatures

30 from 2 to 250°C, especially from 30 to 100°C, the resulting
reaction times ranging from 1 second to 30 minutes, in particular
from 1 second to 10 minutes.

The adiponitrile can be removed from the mixture in a
35 conventional manner, advantageously by distillation or
' extraction.

If a liquid diluent such as water is added during the reaction of
the residue with the acid, the liquid diluent can preferably be

40 removed by adsorption, especially dlstlllatlon, before the
adiponitrile is removed. '

Similarly, the reaction products obtained after the acid has been
added and any excess acid can advantageously be removed from
45 adiponit;ile by extraction, for example with water.



and -al so mi xtPY4A3Qch acids and acidic ion exchangers. The reaction of
the adiponitrile with the acid can be effected in 10 the presence of a

| i quird diluent such as water, in which case the liquid diluent can be added
to the adiponitrile together with the addd or before or after the acid. The

di-rect treatnm aafipesipenid bbltalméu Oy has peécdeivsl Lred ﬂxﬁzé‘r{t%hhé&b%
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20 The nol & &-@mmogapmnrgﬂeups to the basic conpounds present in the
resi due should be at |east equinolar, preferably super- equinolar. It has

been found t arae sadhiﬂ% &91@(15&& rsqshgq@énélqr %Q%Pac&%wtl

particular fr | | ni r| e. The
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ranging from21l second to 30 mnutes, in particular from1l second to 10

m nutes. The @dinpepi irile can be renoved fromthe mixture in a 35
conventional manner, advantageously by distillation or extraction. If a
liquid dilﬁnt s%@ is water_ is.,added during the reaction of the residue
with the at & RlEEF PTRIUSEAC R can preferably be 40 renoved by
adsorption, especially distillation, before the adiponitrile is renoved.
Simlarly, ther @aaﬁkbur@rqﬁmsebbtai pedtaabien ddrbonatd, hak,0hecand atdedumnd
any excess aci d Qaitboflyoetve teakydbend ey edlidDfmetd madt PR&E tWrdkenbind
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hexamet hyl enedi ameightn@f ReOani Q&abn’oﬂﬁwhﬂ @f Cao, 0 11% by Welght Of si,
0.01% by weight of Ti, remainder Fe oxides.

25 This material was then reduced over 72 h in an N;/H; stream at
450°C, passivated at room temperature with an N;/air mixture
(24 h with 1% of air in nitrogen), without the temperature in
the catalyst bed exceeding 45°C, and washed with water for
7 days. '

30 _
The resulting catalyst material had the following
composition: 1.2% by weight of Al, 0.74% by weight of Ca,
0.02% by weight of K, 0.11% by weight of Si, 0.01% by weight
of Ti, remainder Fe/Fe oxide. The sum total of the promoters

35 of group b) is 1.32% by weight, the sum total of promoters of
the group c¢) calculated as oxides is 1.06% by weight.

b) Partial hydrogenation of ADN to ACN

40 A tubular reactor (length 180 cm, d = 30 mm) was packed with
740 m1 (1819 g) of the catalyst material prepared according
to (a) and reduced in a stream of nitrogen (500 standard 1/h)
at atmospheric pressure. For this the temperature was raised
from 30°C to 340°C over 24 h and then held at 340°C for 72 h.
45 '



The .6- ani noc 4924730k can subsequently be processed in a conventional
manner, optionally via the internedi ate stage of caprolactam into nylon-6,
whi | e hexanet hyl enedi am ne can be 10 processed with adipic acid into

nyl on-6,6. Nylon-6 and nylon-6,6 are indgstrially inportant materials of

construction. Exaiftle® ihdSténperataly Shad 10debip ke Hoakbe wis FadNatite,
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material of the fr@dlu&ﬁﬁn‘goc%rip@pmtbbrphemfwsylmuvgwh srledum oxigisy by
wei ght of A203, 65.03%lbgf \iHyglandob0Cx®andatd? By afeilght of Si, O. 01% by
wei ght of Ti, remainder Fe oxides. 25 This material was then reduced

over 72 h in an wlh!%wih e@@@t %596@6@ Gt aa§éaa@£&ﬂta§npé95¥q]fee%e%§b*&e

‘Wth an N2/air tu out, t
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for 7 days. 30 TIOUWEESRFtPYRF CREaPPEITSrdt i QF H # ange af GPNSRHy overall

- conpositio 1. 2medpChiVERY (@GCNAN, HIDY % 1993wei ght of Ca, 0.02% by wei ght
of K, 0.11% by weight of Si, 0.01% by weight of Ti, renmainder Fe/Fe oxide.
The sum t ot alcdnipairAeivé GmEm1e 35 of group b) is 1.32% by wei ght, the
sum t ot aI of pronoters of the group c) calculated as oxides is 1.06% by

wei ght . rei t|on of ADN to ACN 40 A tubul ar reactor
(length 180 c?}] ﬁtagﬁg%ﬁ tﬁ‘ggked with 740 mM (1819 g) of the catalyst
mat eri al p pared according to (a) and reduced in a stream of nitrogen (500
standard |/h) at Zamvistprerot magaetite, roEasshim carbonatperatdzecand salsivad
from 30[ err] C t o cadbBpeaté Gran/ dieadd hamhctlieheolbéi flieni me10[ ess |KZdken ZA4dh.

45 0050/ 47301 gliavAkt 85 aéb%ﬁ%aemtwaa wes169)yeF ad, kbBR, réad1gstwas fed

A %afﬂhef £€ré) con??n#bmilagss'r gg%gégﬁg%% %é%%lp%ﬂgﬁgi 88¢

hydr ocyani g, aci d . y
chem sor pt?%n W t grﬂ'rb%( Cgupogition 6&0 3 gﬁd}é’ﬂ’d 1/h
of H2. welght of Al,0;, 2.3% by weight of Ca0O, 0.11% by weight of Si,

0.01% by weight of Ti, remainder Fe oxides.

This material was then reduced over 72 h in an N;/H, stream at
25 450°C, passivated at room temperature with an N;/air mixture

(24 h with 1% of air in nitrogen), without the temperature in

the catalyst bed exceeding 45°C, and washed with water for

7 days.

30 The resulting catalst material had the following composition:
1.2% by weight of Al, 0.74% by weight of Ca, 0.02% by weight
of K, 0.11% by weight of Si, 0.01% by weight of Ti, remainder
Fe/Fe oxide. The sum total of the promoters of group b) is
1.32% by weight, the sum total of the promoters of group c)

35 calculated as oxides is 1.06% by weight.

b) Partial hydrogenation of ADN to ACN

A tubular reactor (length 180 cm, d = 30 mm) was packed with
40 740 ml (1819 g) of the catalyst material prepared according
to (a) and reduced in a stream of nitrogen (500 standard 1l/h)
at atmospheric pressure. For this the temperature was raised
from 30°C to 340°C over 24 h and then held at 340°C for 72 h.

45



Fol Lowi ng a ra@PQA473WH h at a reaction tenperat ujr.e' of 120[err]C, the ACN
selectivity was a constant 40% for a conversion, constant over the entire
run, of 70% and a constant overall 10 selectivity (ACN + HVD) of 99%
Conpar ati ve exanple a) Catalyst producttigon 15 A m xture of nmagnetite,
potassi um car bon%ﬁerﬂﬁg%aﬂ&r@%hfé UL alhenale YRS ﬂa%etcsﬁ felae?.t

solidified nelt ed. | A
Koch, Catal yst nuf 5?ur %M f%g§$ mi/ t%ﬁr%#gﬁ ?%ﬁe & i al of
20 t he foIIo &8 d%ﬁ °ﬁY§§%QJ |@H? QﬁVHQQePrfCF°QFQ?¥)B§ wei ght
of A1203, 2.3% b;ARDE!rgﬁﬁ onl @efONH@ qx@/m abandardl/8i of HH1% by wei ght of
Ti, remai nd®r Fe oxides. This material was then reduced over 72 h in an
mg; H2 st ream at(%lﬁ.own‘}ge Sl 6f m@@w&tted 2bad ORI ft S{-é’%ﬁ&{ee off &b?%ﬂ

air mxture 0 £enperature
in the catal yst ﬁ%‘ e§%ee |r§§;§§2 i{?éHJé& QEQ% %ﬁ¥ £ 7 days.
30 The resul t9RYE8T N st P{" V%&hFhE FHt§ cﬁﬂnr‘ig %ﬁ%sarn[qrg 1.2%
by wei ght of Al, ‘WW&%’BWW% sgleclivikyo23CH \MDYhPLoP9%; 0. 11% by
wei ght of ¥, 0.01% by weight of Ti, remninder Fe/Fe oxide. The sumtotal
of the pronoters of group b) is 1.32% by weight, the sumtotal of the

pronoters of group c) 35 cal cul ated as oxides is 1.06% by weight. b)
Partial hydrogenation of ADN to ACN A tubul ar reactor (length 180 cm d =
30 nm was packed with 40 740 m (1819 g) of the catalyst material

prepared according to (a) and reduced in a stream of nitrogen (500 standard
1/h) at at%%spherlc pressure. For this the tenperature -was raised from
30[err]C to 340[err]C over 24 h and then held at 340[err]C for 72 h. 45
0050/ 47301 16 After the tenperature was | owered, the reactor was fed at 250
bar with a m xture of 400 m/h of ADN produced from butadi ene and

hydr ocyani ¢ ‘acid and having a P content of 4ppm 660 ni of NH3 and 500

st andard 14¥:of H2. 5 Following a run of 1000 h at a reaction tenperature
of 120[err ' _
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the ACN sel ec?9394473R%r cased from 40%to 30% fer—a—conversion, constant
over the entire run, of 70% and a constant overall -selectivity (ACN + HVD)
of 99% 10 15 20 25 30 35 40 45 0050/ 47301 vam , lﬂ"ﬂﬂ'ﬂ“ﬁess for
coproducti on of 6-am nocapronitrile and ® h I b e starting
frroma m xture conprising a phosphorus-containing conpound ahd "essenti al | y
adi ponitrile ﬁgﬂ%r%ghgined by reaction of butadiene with hydrocyanic acid in
the presence of a catal yst conprising a phosphorus- containing conpound,

whi ch conprises 10 (1) reducing the weight proportion of _
phosphor us- coht aihiBF§CESRPERM FoPFeAugt 1R PLa §-pRbReFARLPNItrhle ndhi xt ur e,
(2) partial$y hydepneshyhenediamisesustariging fromea imixtuwrelSomprising a
presence of a catgHosphok0sicdnbainihgr ¢dmputind0BhET éssontdad 1{33digiitride

. rers R ol ol SBpLBASI MBEAE e Bockipthd N Kyl Syl ncid
Bhosphor us- cont ai%f H’%?cg%%%# s \Mc% %cﬁ?‘f‘a‘% éﬁs‘:\3§°ﬂﬁ€%€) ncﬁ?t?s ,phlgﬁp? e om xture of
step (2) is |less ‘f%f%lglggrﬁ°%‘é‘a'oﬁh%ﬂfm PP®. 25 3. A process as
claimed inl®laim1 or 2, wherein the weight proportion of

phosphor us- cont ai i )ngresimepognthe owlight apeopat ipnosfhpiaspharnst-benta detimge of
step (2) is |ess tharcohpenft, beskilateada® GHdsphbeus 30int thePmPkOERSS as
claimed in any of clains 1 to 3, wherein the reducing of the weight

proportion of phosph = t.aini din.s 1)..ds_effected by
distillatiopp. 5. p?‘%a?%s%?igg %oﬁgaglglﬁr@i%heofmﬂl;?%é falt’fé"uﬁ W8 n the
35 redggi ng of tHRFSREPGRtOHrd FHEALBRE o¥C FeTTHABr O ABRORLAFALe c ARSHund
in step (1) is effected by extraction. : :

' (3) removing 6-aminocapronitrile and hexamethylenediamine

from the mixture.

20 2. A process as claimed in claim 1, wherein the weight
proportion of phosphorus-containing compound, calculated as
phosphorus, in the mixture of step (2) is less than 5 ppm,
based on adiponitrile.

25 3. A process as claimed in claim 1 or 2, wherein the weight
proportion of phosphorus-containing compound, calculated as
phosphorus, in the mixture of step (2) is less than 1 ppm,
based on adiponitrile. '

30 4. A process as claimed in any of claims 1 to 3, wherein the
reducing of the weight proportion of phosphorus-
containing compound in step (1) is effected by distillation.

5. A process as cléimed in any of claims 1 to 3, wherein the
35 reducing of the weight proportion of phosphorus-
containing compound in step (1) is effected by extraction.

6. A process as claimed in any of claims 1 to 3, wherein the
reducing of the weight proportion of phosphorus-
40 containing compound in step (1) is effected by treatment with
a base.

7. A process as claimed in any of claims 1 to 3, wherein the
reducing of the weight proportion of phosphorus- '
45 containing compound in step (1) is effected by adsorption or
chemisorption. |



6. A process G@5@/473@Y in any of clains 1 to 3, whepg ' ' g’ of
t e wei ght proportion of phosphorus- 40 containfﬂﬁlﬁﬂﬂ@ Hﬁﬂr%"ytep (1)
is effected by treatnent with a base. 7. A process as ckalae | s ary of
claims 1 to 3, wherein the reducing of tf#e weight proportion of phosphorus-
5 L lontai i ng, GaRauRdad eidhisRal 1 Aoy Oyl e5hefs DY 150! BhE AP lene
chem sor pti on. ) f.)rr?c.ess as.chalned in, an reOJen%lea' Ersall:"f ié"
wher ei n the hydr ogf SOCBAT T & FREETENO T The presence of*a | T qul
diluent. 5 9. A®H&Es as clained in any of clains 1 to 8 in the presence
of aliquid diluent, further conprising renmoving the liquid diluent
essenti al | ysbes wepreiceps 42)ckiithe@3jin dy of platessl ao @l ahnelk ipresepcef
gl ains 1to 9{ Wr@fl & ﬁiﬁ;ﬁﬁdl@iltient(}aif&fm%r mstrggmj Y v&a? a@%mlqtqﬂad
ased on a neta e l.Gkel , cobalt,
I ron, ruthenium a‘?fglur %t&dlgﬁ%]é%l?'g) g%%%‘ﬁ%%btgokgg,%dr gf"gr'abl y fromO0.1 to
5, % by weight, based on (a), of a pronoter based on a netal selected from
the group conkfst? Rfasespapf RhaiMedpipt am0 AL CLRIMaN & SiruihetRighdhe
silver, gold, chrecatalyst20sed comprisgsl ybdenum tungsten, nmnganese,
rhenium zinc, cadmum I|ead, alum num tin, phosphorus, arsenic, antinony,
bi smuth and rare ggytd dBabduid Ba¥kd ©h b AGRLL tde1actll Shrdmthk GE&Ep 0.1 to
3, %by weight, basedc& isting of ﬁ%lﬁ%ﬁ)’cggaﬁ CQQB?”“&Q‘%?&@mOQnén al kal i
Arth meear: Wt S0 that, |

metal or an al kal i ne fhé provi a conpound
based on only rutheni M¢hodi um or rutheni um and rhodi um or ni ckel and
r hodi um i s180 chosen as conponent. (a), said pronoter (b) can, if

desired, be di spettsedEram A,03hntb @S, hpraferablivhdropr®yl d» Shat bpniweight,
component (a) shall nsdsdde ohaseyl, WE ia prombesr Laisedconpod metal( Bplésted
alum num 35 11. A precEshasSqrbdp BhsiBedY & pallabdbu, iflatdnumperein the
catalyst used comprisgs; {h | bORi M, *cpREROWYHVIS5eGo28, |d¥dmium,
20 molybdenum, tungsten, manganese, rhenium, zinc, cadmium,
lead, aluminum, tin, phosphorus, arsenic, antimony,
bismuth and rare earth metals, and

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

with the proviso that, if a compound based on only ruthenium

or rhodium or ruthenium and rhodium or nickel and rhodium is
30 chosen as component (a), said promoter (b) can, if desired,

be dispensed with, and with the further proviso that said

component (a) shall not be based on iron when said component

(b) is aluminum.

35 11. A proceés as claimed in any of claims 1 to 10, wherein the
catalyst used comprises

(a) iron or a compound based on iron,

40 (b) from 0.01 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 consisting of aluminum, silicon, titanium,
zirconium and vanadium, and

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



40 * (b) @ 4M3QH 5% by wei ght,- based on (a), d on
an elenent or 2, 3, 4 or 5 el'enents sel ected fromtha H@I‘gmﬁﬂﬁﬂ mﬂ;
alum num silicon, titanium zirconium and vanadi um an

to 0.5% by weight, based on (a), of a carpound based on an al kali or

alkal i ne ear tfp my qyrocess%‘i%éﬁ@& §n]a?n BPEOEERS PEoCh @l MBgkdraany of
claims 1 to 11, fupf iélﬁgﬁ@e'ni Nihg h’égp&& f}}é&e«uﬁ}’: hegenal 1,00, %%&‘i”e

a portion conprising &ss process as-c
in claim4, furt!RPES ﬁ’s‘?sr?&“é&ﬁﬂ(? ’tﬂ?é‘l'p'ﬁ?' vn conprising essentially
adi ponitrile with fromO0.01 to 10% by wei ght of an acid, based on

adi poni tril%,13an® provessag kdadsedoin taldie #¢ ofettleraconlpt et ddmixing e.

10 14. A process e pbeti® dompiyifg éﬁs@nﬂallf(hcﬂﬁmn\ihﬁiﬁé Refthe from

adi ponitrile is roerﬁﬁ‘mé ié@rﬂgt& g){@r&ﬁ%ﬁ%&:ﬁ!& éH%nb%(d ‘lJ,]'.qu.%I ogn@nd
APB

g
h d d h
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14, wherein the acid used has a pKa val ue of not nore than 10. 16. A
process asl@|ldi.ndd pracesy af cdladmed in tanyl ®f claimerl donpdi swheredia- tbeéng
the adi ponitril e addpondteild\is FemdPed from Gheshydrdgehathpn aaixtiurenbpf

6- am nocapr oni t ridigtandabexdmidhrhenasifisea Rastdailpsrsbeilad pRALLrile.

25 30 35 40 45 ¢han adiponitrile under the distillation pressure.

15 15. A process as claimed in any of claims 9 to 14, wherein the
- acid used has a pK, value of not more than 10.

16. A process as claimed in any of claims 1 to 15, further
comprising re-using the adiponitrile recovered by the
20 processes for coproduction of 6-aminocapronitrile and
hexamethylenediamine on the basis of adiponitrile.
25
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