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PROCESS FOR THE PREPARATI ON OF AM NONI TRI LE AND
OF DI AM NE The present invention relates to a process 5
for the preparation of amnonitrile and of diam ne by catal ytic

hydrogenati on ofo ddd}4gd4£- I't relates noge,Rardd Al@Hy to

t he preparation of 6-am nocapronitrile and of . o
hexanet hyl enedi am ne by catal ytic hydrogenation of 10 adiponitrile.
The catal ytic hydrogenation of an aliphatic dinitrile, in particular

adiponitrile, to am npROEESSCFOR THERSREDBHTYON ¥ &ﬁ% IRTLE

6- am nocapronitrile an : ; ed out, for
exanpl e 15 according to the teachi ApObrPBTRRENYO- A- 96/ 18603, in t he
presence of a catal yst based on Ran€y nicCKel oOr_ on Raney cobalt,
optionally conprising one or nore pronoter elements, and in the
presence of a strong i norgani c base, the hydrogenation being carried
out in 20 a nedium conprilsi nesentadaiveneiiohorbhetdsntéralgrocess Wat er,
di am ne and/or am nonitrile. Ref erence may al so be nade to
Pat ent EP- Aax 13% rGpaxztdlondiofc bosasnt heibydangeoftdidmizie &y
aliphatic dinitrile, in particular adiponitrile, in the 25 presence of a
Raney ni ckel orcalgbattiddpyedogenaitdanl pf dinnktrhlene or nore pronoter
elenents and in the presence .
It relates more particularly to the
preparation of 6-aminocapronitrile and of
hexamethylenediamine by catalytic hydrogenation of
10 adiponitrile.
The catalytic hydrogenation of an aliphatic
dinitrile, in particular adiponitrile, to aminonitrile
and diamine, in particular 6-aminocapronitrile and
hexamethylenediamine, can be carried out, for example
15 according to the teaching of Patent WO-A-96/18603, in
the presence of a catalyst based on Raney nickel or on
Raney cobalt, optionally comprising one or more
promoter elements, and in the presence of a strong
inorganic base, the hydrogenation being carried out in
20 a medium comprising, in addition to the dinitrile,
water, diamine and/or aminonitrile.
Reference may also be made to Patent
EP-A-0,737,100, which discloses the hydrogenation of an
aliphatic dinitrile, in particular adiponitrile, in the
25 presence of a Raney nickel or cobalt doped chemically

with one or more promoter elements and in the presence

of a strong base, the hydrogenation being carried out



of a strong base, the hydrogenation being carried out

2 I n a mediumconprising at | east water and, if appropriate, an
organi ¢ sol vent, such as an al cohol or an am de. Pat ent
WO A- 97/ 10052 di scl oses the 5 hydrogenation of nitriles, in particular

adi ponitrile, in the presence of a gatal yst based on nickel or on
cobalt at least partially in the reduced state, texturized by a phase
conpri sing one or nore doping netals in the formof oxides, and in the

presence of ainlQ sldddng kasprikhaghytr vegsatvaredeimy, corried out in a
medi um conprising at | east water and, if appropriate, an organic

sol vent, such apraprdlatehobnobrganadi §6lvent, such as ard mlidwsa processes
of the prior art, the final reaction mxture is quantitatively

anal ysed and &ib anielecontents of possible inpurities are determ ned. The
said contents of inpurities are generally |ow, indeed even zero.
However, it is very cl e®altgnte®osaafy/10052 disclgsemitthiche separati on of
the constituents of the 20 said reaction mxture, essentially water, the
optional 5 énddmmenatth@nopﬁemtrghescomommd@@m HAigmmadanitle, t he
diam ne and the amnonitrile forned, and the unconverted dinitrile.
The Applicant i@oriRenPresensssefvadcahalyst based on nickel or on

cobalt at least partially in the reduced state,
texturized by a phase comprising one or more doping
metals in the form of oxides, and in the presence of a
10 strong base, the hydrogenation being carried out in a
medium comprising at least water and, if appropriate,
an organic solvent, such as an alcohol or an amide.
In these processes of the prior art, the
final reaction mixture is quantitatively analysed and
15 the contents of possible impurities are determined. The
said contents of impurities are generally low, indeed
even zero.
However, it is very clearly necessary to
carry out the separation of the constituents of the
20 said reaction mixture, essentially water, the optional
solvent, the other light compounds possibly present,
the diamine and the aminonitrile formed, and the
unconverted dinitrile.
The Applicant Company has observed that
25 during the distillation of the reaction mixture, after
separation of the catalyst by filtration, settling,
centrifuging or any other means, significant and

prohibitive amounts of by-products are formed, these



25 during the distillation of the reaction mxture, after separation of
the catalyst by filtration, settling, centrifuging or any other neans,
significant and prohi bitive amounts of by-products are forned, these

3 by-products originating in particular fromthe - deconposi tion
of the dinitrile, in particular of agliponitrile. Wthout this being
limting, when the dinitrile enployed is adiponitrile, the nmain one of
5 these by-products is imnocyanocycl opentane (1 CCP), wi th ot her
heavi er by- pr odyepsoducts originatinglhe fpatdicuoarofrby- pheducts exhibits

nuner ous di sadvantages and it is consequently necessary to prevent it
as far as possdétempdsissiomfofilthe tdiasieerill@, bynppadtctalari gEnat e
essentially fromthe conversion of the dinitrile, in particular
adi ponitrile, aflipbnitrile estitloutn thilsodeing dhmianngt Wwhenghbeed in
I ndustri al _processes. Moreover, they result in colorations and/or
they have a sighnitrbbe ¢mpldvgd il lagipenisritlee theemainsoné ofie
specifications which nust be net, for exanple, bot h by
hexamnet hyl eRedFaas ey fRFOdURE Hrigh dmiiasty agcyclopenyantdéI6CB) » and by
6-am nocapronitrile, which | results jn caprolactam itself the base
material of Wil ErexdIgRViexn) by-productsi.n addition, these by-products
are difficult to repove, which necessitates conpl ex. and expensive
The formation of %y-pro%uctsngxﬁib?ts P
numerous disadvantages and it is consequently necessary
to prevent it as far as possible. First of all, these
10 by-products originate essentially from the conversion
of the dinitrile, in particular adiponitrile, which
results in a loss which cannot be ignored in industrial
processes. Moreover, they result in colorations and/or
they have a significant harmful influence on the level
15 of the specifications which must be met, for example,
both by hexamethylenediamine, for the preparation of
polyamide-6,6, and by 6-aminocapronitrile, which
results in caprolactam, itself the base material of
polyamide-6.
20 In addition, these by-products are difficult
to remove, which necessitates complex and expensive
purification processes.
The object of the present invention is to
overcome these significant disadvantages by reducing as
25 far as possible the formation of such by-products

during the distillation of the constituents of the

reaction mixtures resulting from the catalytic



purification processes. The object of the present invention
iIs to overcone these significant disadvantages by reducing as 25 far
as possible the formati on of such by-products during the distillation
of the constituents of the reaction mxtures resulting fromthe

catal ytic 4 4 hydr ogenati on of
dinitriles, in particular of aliphatic dinitriles. I t
consists of a process for the preparation of aminonitrile and of

di ami ne by catg %&g?genétféﬁqr&ﬂ f@iﬁ&t s AlidpP txjtﬁcqi Ert bie! Sl*ﬂ?ﬁb@ﬂc”om 3

to 12 carbo opti ona e presence o vent
characterized ganthatitge final reaction m xture, the catal yst of which
has been separated beforehand, is acidified by addition of a sufficient

10 armount of an inorgani £t Ofods Dt Co B prhrfedse el Rle prepbhecbed to an
operation of distillation of the products of the reaction and of the

unconverted ofdamihbhierile and of diamivkntyoratayyweee particularly be
made, anong 15 dinitriles, of adiponitrile, nmethylglutaronitrile,
et hyl succi n6ni hydkegedatkbhydS usripleniic idimitrilevhiaotan frbhe3 to
succinonitrile, glutaronitrile or dodecanedinitrile. Use may be nmade of
m xt ures of 12segrcbah @toms r i opisional parin dleapresencet ofes
solvent, characterized in that the final reaction
mixture, the catalyst of which has been separated
beforehand, is acidified by addition of a sufficient
10 amount of an inorganic or organic acid before being
subjected to an operation of distillation of the
products of the reaction and of the unconverted
dinitrile.
Mention may more particularly be made, among
15 dinitriles, of adiponitrile, methylglutaronitrile,
ethylsuccinonitrile, dimethylsuccinonitrile,
malononitrile, succinonitrile, glutaronitrile or
dodecanedinitrile. Use may be made of mixtures of
several dinitriles, in particular of mixtures
20 comprising adiponitrile, methylglutaronitrile and
ethylsuccinonitrile originating from the synthesis of
adiponitrile from butadiene.
For convenience, the process of the invention
will generally refer, in what follows, to adiponitrile
25 and to its hydrogenation products, 6~-aminocapronitrile

and hexamethylenediamine, but it also applies to other

dinitriles,.



20 conprising adiponitrile, methylglutaronitrile and

et hyl succinonitrile originating fromthe synthesis of adi ponitrile from
but adi ene. For conveni ence, the process of the invention

will generally refer, in what follows, to adiponitrile 25 and to its

hydr ogenati on products, 6-am nocapronitrilse and hexanet hyl enedi am ne,
but it also applies to other dinitriles.

5 The process of the invention applies nore

particularly to the nixtghespebtebBabEnghér véMeion agpldrergedatd on of
dinitriles which is catal ysed by at | east one nmetal fromgroup VIII of
the Periodic par€iasdakilgatbosheflmiRtutteneinigirst publirsdredhen
"Handbook of Chem stry and Physics, 51st edition (1970- 1971)" by The
Chem cal RubbehyGropgenption of dinitrilébrehieh tisdatrdlysedhdyhydr ogenati on
of adiponitrile is carried out in a known way. The 10 catal ysts
enpl oyed gener dicagtcomer metadt fremsgrowe VIII nef dthe lResswdicom ni ckel ,
cobalt, iron, rhodiumor ruthenium These nmetals can be used in
combi nat i on Swi CRassifagatipnnefethe ocfbenenis evernulihead dm may be nade, as
pronoter elenents, for exanple, of nolybdenum 15 tungsten, titanium
chromi um iron,"Bandieepk egpghemistry cappePhysigserSlsfoladitione (1838m um
| ead, tin, paIIadiun% pl ati num _osmum rhenium iridium
1971) " by The Chemical Rubber Company.
More particularly, the hydrogenation of
adiponitrile is carried out in a known way. The
10 catalysts employed generally comprise at least one
metal chosen from nickel, cobalt, iron, rhodium orx
ruthenium. These metals can be used in combination with
one or more promoter elements. Mention may be made, as
promoter elements, for example, of molybdenum,
15 tungsten, titanium, chromium, iron, nickel, cobalt,
copper, silver, gold, zinc, cadmium, lead, tin,
palladium, platinum, osmium, rhenium, iridium,
antimony, bismuth or rare earth metals.
The catalyst may or may not be deposited on a
20 support. Use may be made, as supports, of alumina,
silica, titanium dioxide, zirconium dioxide, magnesium
oxide or active charcoals.
Preference is given, among non-supported
catalysts, to Raney nickel and Raney cobalt, optionally
25 comprising one or more promoter elements. Mention may

be made, among the promoters more particularly suited

to Raney nickel or to Raney cobalt, of titanium,



antinony, bisnmuth or rare earth netals. The catal yst may or
may not be deposited on a 20 support. Use may be nmade, as supports, of

al um na, silica, titaniumdioxide, zirconiumdioxide, nagnesium

oxi de or active charcoal s. Preference is given, anong

non- support ed catal ysts, to Raney nickel and Raney cobalt, optionally
25 conprising one or nore pronoter elenments. Mention may be made, anong
the pronoters nore particularly suited to Raney nickel or to Raney

cobalt, of titapuUBdenum, tungsten, chromium, iron, zinc, c?ﬁber,
nmol ybdenum tungst'en, chromum 1iron, zinc, copper, st 'ver or gold.

Use may al so besimee ofr Griid.ysts based on ni ckel or on cobalt at
| east partially in the reduced 5 state, which netal is texturized by a

phase conpri sing onNeJsY ¥ @lgepbegmAEbAbS (REQIPELS Baddh tdie form of
oxi des, such as disclosed in Patent WO A-97/10052. Ref er ence

may be made, fatiidiel rdregesdialanat leadt pdirpoallyiig tite thehyptesence of
Raney ni ckel or of 10 Raney cobalt, to, for exanple, Patents
WO A- 96/ 18603, statdEP-whidh/ ¥eth00 isERPeAtQri3€d1BY arphdsd- domidd, didih
The hydrogenation of adiponitrile, nore particularly when it is carried
out in the presmmeenfmore dpiayg metRéb, (Raowgtevbhlin thediam orf
ruthenium is 15 preferably carried out in the presence of a basic
oxides, such as disclosed in Patent WO-A-97/10052.
Reference may be made, for the hydrogenation
of adiponitrile in the presence of Raney nickel or of
10 Raney cobalt, to, for example, Patents WO-A-96/18603,
EP-A-0,737,100, EP-A-0,737,101 or EP-A-0,737,181.
The hydrogenation of adiponitrile, more
particularly when it is carried out in the presence of
Raney nickel, Raney cobalt, rhodium or ruthenium, is
15 preferably carried out in the presence of a basic
compound, such as an alkali metal or alkaline earth
metal hydroxide. .
The hydrogenation reaction is generally
carried out in the presence of a solvent, such as
20 water. In addition, the reaction can be carried out in
the presence of an organic solvent, such as an alcohol
or an amide, or of an inorganic solvent, such as liquid
ammonia. The reaction mixture can also comprise, from
the beginning of the reaction, variable amounts of
25 products of the said reaction acting as solvents.

The solvent is separated from the reaction

mixture, preferably after neutralization of the base



compound, such as an alkali nmetal or alkaline earth met al hydr oxi de.
The hydrogenation reaction is generally carried out in the presence of
a solvent, such as 20 water. In addition, the reaction can be carried out
in t he presence of an organic solvent, such as an al cohol or an

am de, or of an inorganic solvent, such as,liquid amoni a. The reaction
m xture can al so conprise, from t he begi nning of the reaction, variable
anounts of 25 products of the said reaction acting as sol vents.

The sol vent is oth MR R0k h0Bar 1 ot Ak Uiflen PERE 580 Yy 8T ter

neutralization of the base
present in the g4 X{Ad&arit BAdd cul ar when the base is an inorganic
base. The acid added to the reaction mxture after

separation of the catal ysihe aitilde added Ber 888 eecaét don mbxSWES Dcerf OF
exanpl e, sul phuric acid, phosphoric acid, phosphor ous aci d,

hydrochl ori c acéébaxatlidr icf atied ca®alyst @8y beganyciAsiganbelicdrias, for
exanpl e, aliphatic, cycloaliphatic or aromatic carboxylic acids, which
can be nbnosuch gl yamexamrdle, eulphuphat acid, 1Pheychaead ¢ Hmitd,c or
aromati c sul phonic acids. Mention may be made, as non-limting exanples
of organic aci dshosghorouseeatiidc dyiddocplopionacidcod, nifat ke iaciati dr
hexanoi ¢ acid, adipic acid, terephthalic acid, glutaric acid,

any organic acid, such as, for example, aliphatic,

cycloaliphatic or aromatic carboxylic acids, which can

be mono- or polyfunctional, or aliphatic,

10 cycloaliphatic or aromatic sulphonic acids. Mention may
be made, as non-limiting examples of organic acids, of
acetic acid, propionic acid, valeric acid, hexénoic
acid, adipic acid, terephthalic acid, glutaric acid,
succinic acid, methylglutaric acid, ethylsuccinic acid,

15 para-toluenesulphonic acid, methanesulphonic acid or
fluoromethanesulphonic acid. Use may also be made of
acidic resins, in particular resins comprising sulpho
groups.

The amount of acid employed must generally be

20 such that it corresponds at least to stoichiometry with
respect to the basic inorganic compounds present in the
reaction mixture resulting from the hydrogenation of
the dinitrile, more particularly of adiponitrile. The
addition is generally carried out of 0.0005% to 2% by

25 weight of acid with respect to the weight of the

reaction mixture and preferably of 0.001% to 1% as

weight by weight.



succinic acid, nethylglutaric acid, ethylsuccinic acid, 15

par a-t ol uenesul phoni ¢ aci d, net hanesul phonic acid or o . .

f I uor onet hanesul phoni ¢ acid. Use may al so be nade of acidic resins, in
particul ar resins conprising sul pho groups. The anmount

of acid enployed nust generally be 20 sugh that it corresponds at l|east to
stoichionetry with respect to the basic inorganic conpounds present in
t he reaction mxture resulting fromthe hydrogenation of t he
dinitrile, more particul diddh thadaanibel ¢ WMeaciasddEhilon dige oenerally
carried out of 0.0005%to 2% by 25 weight o aC| respect to

vei gﬂt gf t he hxt-aticeagx Wl gHEX tHalse hakd 1R 8her ABhN1RE . OTHQllféé@tﬂoﬁ aS

wei ght by weig

Wien the aci d usietbire aid ari direatesi @ant Be€ther béapaOsEY a@éﬂmwas hardly

any neani ng. The reaction m xture to be treated can either be passed
over the ssaidl mesim o, iif appropriate, resin cam be imdretliced 5
into the mixture before it is distilled. After the addition
of acid, thedbreatta dthe mixtwinet Wedoire dtstikl destihledder to separate the
sol vent and the other |ight conmpounds which it may conprise, t he
hexanet hyl enedi ani ne and Afffer6thei addapioni ofi deidlOthermedtiand the
unconverted adi ponitrile which_it conprises and which can be recycl ed
in a fresh mixture is distilled in order to separate the solvent

and the other light compounds which it may comprise,
the hexamethylenediamine and the 6-aminocapronitrile

10 formed, and the unconverted adiponitrile which it
comprises and which can be recycled in a fresh
hydrogenation. The hexamethylenediamine and the 6-
aminocapronitrile can be distilled successively in two
columns or, in a first step, can be distilled together

15 in order to heat the unconverted adiponitrile for a
shorter period of time. In the second alternative form,
the hexamethylenediamine and the 6-aminocapronitrile
are subsequently separated from one another by
distillation. The adiponitrile can be recycled directly

20 in a hydrogenation operation or can be itself distiiled
beforehand in order to remove the heavy products which
it may comprise, in particular the salts formed by the
acid added. The 6-aminocapronitrile can be hydrolysed
in the liquid phase or in the gas phase in order to

25 result in caprolactam. This hydrolysis is carried out
according to known techniques, in the presence or
absence of a catalyst and optionally after an

additional purification of the 6-aminocapronitrile. The



hydr ogenati on. The hexanet hyl enedi am ne and t he 6- am nocapronitrile
can be distilled successively in two colums or, in a first step, can
be distilled together 15 in order to heat the unconverted adiponitrile for
a shorter period of time. In the second alternative form t he
hexamet hyl enedi am ne and the 6-am nocaprorgtrile are subsequently
separated from one anot her by distillation. The adiponitrile can be
recycled directly 20 in a hydrogenation operation or can be itself
distilled bedoF shadhn r&ndals 1 HRWR 184V Yn P hi ch it
may conpri se, in:%grticular t he safﬁg fornegaggt?ﬁg in ﬁggyﬁﬁgﬁﬁggi The

6- am nocapr oni tThé enSaimdthyededkslthe can Bet N8ekhi GELY ?Qféfbﬁiafﬂythe gas
phase in order to 25 result in caprolactam This hydrolysis Is carried

out accor di thgy preganewpdleehiicues s by reachiefewseh Oidipic alseace of a
catal yst and optionally after an additional purification of the

6-ami nocapronitrile. TheWhen the light compounds have been separatd®d,
caprolactamresults by polynerization in pol yam de-6. The

hexanet hyl endi trg ritl st Iek ivsed svgepepalliycobkarigd out wwd4r epar e

pol yam de-6,6 by reaction wth adipic acid. When the |ight
conpounds have BrFFUafatless thant psrmdephekliat boesssrgeneral |y carri ed
out under a pressure_of |ess than atnospheric pressure.

The amount of by- product FHeorReYnGuPEngYrRECducts dfexmed sduming shy eat | y

reduced in Cc"“ﬁ?éé%Tlé@f&% %s greatly reduced in comparison with a
distillation carried out without prior addition of acid

10 or with addition of acid carried out after separation

of the 6-aminocapronitrile and the |

hexamethylenediamine.

The examples which follow illustrate the invention.

15 EXAMPLE 1
Adiponitrile is hydrogenated continuously at
50°C under 20 bar of hydrogen in the presence of 15% by
weight with respect to the reaction mixture of Raney
nickel (comprising 1.8% by weight of Cr with respect to
20 the Ni) and of potassium hydroxide in a ratio of
approximately 0.42% by weight with respect to the
reaction mixture.
The reaction mixture has the following
composition by wéight: 27% of hexamethylenediamine
25 (HMD), 38% of 6-aminocapronitrile (ACN), 25% of
adiponitrile (AdN) and 9% of water and it additionally

comprises 0.0080% of potassium hydroxide.



distillation carried out without prior addition of acid 10 or with

addition of acid carried out after separation of the

6- am nocapronitrile and the hexanet hyl enedi am ne. The exanpl es
which followillustrate the invention. 15 EXAMPLE 1

Adi ponitrile is hydrogenated continuously jat 50[ err] C under 20 bar of
hydrogen in the presence of 15% by wei ght with respect to the reaction
m xture of Raney ni ckel (conprising 1.8% by weight of Cr with respect
to 20 the Ni) and of potfigsipwedurtic0drdgmiforyaabe@c®bpentandPpidxpyat el y
0.42% by weight with respect to the reaction m xture.

The reaction m k& uiet hdstddsed Wy Qiand itatiteNpoaaliyses by gesght: 27% of
hexanet hyl enedi am ne 25 (HVD), 38% of 6-am nocapronitrile (ACN), 25% of

adi ponitril e (Achyorattb@Bapty water and it additionally conpri ses

0. 0080% of potassi um hydr oxi de. 10
The presence of i m nocyarfotyrd afentrahephio€@PBpric acid ané addedtta by
guantitative analysis by gas chr omat ogr aphy. 63 ny of
or t hophosphobi c42¢id @f ettuidtianixtoire 5 appdogiohtehiyslnngl uper (aphe oxf mat el y
1 nol per nole of pot assi um hydr oxi de) .

potassium hydroxide) .

The water is subsequently distilled off at
atmospheric pressure over 1 h,.

The combined HMD/ACN is subsequently

10 distilled off under reduced pressure over 2 h until a
temperature in the boiler of 185°C is reached.

The ICCP is then quantitatively analysed on a
sample of the distillation bottoms (AdN): 0.003% of
ICCP is found.

15 In order to simulate a continuous operation
during which the distillation bottoms have a longer
residence time, the said distillation bottoms are
maintained for a further 2 h at 185°C.

Quantitative analysis of ICCP is carried out

20 on the distillation bottoms thus treated: 0.010% of

ICCP is then found.

COMPARATIVE TEST 1

This comparative test is carried out on 450 g
25 of the mixture prepared by hydrogenation of_AdN in the
first part of Example 1.
The water is subsequently distilled off at

atmospheric pressure over 1 h.



The water is subsequently distilled off at at nospheric pressure over 1
h. The conbi ned HVD/ ACN i s subsequently 10 distilled off
under reduced pressure over 2 h until a tenperature in the boiler of
185[err]C is reached. The 1CCP is then quantitatively

anal ysed on a sanpl e of the distillathon bottonms (AdN): 0.003% of

|CCP is found. 15 In order to sinmulate a continuous operation
during which the distillation bottons have a | onger residence tine, the

said distillation bottonsrid &combided Hv/AeY fiar sabkeghBge1¢ h at
185[err]C Quantitative analysis of ICCP is carried out 20

on the distill agiopi bDéd ot titfert etr@®d BreteUref over 21 Gt $1tden
f ound. COMPARATI VE TEST 1 This conparative test is
carried out on dafpgraArefin tharibdilier pfepadsed by bpdchgdnation of AdN in
t he first part of Exanple 1. The water is subsequently
distilled off at at NURE erdaP preeshene queatitabively analyséd on a
The conbi ned HMD/ ACN i s subsequently distilled off under reduced
pressure oveb 2sémpleidf athe dismpdredtivme bottoms WaANer 2% 185[ECCRC i s
reached. is found and it is found that 23% of the AdN present in
the starting mixture has disappeared: conversion into
ICCP, on the one hand, and into heavy products (boiling
point greater than that of AdN), on the other hand.
10 In the absence of treatment with an acid
before the distillation of the constituents of the
mixture, the formation of far more ICCP is therefore
observed than in the context of the invention with, in
addition, the appearance of very large amounts of heavy
15 products which have no economic value, at the expense
of the AdN present in the starting mixture.
63 mg of orthophosphoric acid (same amount as
in Example 1) are added to the preceding distillation
residue.
20 The AAN is then distilled off under reduced
pressure over 1 h.
The amount of ICCP and of heavy compounds
remaining in the boiler is substantially the same as

the amount quantitatively analysed before addition of

25 the phosphoric acid.



The 1CCP is then guantitatively analysed on a 5 sanple of the
distillation bottons (AAN): 12% of | CCP Is found and it is found that
23% of the AdN present in the starting m xture has di sappeared:
conversion into | CCP, on the one hand, and into heavy products (boiling
poi nt greater t AdN), on the other hand. 10 I he
absence of tregﬁﬁg%%;%é% an acid bef ore the distill%ﬁ?éﬁ?%%/%ﬁ%?%
constituents of the m xture, the formation of far nore ICCP is

t herefore observed than in the context of the invention with, in
addition, the appearance of very l|large gpRygks of heavy 15 products which
have no econom c val ue, at the expense -gg—ué the AN present in the

starting m xture. 63 ng of orthophosphoric acid (same anount
as in Exanple 1) are added to the preceding distillation resi due.

20 The AdN is tihen dirddddsedo2f khangdeephedussd of Pressure over
1 h. The anount of | CCP and of heavy conpounds remai ni ng

in the boiler ismbubsitniliealdnd tdfe dafenasSby catAdy8iBURydHGGEkAt 2 Vel y

anal ysed before addition of 25 the phosphoric acid.

12 5 of aliphatic dinitriQleAhSing from 3 to 12 carbon
atoms, optionally in the presence of a solvent,
characterized in that the final reaction mixture, the
catalyst of which has been separated beforehand, is
acidified by addition of a sufficient amount of an

10 inorganic or organic acid, before extracting, by
distillation, the products of the reaction and the
unconverted dinitrile.

2. Process according to claim 1,
characterized in that it applies to the mixtures

15 originating from the hydrogenation of dinitriles which
is catalysed by at least one metal from group VIII of
the Periodic Classification of the Elements.

3. Process according to either of claims 1
and 2, characterized in that it is applied to the

20 reaction mixtures originating from the preparation of
6-aminocapronitrile and of hexamethylenediamine by
catalytic hydrogenation of adiponitrile.

4. Process according to one of claims 1 to
3, characterized in that the hydrogenation is carried
25 out in the presence of catalysts comprising at least

one metal chosen from nickel, cobalt, iron, rhodium or

I




1. Process for the preparation of amnonitrile and of diam ne by
catal yti c hydrogenation 5 of aliphatic dinitrile having from3 to 12
car bon atons, optionally in the presence of a sol vent,

characterized in that the final reaction m xture, the cat al yst of
whi ch has been separated beforehand, is ;5 acidified by addition of a
sufficient anount of an 10 inorganic or 0Ofganic acid, before extracting,

by distillation, the products of the reaction and the unconvert ed
dinitrile. 20685 dhRYohOwEL A Bhd.

characterized in t nll|mtl' a lloéglt %et%%e mﬁ% gr es 18 6ri gl na(t)lrn%m%? om t he
hydr ogenati on q5r5ﬁggéfléfghéﬁgésh is catal ysed by at |east one netal
fromgroup VIlI the Periodic Cassification of the El enents.

3. Process accordlng t g ei t hglo¥ssCladicB®ding to andimk. 4characterized in
that it is applied to the 20 reaction m xtures originating fromthe

preparation of charad:exiATap WHay ithe atdmotebexasmenys easdi cliosen by
catal yti c hydrogenati on of adiponitrile. 4, Process
accordi ng to5ongrafi mdlakdentind,0 tungstén,chatant em, zedromithat itdre,
hydrogenation is carried 25 out in the presence of catalysts conprising at
| east one metckelhosdalftr,omappeiel sidekal t goldonzindodeadmim,
13 rutheni um optionally in conbination with one or nore
lead, tin, palladium, platinum, osmium, rhenium,
iridium, antimony, bismuth or rare earth metals.
6. Process according to one of claims 1 to
10 5, characterized in that the catalyst is deposited on a
support chosen from alumina, silica, titanium dioxide,
zirconium dioxide, magnesium oxide or active charcoals.
7. Process according to one of claims 1 to
5, characterized in that the catalyst is chosen from
15 Raney nickel and Raney cobalt, optionally comprising
one or more promoter elements, such as titanium,
molybdenum, chromium, iron, tungsten, zinc, copper,
silver or gold.
8. Process according to one of claims 1 to
20 5, characterized in that the catalyst is chosen from
catalysts based on nickel or on cobalt at least
partially in the reduced state, which metal is
texturized by a phase comprising one or more promoter
metals in the form of oxides.
25 9. Process according to one of claims 1 to
8, characterized in that the acid added to the reaction

mixture after separation of the catalyst is an

inorganic acid, such as sulphuric acid, phosphoric
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prantér el enents. 5. Process according to claim4,
characterized in that the pronoter elenents are chosen 5 from nol ybdenum

tungsten, titanium chromum iron, ni ckel, cobalt, copper, silver,
gold, zinc, cadm um | ead, tin, palladium platinum osmum rhenium
iridium antinmony, bisnmuth or rare earth ggtals. 6. Process
according to one of clains 1 to 10 5, characterized in that the catal yst

i s deposited on a support chosen fromalumna, silica, titanium

di oxi de, 2 dGONISHD LA a@anew%emgﬁera@fﬁleff ghargoal s.

7. Process according to one of clains aracterlzed in that
the catalyst |edmser frbBrgbhiRaneyan sheh apdafppgyrobalt, optionally
conpri sing one or nore pronoter elenents, such as tltanlum

nol ybdenum  chryglwaliighatict ergateRaticNearbORPEic acids) WSl clc4p! d.

8. Process according to one of clains 1 to 20 5, characterized in that
the catal yst | oehasen foromolyfutatabyals baseUlipRati€kel or on cobalt at
| east partially in the reduced state, which netal is  texturized by
a phase conf i siyw aaid phatior erpaeontelc sulphtmis adidde doran of oxi des.
25 9. Process according to one of clains 1 to 8,
characterized iaridiat nesdnacpdefddeblyoconprieingisulpho groups.e after
separation of the catalyst is an i norgani c acid, such as sul phuric
aci d, phosphoric 10. Process according to one of claims 1 to

9,_characterized in that the amount of acid employed is
such that it corresponds at least to stoichiometry with
10 respect to the basic inorganic compounds present in the
reaction mixture resulting from the hydrogenation of
the dinitrile.
11. Process according to one of claims 1 to
10, characterized in that the amount of acid employed
15 represents from 0.0005% to 2% by weight of acid with
respect to the weight of the reaction mixture and
preferably from 0.001% to 1% as weight by weight.
12. Process according to one of the
preceding claims, characterized in that the solvent can

20 Dbe separated from the reaction mixture before or after

Wy

addition of the acid.



Oy y
14~ - acid, phosphorous acid, hydrochloric acid or nitric acid, or
an organic aC|d such as allphatlc cycloaliphatic or aromatic
car boxyl i functional, or aliphatic,

Lds, which
5 cycl oal Wi or gfo‘ﬂégg‘eI@{ﬁ%ﬁpél‘é’@a@“?%PK§ANIZATIOHC| di ¢ resin,

preferably conprising sul pho gr oupmternational Bureau 10. Process accord| ng

enpl ayed ERRATONE Rer carip A IRATINGRE itk eh 1By EOBPRRR BBt ibem
10 rjasiy deaterratonalatdit@dssifidatién®.gani c ¢ Prrpouﬁd§5 ﬂfeﬂﬁﬁﬂ{al ﬁ@l]&h& number' I €aGlb 9659962
m xtlure resulting fromthe hydrogengtion dinitril

11. Pr od#3€ 2523002084819 t 0 one of clajma L(4Bp Internah&r@lplﬁhéih&maﬁ,lsl zed in that
the jampunt of acid enployed 15 repfesepts from 0. 0005% t o 3%dmbeEeioggts. Afog)

acid with respect to the weight of the reaction mxture and

pr ef{d21adhtproptional ppiatcnumberdo Hsmmwghm fr;slwab@bﬁated states: BR, BY, CA, CN CZPImD ¢ SI®,
accdrding to one of the precedi ai s, KR, &6 RUE' se@lsx{,mit,hmt VNN 8uropean
sol 3R Intarpationg! fHing datesar afl bMay 19BHG1L. 95@9 :@act i oPateni (ATUBE, . DEpDKAES, &1, FR, GB,

addi{ti-on of the acid. GR, IE, IT, LU, MC, NL, PT, SE).
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(54) Title: METHOD FOR PREPARING AMINONITRILE AND DIAMINE
(34) Titre: PROCEDE DE PREPARATION D’AMINONITRILE ET DE DIAMINE
(57) Abstract

The invention concerns a method for preparing aminonitrile and diamine by catalytic hydrogenating dinitrile, It consists of 2 method for
preparing aminonitrile and diamine by catalytic hydrogenating aliphatic dinitrile having 3 to 12 carbon atoms, characterised in that the final
reaction mixrure, from which the catalyst has been previously separated, is acidified by adding a sufficient amount of a mineral or organic
acid before it is subjected to an operation distilling the reaction products and the non—-transformed dinitrile, The invention more particularly
concerns the preparation of amino—6—capronitrile and hexamethylenediamine by hydrogenating adiponitrile. The amino—6—capronitrile can
be hiydrolysed in liquid phase or gaseous phase to lead to caprolactame. The hexamethylenediamine can be used in particular for preparing
polyamide~66 by reaction with adipic acid. :

(57) Abrégé

La présenie invention conceme un procédé de préparation d’aminonitrile et de diamine par hydrogénation catalytique de dinitrile.
Elie consiste en un procédé de préparation d’aminonitrile et de diamine par hydrogénation catalytique de dinitrile aliphatique ayant de 3
3 12 atomes de carbone, caractérisé en ce que le mélange réactionnel final, dont le catalyseur a ét€ préalablement séparé, est acidifé par
addition d'une quantité suffisante d*un acide minéral ou organique, avant d’&tre soumis 4 une opératon de distillation des produits de la
réaction et du dinitrle non transformé. Elle conceme plus particulidrement la préparation d'amino~6 capronitrile et d’hexaméthylénediamine
par hydrogénation de 1’adiponitrile. L'amino~6 capronitrile peut &tre hydrolys€ en phase liquide ou en phase gazeuse pour conduire au
caprolactame. L'hexaméthyl2nediamine peut servir tour particulitrement 2 préparer le polyamide—66 par réaction avec 1'acide adipique.




