s e3eaZ [aW*+ ", . 6.T./=LI12 Septenber 2002 *@00002* 1 PROCESS FOR THE
PURI FI CATI ON OF ALI PHATI C AM NONI TRI LES The present invention relates to a

e ronn oty RN .t o172 LS o ooy o FEsPRnBE002 |

prepared by hydr egewati on of one of the two nitrile functional groups of
adi ponitrile. Thus, Patent US- A-5, 1S1, '5143 di scl oses a process for the
partial hydrogenation of dinitriles to amnonitriles, in a solvent in nolar
excess of at least 2/1 to wth respect to the dinitrile conmprising liquid
amoni a or an akbkapol CRMPLE S r#Bat N GBNAET MBS S gk tde said

al kanol, in the presence of a catalyst of Raney nickel or cobalt type.

Pat ent WO A- 96/ 18603 ditecbesesnta ipresess frelatdwe tdSahprmdasdr 6genat i on of
aliphatic dinitriles to the corresponding am nonitriles using hydrogen and
in the presefite Porifieatigny’f THedeh!f rafhPRBARYLIfiSCRBE ¢ Raney cobalt)

t he sai d Raney  ni cl_fgllrl or fcgl_agl t_ opti 0{1‘&' I%corrpri sing a dopi ng el enent

chosen fromRHe ‘sFahent & frorﬁ”ﬂ?cépgﬂpsﬁ Vib, VIIb and VI1I of the

Periodi c { assificati gnapfindhg Bherenis i%”ﬁeﬁéf&lyaﬁgeﬁrea gt,rong i norganic
base deriving froman alkali nmetal or alkaline earth netal, the starting
hydr ogenat i dnydredeoat conpti snag invater twa miarplopontt omadf gabupeast 0. 5% by
wei ght with 25 respect to the conmbined |iquid conpounds in the said nedium
di am ne and/BHPAFhbHIG T iTPRS . WASERE AN e Lot mY 8RR Ginitrile to be
hydr ogenat ed, 23 sWekdr 8%ieUPSANMAT hoGrSidHalibh €t idin@e PYIQROELI ON for these

t hree conbi ned conpounds of 80%to 99.5% by weight with respect to the 30
conbi ned | i qanichoadnpiolasds inna tded veat dinmedilam etdesssaf dac leddt Sefat enber 2002
z process making it possible to obtain a selectivity for the targeted

am noni t }9 | 658 raFPiHadt BEodimiéraie t1EPEoSIDI ke amgpnia or

6- am nocapr oni tr'kl e {al so 5nown as.ACN for gonveni enes in_the present t ext)
. .an alkanol campris afn. inotgapnic Bdse so01 e .in e 1
5 consists if reacti ng 1 W TP Wat eroahd 1n cyclzing i f ycT|2| ng

hydrol ysi s) dika@ederid @nebpaddereapsel actaan y¥higrhrhsed A cREArdF Ng materi al
for polyam de 6. This cyclizing hydrolysis can be carried out in the liquid
phase, as distladsetypsnr Pat ent WO A- 96/ 00722, or 10 in the vapour phase, as
di scl osed in Patent EP-A-0,6S9, 74% or_ Patent WO A-96/ 22974,

6- Ami nocapronitrile sdBf&Rt % 6 8¢9 AGSHIMSI §sPOFER EQhtHien up to
several per HEHthgioééHyﬂEbﬁ|é%haliphatic dinitriles to the

corresponding aminonitriles using hydrogen and in the
presence of a catalyst chosen from Raney nickel and Raney
cobalt, the said Raney nickel or cobalt optionally
comprising a doping element chosen from the elements from

20 Groups IVb, VIb, VIIb and VIII of the Periodic
Classification of the Elements and zinc, and of a strong
inorganic base deriving from an alkali metal or alkaline
earth metal, the starting hydrogenation medium comprising
water, in a proportion of at least 0.5% by weight with

25 respect to the combined liquid compounds in the said medium,
diamine and/or aminonitrile, which can be formed from the
dinitrile to be hydrogenated, as well as unconverted
dinitcrile, 1n a proportion for these three combined
compounds of 80% to 99.5% by weight with respect to the

30 combined liquid compounds in the said medium, the said
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such 'as hexamet hyl enedi ani ne or various inmines fornmed during 15 the

hydr ogenati on of adiponitrile, without this prohibiting the said cyclizing
hydrol ysis reaction. This is particularly the case wh isis
carried out in the vapour phase. However, a portion oﬁQt%‘g@%m?(’rgr{)gél i es,
Converted or otherw se during the hydrolysis, may be reencountered in the
20 caprol actam obtai ned. Now, even if the amounts of inpurities which can
be found in the caprolactamare relatively low, for exanple of the order of
1to 2% the purity required during the subsequent pol ynerization of the
caprol act am L oS laRdhg thie pRYEifiL /L 8P #fn tahge st i BRPT BhAGHAM can prove
Z5 to be conplex and very expensive. The purification of the 6

am nocapr oni tardetennkasnotitpodss bbfe atoleastplddey the purification treatments
of the caprol act am obt ai ned. Thu% f.or exa the treatnment of the

| e,
caprol act am di scl osed PR (it ERE BRYSSAS8/ 6 HECAPFPRE e by passing
over an 30 i e i IStk QN %A(}?& 12 Sept enber
2002 3 am noggﬁﬁﬁﬁgwl Eéé ?%%5????%{3%&%% clglntg i tIStOeI’I;:L% F‘;‘/x%)onpri se a
hydr ogenati oBofpiastat iiinreddt ihfei6-thnesedr Ginidt Lhl €/d1azingtideen
sufficiently purified before its hydrolysis. A purification of
6- am nocapr ofhfY¢iizngehpireivisisb bopreesi bh dbgesn ceanrelactam cdwch
consequent |y, be regarded as techni call nd .ecopom cal ly highly useful. The
present invehtidH %gﬁﬂ:%?%m “att Icfgjtri é%f’{/a %ﬁp?e process for the
purification of am nonthid lc§c1sricly agatdB, AW chh 0 IQRrodathR in
6- am nocapronitrile obtained after 1o separation of the unconverted
adi poni tril etlor ldiguédt pljadsy BredismErtedfin Rateahcd#@-dn 96V X2 WRB Prom t he
hem hydr ogenati on of adiponitrile. Hexanethylenediam ne is coproduced with

6am nocapf oni® rif%e VaBPFHPHARE h%lddﬁéﬁ%??%ﬁ%oipaﬁﬁrp&?i‘t“fpl%5.9'1731It can

ei ther be separgted. gomlLLehy,pr partially, fromthe said
6- am nocapron?t%tl etbe€ore t/he treatment of the latter or, preferably, be

kept in the m xture ,foratihecspidhiti-ens n@mjectad tde cpeeseiig t ext) unl ess
ot herw se specified, the term 6-am nocapronitrile (or ACN) will therefore
cover 20 6- aRTHOBASEE- AT rdonE2EmdA £8 ff%uAleBetii tanthefakmryniiténedi am ne.

Vore general Ly., LieyLeL i am nomdiLile denates, N ie present, text) a

medi um conpri ST h§  an am NoRi trT1 e t6 bd puritred End opttonall’y dhe or nore
di ami nesisz5chd HRARSESAS: I 6F SRBGchieal 14/, Wi thob atlikngrawiAmipgni trile
and preferably 6-am nocapronitrile to a hydrogenation wth nol ecul ar

hydr ogen i n the spidseynck zdhgahydnadlygss eoaqiiioni nthis isepsttiomdapkyal chosen
from pal | adium plati num_ruthenium, osm um_ .iridiumor rhodium 30 The
process of the i‘%\?EnW%’h té‘ﬁpf"?"g OhYSrE 15 PFraEPteHber 5BV %pecifical ly

to the purif'ﬁégé.0909év£%ﬁﬂ§ Bgﬁﬁﬂﬁkatfﬁééé %RQuLIEﬂE%EtESﬁ%é¥céafoLhat .
obt ai ned by hem hydrogenation of adiponitrile, such as that described in
t he precedi ngtherwise during the hydrolysis, may be reencountered in the
20 caprolactam obtained. Now, even if the amounts of impurities
which can be found in the caprolactam are relatively low,
for example of the order of 1 to 2%, the purity required
during the subsequent polymerization of the caprolactam is
such that the purification of the said caprolactam can prove
25 to be complex and very expensive. The purification of the 6-
aminocapronitrile makes it possible to simplify the
purification treatments of the caprolactam obtained. Thus,
for example, the treatment of the caprolactam disclosed in

patent WO-A-98/05636 can be carried out by passing over an

30 ion-exchange resin and distillation, when the 6-



paragraph. 5 This catalyst conprises either one or nore pronoter elenents
generally chosen from Goups Ib, Illa, IVa, Va, Vla, VIb and VIIb of the
Periodic Classification of the Elenments, such as publi i ndbook
of Chem stry and Physics, 51st Edition (1970-1971) by 1?%‘%&@91“329%%&
10 Conpany) or is subjected to a preconditioning stage which consists in
bringing it into contact with a selectiyating agent before or at the

begi nni ng of the hydrogenation reaction. This preconditioning stage is
optional when the 15 catal yst conprises, as catalytic elenent, an el enent
chosen from the, arolBn¢PRSIES NGy O ¢ Ut NER Wiy Qéﬁlé&ana'lﬁl(dééHBri‘Qﬁ_ rhodi um
in the presence or otherw se of pronoter elenments. In contrast, this stage
i S necessaryawhpdrdde@at bl opetra € DSPr iifeshars -almereaipemisenld e t he group
Zo conprising palladiumand platinum in the absence of pronoter el enents.
Mention may BeterRe sHSLsdamslesPwiliiiegnectreeisferdrodyriabl e for. the
invention, of elenments,such.as gold .silver, copper. .chrom um . SI ybdenum
tungsten, z5 germani um R, tread)” Bor on’ ga FPum - indruny  thalttum
phosphor us, 868estsGonaihidTRAY roli&HH Ban Sedddien6B) &R WaYat&ld HEi UM
manganese, rhenium vanadium titaniumor zinc. These pronoter elements can
be in the freechwmiraaldy amd telgencoidsligdhignly usefubxanple in the form of

oxi des 30 or of salts._ They have the aim of inprovi ng the selectivity 12

Sept enber 2002 s of thE*hPdreERNAIERbI" 1381 Aptirth PesF et P&LYi cul ar of
the imnes, Qymisl@;p%gégyg f%\feEhénHulerierga@j}/&{ %Qeﬁﬂﬂc?ﬂtgg%éR%Nd&Er %g' e

functional group of the amnonitrile and in particular ey are
preferably eopéqyadricitidn pdl tiadiaHamipbaid vondr ante ratthenédimfeatal ysts. The
pronoter elenent/catalyst nmetal ratio by weight varies according’ to the *

pronot er 10| t SeR2YFEAEPPT IS iU O A IR0 r T % directly pref erably
between S an rggtsmeb)é gﬁi rgat rggéts%rr%i%t?&ot&%%)t éjg‘h ag gi | ver.. .For ot her
promoters, this Tatio 1o Dy Werght varres between FoB19E 103"

Accordi ng tooanpiikenieharacteristic of the invention, the catalyst of the
i nvention can be subjected or is subject, according to its conposition, to
a preconditioni ng stagéexsmechymleds antngassichpeodurddnpiovest he 15

selectivity of the hydrogenation, that is to say to inprove the degree of
hydr ogenat | o BICPRETHUNFL FRE S PRCMETRIGRALITT &F SHLPORE TEnes, whi | e

keepi ng the dewrfe etndy H098patdQa, Ok odhi taT, NOPIJdvicli81 8, & BhNi Mum val ue.
the said 6-aminocapronitrile before the treatment of the
latter or, preferably, be kept in the mixture for the said
treatment. In the present text, unless otherwise specified,
the term 6-aminocapronitrile (or ACN) will therefore cover

20 6-aminocapro-nitrile and its mixtures with
hexamethylenediamine. More generally, the term aminonitrile
denotes, in the present text, a medium comprising an
aminonitrile to be purified and optionally one or more
diamines.

25 It consists more specifically in subjecting an
aminonitrile and preferably 6-aminocapronitrile to a
hydrogenation with molecular hydrogen in the presence of a
catalyst comprising at least one metal chosen from
palladium, platinum, ruthenium, osmium, iridium or rhodium.

30 The process of the invention applies more



Thi s’ preconditioning stage consists in subjecting zo the catalyst to a
fluid conprising a selectivating agent. This treatnent can be carried out

on the catalyst before it is charged to the hydrogenaki by
treatment with a flow of hydrogen conprising a certai tr‘lhgrﬂe;gﬁni éor?i&oz

sel ectivating agent. 2s However, in a preferred enbodi nent of the
invention, the preconditioning of the catalyst is carried out directly in
t he hydrogenation reactor, at the beginning of hydrogenation, either by
feeding a flow of hydrogen conprising the said selectivating agent for a

pr edet er m nedo30: Q61 0¢ ©f chieNpusifildaeiétod @ -baesbddpeodestied aagount of
12 Septenber 2002 6 sel ectivating agent or by feeding the said

sel ecti vat i ngn gopemticasan 9fi xhar eobmiatihed hey fHeowhpfiregrnaonenrefi e t o be
hydrogenated for a period of tine correslp,ondi ng to feeding the desired
anount of t hadRa™dCagent SUSTOrS ddtitsdesar et Wit iﬂ’fﬁcﬁﬁg‘?ﬂ can be present
si mul t aneous],y; &{&a%ge fl ow of hydrogen and the amnonitrile to be treated,
it being possﬁble or this agent to be identical or different. Mention nmay
be nmade, by way of exarfilsecaaslysx sempridasaiciinfengeiat osundmbl e for the

i nvention, of those belonging to the group conprising carbon nonoxi de,

organi ¢ sul pREATAtEFpBLARENtEngeRe iy c CRPrb HEPUsCEBMSoGRdS I Ijhr e

specifically, the organi ul ph onpounds, can.be chosep. fram the group
conprising t Y%uS’é‘a g%ad, ﬁ't@ igdt};eIrﬁ%vg i%es,spetrﬁf’%Jrcs aﬁaséﬁ(‘i/ aR il %ﬁl des and

the organi ¢ PROSNRALHSs CRRAULS b1 Qhe &6 10 AHPHERIHIGKSHAL-HRRQS PR} t es,
al kyl hypophosphites and al kyl phosphates and thi ophosphates. According to

anot her charawot éhystice, dflsth8dPoiannvef?d ord7 10 hey diteudhenicalelRebbeéwvat i ng
agent added per tonne of catal %st to be Rr ecandjtioned (inclyding support)

i s advant@gevU¥dYhet hedh SHP3 A 18 Ao P SaF et iVal A% afeft per tonne
of catalyst. Jh8 R¥d{pa8NaLERY A QaeSScirddiewt AY 8N 9B BKRS ng

agent before or at the beginning of the hydrogenation
reaction.

This preconditioning stage is optional when the

1s catalyst comprises, as catalytic element, an element chosen
from the group consisting of ruthenium, osmium, iridium and
rhodium, in the presence or otherwise of promoter elements.

In contrast, this stage is necessary when the
catalyst comprises an element chosen from the group

20 comprising palladium and platinum, in the absence of
promoter elements.

Mention may be made, as examples of promoter
elements suitable for the invention, of elements such as
gold, silver, copper, chromium, molybdenum, tungsten,

25 germanium, tin, lead, boron, gallium, indium, thallium,
phosphorus, arsenic, antimony, bismuth, sulphur, selenium,
tellurium, manganese, rhenium, vanadium, titanium or zinc.

These promoter elements can be in the free form
or in the combined form, for example in the form of oxides

30 or of salts. They have the aim of improving the selectivity



25 it possible to very significantly decrease the anount of inpurities, in
particular of imne type, present in the amnonitrile and in particular in
6- am nocapronitrile. The presence of such inpurities i§d.l and
expressed by a high pol arographic index (this nunber :12 g&@#ﬁé‘%’%@nom 30
by the abbreviation POLN). The presence of such inpurities 12 Sept enber
2002 or the measurenment of a high POLN;would be reflected in particular by
t he appearance of a coloration and the formation of branchings during the
pol ymeri zati on of the caprol actam obtai ned by cyclization of the

ani noni tril egei fned HyRYg¥RIt8 HEBACHINLAREH d ik st hen | gditakul AP chiBese

i mnes, tetrahydroazepine (THA) is one of the nost well known and one of

t he nost dif intnds, by Lemibicingnepar toceal alre hyddpgenddiani of.thHen contrast,

t he hydrogenation carried out according to the process of the invention

does not io BrYRi¥S CHRACH{PHFT SEPUR HRF APEr MR FYRELTOMRY §Roup of

6ami nocapr oNpLLLI & FNGe RhAr @RLARNIL ol 0EEXa19ELRS T ARA DY PO ar ogr aphy, i s

expressed in noles of Imne functional group per tonne of sanple to be
guanti t at bvepylUetiery pettinlin ¥ad i nurheheachniagaegs bay aheephoqutad ded for the
removal of THA. Thus, Patent WO A-93/14064 di scloses the reaction of THA
with a conpofhdeftyFaaml it NP2 hetahiiceRYE W iGHS, Vatter AScREEBIE tFile or

ni tromet haney, [ n ofdet, t o oktaln an, additl on cagpound f higher mol ecul ar

: twee .
mass whi ch 20 tan be Sépadaratéd”nore € S|T‘yefrom 6-amnocapronitrile. Such a

techni que i nyQl MeS st BeefdHIAGUESLERIREIOE Bnd s 83CE A he WHE Cdbfelir t her
conplicates the already conplex treatnments of 6-am nocapronitrile. In

addi tion, theroompoendsucised akbvarl dorvethereppensiass . andisamation sonme
cases, be problematic 25 to _use (nitraonethane or nitroethane, for exanple).

Pat ent EP?A-BY SCFIA50VHT S bEEECThe B3P 13%t i*8R- of 6- ami nocapronitrile by

reduction of tetrahydrQazgping MUSiGehe Y M dere FIYE PBELGUIl arly sodium
bor ohydride, in an anount much greater than the stoichionetric anount, 30

preferably 4iteedribnpeshd hatadysk stfoicbhi iedntiion atmume. sGupdrtedldr Sept enber
2002 s a process can hardly be envisaged on an industrial scale because of
the very hi ghS co%08<hf ZRWIRPAriUeSs FATRRFICEPBN,tY Re presence of hydride

can conplicate the. equent _treat nent, of .6-am ngcapronitrile. The
v ogenat | ap et aiEERERY SRkt AR ¥ BEL O A R ci ont. 1
can be cairi ggheudivacgasdichg hpdtdRndsuah, teehni gues sayheo hiwgbragenati on can
in particular be carried out wmth a catal yst deposited as a stationary bed,
Wi th which thee ABNree ok hydgagerktard PRetheo Impdrbyes a@fetiy ought into

contact. Thea&QggggggQ éj(glc%agsagé¥%e2? gﬁ?fg %gegkﬁg\ﬁh%hdggree of

hydrogenation of the aminonitrile at a minimum value.
This preconditioning stage consists in subjecting

20 the catalyst to a fluid comprising a selectivating agent.
This treatment can be carried out on the catalyst before it
is charged to the hydrogenation reactor, by treatment with a
flow of hydrogen comprising a certain amount of
selectivating agent.

25 However, in a preferred embodiment of the
invention, the preconditioning of the catalyst is carried
out directly in the hydrogenation reactor, at the beginning
of hydrogenation, either by feeding a flow of hydrogen
comprising the said selectivating agent for a predetérmined

30 period of time sufficient to feed the desired amount of



catalyst suspended in the reaction mxture by stirring. The catal yst

enpl oyed gen
on a solid 1
limtation,

erally conprises the active netal finely divided and d
5 support. Mention nmay be nade, as supporgzswhygggéré
of oxides, such as alum na, zirconia, titaniu I OXi de

eposi ted
lied
or

silica, or alternatively active charcoals. Preference is given, anong the
catal ysts enployed in the present process, to those which conprise
20 pal I adium which catal ysts prove to Be particularly efficient.

hydrogenation is carried out at a tenperature conpatible with the stability

of the am no
whi ch makes

i@ieaggélgvaacqﬂgpyge%tp@;t i;we%'iy%oéhé ’idogeféﬁi(?rg@i&ﬂnd’

(O] e to have satistactory kinetics, on the o

at | east
The

and
t her

hand. A tenpagaherfs of mbetweeni2AGand15806F i fniksuatlyiswot bl e. The

hydr ogenati o

n will preferably be carried out at the | owest possibl

e

t enper at ur e twdpeddisitednwieh a perkpherli c¢smebfertespendBeg THee fabdiiaut e

hydr ogen pre
can vary wt

ssure at the 12 Septenmber- 2002 9 hydrogenation te
ﬁ?‘ﬁ &ﬁfereﬂdi AfeEE P? Fge JEHEr 7Y bet Wgen % bar and 138

erature
bar but

is preferably between 3raifh, 38, barselldetriatfily REERS S HOpdiddifce the

anmnonitrile

, 5 for exanple ACN, in a solvent in order to Subject

it to the

hydr ogenat i osiopkratdconly Howehver Flahefphederden aundnthorandannberidarri ed out
in the presence of variable anpunts of solvent. The solvent which can be

used nust th
hydr ogen. 10
sol vents, of
proportions;

&R BR §5RECEdwnith bﬁég‘ée%‘:tsstialti heParfitdenfe%39 &o( BEN) and
iNention g@ydf¥%éPEg@’ as non-limting exanples of such

wat er and ammoni a. The anount of water can vary wthi
it preferabidionepagsentadbl o5y Gayt ord48%dpreneaght of

wei ght of ACN to be treated and nore preferably from0%to 30% Th

10

15

20

25

30

selectivating agent suitable for the invention, of those
belonging to the group comprising carbon monoxide, organic
sulphur compounds and organic phosphorus compounds.

More specifically, the organic sulphur compounds
can be chosen from the group comprising thiourea and its
derivatives, thiols and alkyl sulphides and the organic
phosphorus compounds from the group comprising phosphites,
alkyl hypophosphites and alkyl phosphates and
thiophosphates.

According to another characteristic of the
invention, the amount of selectivating agent added per tonne
of catalyst to be preconditioned (including support) is
advantageously between 0.5 and 15 mol of selectivating agent
per tonne of catalysct.

The hydrogenation process of the invention makes
it possible to very significantly decrease the amount of
impurities, in particular of imine type, present in the
aminonitrile and in particular in 6-aminocapronitrile. The
presence of such impurities is illustrated and expressed by
a high polarographic index (this number is generally known

by the abbreviation POLN). The presence of such impurities

n | arge
t he
e



15 amoni a can be used in even nore variable anounts, for exanple between
0% and 1D0% by wei ght of the weight of ACN. The presence of water and of

anmoni a can al so be envisaged in the process of the i ti.on, T
hydr ogenati on i s advantageously followed by a 20 di st ﬂ?ﬁf%qtgwb%?@g makes

it possible to separate the ACN fromthe hydrogenated inpurities, in
particular fromimnes converted into amines, as well as fromthe

hexanet hyl enedi am ne which it may conprise. This distillation is carried
out according to the usual 25 techniques. The purified ACN is subjected to

a cycl izing Ry ghyl S ielia5H 0N driRLBL1a hESULEL Mgt dan shhe formation

of caprol actam is cycltzing hydrolysis is carried out 1n a known way,
ei ther in theat@peulaPhysenhéraggeadantdiet aqublbftasa. and ItheSept enber 2002
i 0o The exanples given below solely by way of indication illustrate the

i nvention. 8CEogmetien it Aryaehigwspdsehdithferal meripdt Sor@fosheed on an

al um na support . 3"s by _wei of Pd) _are pl d as.a stationary bed in a
reactor. ' Tﬁ@pfégfﬁﬁat%olxga]c "%Hr]itbé’dc%%fngt%lgac?gﬁt%‘euﬁ'ale‘??%tﬁflbj?Odefyn pressure
(under wardn GoRYI {éANDeeBbodtt b id hgéiaat@p.cmagl thddee ippRLoyed _
exhibits an io initial polarographic index (POLN) of 84 nolt. 350 g of this
ACN are intr oegcedydinadepgenatTlidn beiang odr thednasgt wehl XoowBOamver t he

catal ytic bed. The variation in the POLN nunber and the degree of
conver si on ofP"€h8L AR ERFE r 1 1Y Nt &°BRER; f’irbé’lalr§l‘f‘l‘1]€‘rlg’yl oss of

ami noni tril e (Jugs | eadid NYArO4RRaLE oLl niBfoddtldeibn &Lfi4Al LN Ned. The
latter value s determ ned by vapour phas
according to the process of the invention does not
10 significantly affect the nitrile functional group of 6-
aminocapronitrile.

The polarographic index, determined by
polarography, is expressed in moles of imine functional
group per tonne of sample to be quantitatively determined.

15 Various techniques have been provided for the
removal of THA. Thus, Patent WO-A-93/14064 discloses the
reaction of THA with a compound with an active methylene
group, such as malonitrile or nitromethane, in prder to
obtain an addition compound of higher molecular mass which

20 can be separated more easily from 6-aminocapronitrile. Such
a technique involves the introduction of a new reactant,
which further complicates the already complex treatments of
6 -aminocapronitrile. In addition, the compounds used are
relatively expensive and can, in some cases, be problematic

25 to use (nitromethane or nitroethane, for example).

Patent EP-A-0,502,439 discloses the purification
of 6-aminocapronitrile by reduction of tetrahydroazepine
using a hydride, more particularly sodium borohydride, in an
amount much greater than the stoichiometric amount,

30 preferably 4 to 5 times the said stoichiometric amount. Such



chromat ographi ¢ anal ysis. The results obtained are collated in Table |
bel ow. 20 COVPARATI VE EXAMPLE 2 99 g of a catal yst conposed of netallic Pd

deposited on an active charcoal support (0.5% by wei Q%%Ptgfm’efi | aced
as a stationary bed in a reactor. The reaction is carried out a and

under a 25 hydrogen pressure (under warm conditions) of 20 bar. The

6-am nocapronitrile enployed exhibits ap initial polarographic index (POLN)
of 92 nmolt. 278 g of this ACN are introduced in 3 h over the catal ytic bed.
The results obtained are collated in Table |I bel ow. 30 COVWARATI VE EXAMPLE

3 12 Sept egf‘ﬂﬁqc%gg%ga 149 9 yObe &rcALALYS lorf QAP 3&Ek Qi s TR Al ¢ N
deposited on a silica support (56% by weight of Ni) are placed as a

stationary beécduseacfeeltd oreryThigh emsts00f | suchahydeiiesut at 80C and under a
5 hydrogen pressure (under warm conditions) of 20 bar. The

6- ani nocapr ob taddig iehp| e @TEREREH °F BMITYS icaP pItRAiSgEapHiT i ndex (POLN)
of 92 molt. 299 g of this ACN are introduced in 3 h over the catalytic bed.
Pol ar ographi?: EXD YSI's 0 {fhe t Teat 64 - ACN&BHoWs "4 10 POLN val ue of 380 nolt

and thereftore markedl yrhd ghakoddradt ibal 05 ea tyi@pl BBse rat46n Quitfcha cat al yst
conposed of Pd and of Ag deposited on an alum na support (0.2% by wei ght of
Pd) 0.1% 15 pyovsei ght bofhisglyaeefigligned B cansbat¢orried bed in a reactor.

This catalyst is sold by the copmpany Procatal yse under the nane, LD 271. The
reaction is tHYiea9okr W §6‘(‘f‘gﬁﬁf 48rey fé‘eh%‘#l’boggé‘ﬁ‘afﬂ%‘és‘ifﬁel?under war m

conditions) ofy3D3kr JH&L+20ENAGARALCR § TddiR160P AREiBXQI QU s an
stationary bed, with which the ACN to be treated and the
10 hydrogen are brought into contact.

The hydrogenation can also be carried out with a
catalyst suspended in the reaction mixture by stirring.

The catalyst employed generally comprises the
active metal finely divided and deposited on a solid

15 support. Mention may be made, as support, without implied
limitation, of oxides, such as alumina, zirconia, titanium
dioxide or silica, or alternatively active charcoals.

Preference is given, among the catalysts employed
in the present process, to those which comprise at least

20 palladium, which catalysts prove to be particularly
efficient.

The hydrogenation is carried out at a temperature
compatible with the stability of the aminonitrile and more
particularly of ACN, on the one hand, and which makes it

25 possible to have satisfactory kinetics, on the other hand.
A temperature of between 20°C and 150°C is usually suitable.
The hydrogenation will preferably be carried out at the
lowest possible temperature compatible with the kinetics
objective. |

30 The absolute hydrogen pressure at the



initial polarographic index (POLN) of 92 nolt. 299 g of this ACN are
introduced in 3 h over the catalytic bed. The results obtained are coll ated
in Table | below. 25 EXAMPLE 5 140 g of a catal yst COE@%%S OE) Ego d of Au
deposited on an al um na support (0.2% by wei ght of Pd eost i ght of
Au) are placed as a stationary bed in a reactor. This catalyst is sold by

t he conpany Procatal yse 30 under the nanme LD 277. 12 Septenber 2002 12
The reaction is carried out at 30C and @nder a hydrogen pressure (under
warm conditions) of 5 bar. The 6-am nocapronitrile enpl oyed exhi bits an
initial polarographic index ( of 92 nol/t. 299, S5 this ACN are

i ntroduced i Hygrwmﬁ%h%e%aww CAeyarHE g ride gﬂf"éfﬁed“arlé col | ated

in Table | bg%m@% EXARLGodu 139 pLEDEA! G0 Db idch sk b i diabgn of carbon

nonoxi de in gen w at t begi nning of the to reactl on. 0.2 mol
of CO are thﬁétdv@éd’(ldldﬁ&dso that is to say 2.5 nol of CO't of catalyst. The
hydr ogenation is carried out wwth 300 g of ACNin 3 hours. After 3 h, the

poI arogr aphi c i ndex i SIQOlﬂnmIOtC ne¢Rs sapyt F@Idlﬂ&tﬁuﬁ%raﬂbépﬁgt%mol t.

~' ~L~t HPLE 7 _Exa repeat ed usin i ght . of er as
sol vent . fhefaﬁr%par“? ’hemh?d?%]gve%‘ét B tFiou‘:‘*,¥’ee 15 %%ptt Enber 2002
101/%ve Exarpl%gwh%yége%men P&%Q&@AO%@LE@-NH@%@E%& harAehi &S Start/in

ig i ni shof
ACNchar gedl, Bd/@dzr@e&O@@iilW/tMcprqmnaefof/e&rﬁdbl\i PeBO261096/ 16conpara-fiv
e4Pd- Ag/ Ali 014050. 492/ 185Pd/ Au/ Al, Q, 3051, 692/ S86Cat al st80201 692/ 20Ex. 1,

pre- condi t i oABHTRHt-alTHEt IDEE S 9B HBELAT 405 98P0 B Ra Ben PEoIReN enber 2002

-14 CLAI M5 with respect to the aminonitrile (ACN) and hydrogen.

10 Mention may be made, as non-limiting examples of such
solvents, of water and ammonia.
The amount of water can vary within large proportions; it
preferably represents from 0% to 40% by weight of the weight
of ACN to be treated and more preferably from 0% to 30%. The

15 ammonia can be used in even more variable amounts, for
example between 0% and 100% by weight of the weight of ACN.
The presence of water and of ammonia can also be envisaged
in the process of the invention.

The hydrogenation is advantageously followed by a

20 distillation which makes it possible to separate the ACN
from the hydrogenated impurities, in particular from imines
converted into amines, as well as from the
hexamethylenediamine which it may comprise. This
distillation is carried out according to the usual

25 techniques.

The purified ACN is subjected to a cyclizing
hydrolysis, by reaction with water, resulting in the
formation of caprolactam. This cyclizing hydrolysis is
carried out in a known way, either in the vapour phaée or in

30 the liquid phase.



ON ENTERI NG THE NATI ONAL PHASE 1. Process for the purification of
amnonitrile, characterized in that the 5 aminonitrile is subjected to a

hydr ogenati on with nol ecul ar hydrogen in the presence
conprising at | east one netal chosen from pall adi um p“lo"’f 'i?bnt%mtb%l%%em um

osmum iridiumor rhodiumand in that the said catal yst conprises one or
nore pronoter el enents chosen fromthe group consisting of gold, silver,
copper, chrom um nolybdenum tungsten, germanium tin, |ead, boron,
gallium indium 10 thallium phosphorus, arsenic, antinony, bisnuth,

sul phur, sel eheuaxadpdlelsugivwem beAngasEsdy bhemwmt vaddcdivin titani um and
zinc or is subjected to a preconditioning stage which consists in bringing
it into cont é&ltl‘l%’f%eatgél BMSNF&PRng agent before or at the begi nning of

t he hydrogen%&%@f@iﬁg&%eﬁ_lﬁocess for the purification of

amnonitrile racterized 1n that the 15 amnonitrile is subjected to a
hydrogenation with nol esud af Rydaegeiti Rokpesdd @Feneeanficapgat al yst
conprising at |east one netal chosen fromruthenium osmum iridiumor
rhodium 3. Pepessmdacporuiaigmioaesudpertofloclinys weigind o, Pdharmxct eri zed in
that the am ngnit iIe is 6-am nocg‘g&om trile. 20 4. Process according to

one of clai mE*3°% ARG HEBFY 28T i tahé?aﬁcrﬂar cat al yst corrprl ses at | east

pal | adium 5. Pr ocess @ccordl ng_to oréearg'; A8 aé acterl zed in
that it is carried out A A Terpardt Gr&"oF be‘fvv?en Gca%‘ﬁ C* 6. Process

accordi ng tohgg %’Lt ggggg@rel dRadr SR gg&gﬂhléo(?%)l Be thet, . Et is 25 carried

out under hydr ogen pressure at ydrogenatl on tenperature
| ying between 1 bar anthd 0 abanoedrtopiet eradmnplbetaeamidiand SO bar. 7.
Process according to one of clains 1 to 6, characterized in that the

cat al yst @nplojekhlc paprreespihe rsda d PREY B O iBrelmgl b vidd@dg arfd deposited

on a solid s ort 30 8. Praces ccordin Ia m 6 or. characteri zed
in that the gﬁg diF 8fe 1Y 2YER e%grroﬁﬁﬁ%l% FhEI ce?t%llﬁétmfcs *Bhosen from

al um na, zirgopif JdvklkamhdiB8Loyt dehedllica or active
The variation in the POLN number and the degree
of conversion of the aminonitrile, or more specifically the
15 loss of aminonitrile due to the hydrogenation of the latter,
are determined.
The latter value is determined by vapour phase
chromatographic analysis.
The results obtained are collated in Table I below.
20 COMPARATIVE EXAMPLE 2
99 g of a catalyst composed of metallic Pd
deposited on an active charcoal support (0.5% by weight of

Pd) are placed as a stationary bed in a reactor.
The reaction is carried out at 80°C and under a
25 hydrogen pressure {(under warm conditions) of 20 bar.

The 6-aminocapronitrile employed exhibits an
initial polarographic index (POLN) of 92 mol/t. 278 g of
this ACN are introduced in 3 h over the catalytic bed.

The results obtained are collated in Table I below.

30 COMPARATIVE EXAMPLE 3



charcoal. 9. Process according to one of clains 2 to 8, characterized in
that the catal yst additionally conprises one or nore pronoter elenents. 5
10. Process according to one of claims 2 to 9, char acﬁfgeéfé?nﬁé}id@t t he
catalyst is subjected to a preconditioning stage which cohsists 1 n bringing
it into contact wwth a selectivating agent before or at the beginning of

t he hydrogenation reaction. 11. Process;jaccording to one of clains 1 to 10,
characterized in that the 10 pronoter el enent/catalyst netal ratio by

wei ght is between 0% and 1 00% preferably between 5 and 60% 12. Process
according to one of thesprecadiangaed Biss cobhedeaar bEr e liie khat -t he process
for preconditioning the catalyst consists in introducing into the

hydr ogenat i odepeattest avoap?ikicagsuprertat(8Fysty wwighhecbhdgi nareg of the

hydr ogenati on 15 crleacti on, a selectivating agent as a mxture either with
the hydrogen P3PSRitH £h8 AMHETYt P?ﬁ\ e g%ap Fified. 13. Process according
to one of the precedi nghcl ai s char act ?:Eeia&eéj tl n.t Q@th tahg usnecieec'gli vating

. € reaction 1s .car .
agent is chosen fromtheé group conprising carbon nonhoxi de, orﬁanl c sul phur

compounds an, At gan & BIOSANYLNSLE AU IGRe: 20eld . oFrAFGSs according to

claim 13, charac hat the organic sul phur conpounds.are chosen
fromthe group conprisithg d-fanatbesprind il be dalplvgbd vee&ibtibsads and al kyl
sul phi des, the organi c phosphorus conpounds being chosen fromthe group
conpri si ng phasphtt e91agPREAPYRGERFMISPIRPEES Hnd2arRiMt pRSpHatfes and

t hi ophosphates. 2 5. Process according to e of 1 .precedi ng cl ai ns,
characteri zeggllﬁ )'t?%hétartehén arr?gﬁﬁ 8o ngeF‘e?:'f?{/aq}enﬁa%aé%ﬁ:tlcagagd per tonne of

catal yst to be precondpbiorReaphideinaoRid.ox and dbedela AbNSHREt hvating
agent per tonne of catalyst. 16. Process according to one of the preceding

cl ai ns, clar @ctBrvazed phH idtamofie dndrbgeatdrieomarkedlot Ihagber yhaa

distillation. .A/F.AL.AL.AL.Ar.AL. AL. A . As. AL. As. A" . At. A A9%=FGTU 0PQ
78pq before treatment.

~ytoj e [V] cakeahsal Gal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
U cra Ucha
140 g of a catalyst composed of Pd and of Ag
deposited on an alumina support (0.2% by weight of Pd, 0.1%
15 by weight of Ag) are placed as a stationary bed in a
reactor.

This catalyst is sold by the company Procatalyse under the
name LD 271.
The reaction is carried out at 30°C and under a
20 hydrogen pressure (under warm conditions) of 5 bar.

The 6-aminocapronitrile employed exhibits an
initial polarographic index (POLN) of 92 mol/t. 299 g of
this ACN are introduced in 3 h over the catalytic bed.
The results obtained are collated in Table I below.

25 EXAMPLE S

140 g of a catalyst composed of Pd and of Au
deposited on an alumina support (0.2% by weight of Pd and
0.1% by weight of Au) are placed as a stationary bed‘in a
reactor. This catalyst is sold by the company Procatalyse

30 under the name LD 277.
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EXAMPLE 6

Example 1 is repeated but with introduction of
carbon monoxide in the hydrogen flow at the beginning of the
10 reaction. 0.2 mmol of CO are thus introduced, that is to say
2.5 mol of CO/t of catalyst.
The hydrogenation is carried out with 300 g of
ACN in 3 hours.
After 3 h, the polarographic index is 20 mol/t, the initial
15 number being 92 mol/t.
EXAMPLE 7
Example 4 is repeated by using 10% by weight of
water as solvent. The duration of the hydrogenation is 3

hours.
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Ex. 1, pre-
conditioned
7 Catalyst 40 5 0.2 90/16
Ex. 4 with

10% water
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- 10%& () - 2. Process for the purification of aminonitrile, characterized in that the

15 aminonitrile is subjected to a hydrogenation with molecular hydrogen in the presence
of a catalyst comprising at least one metal chosen from ruthenium, osmium, iridium
or rhodium.

3. Process according to either of claims 1 and 2, chara.cterized in that the
aminonitrile is 6-aminocapronitrile.

20 4, Process according to one of claims 1 to 3, characterized in that the
catalyst comprises at least palladium.

5. Process according to one of claims 1 to 4, characterized in that it is
carried out at a temperature of between 20°C and 150°C.
6. Process according to one of claims 1 to 5, characterized in that it is

25 carried out under an absolute hydrogen pressure at the hydrogenation temperature
lying between 1 bar and 100 bar and preferably between 2 and 50 bar.

7. Process according to one of claims 1 to 6, characterized in that the
catalyst employed comprises the active metal finely divided and deposited on a solid
support.

30 8. Process according to claim 6 or 7, characterized in that the support of
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16.  Process according to one of the preceding claims, characterized in that

the hydrogenation is followed by a distillation.



