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0B850/ 47303 Coproduction of 6-am nocapronitrile and hexanethyl enedi am ne
Descri ption 5 The present invention relates to a process for coproduction
“of 6-amninocapronitrile and hexanet hyl enedi anine starting from adiponitrile
by partial conversion and recovery of unconverted adiponitrile.- 10 DE-A 19

500 222 and (EﬂpﬂuﬁuépmbncéﬁIGNamlﬁoééﬁkdﬁi%rllél§ﬁdcﬁékdﬁeﬁh9§éﬁéaféﬁine
. coproduction of 6-am nocapronitrile and hexanet hyl enedi am ne by

' hydrogenatio itrile in the presence of a catalyst with parti al
cgnve?si on, n%éégcrrg thf) of 15 hexanet Eyl enedi am ne and 6-am nocapronitrile
" fromthe mRture and conversion of 6-am nocapronitrile into caprol actam and
al so recycli rthe present jnpvwerddonofelatss tticoa poocess ifog cepeoductlibp of

adi poni tril e. 6-Erindcaprmitirige ahdthéxampthgtenedsaniingt sthetimf\rromd stream

consi sting esg@ifonakky18fbPHapeBhiltofrez@iBhi 86 z?ééo%ryrafiqmc%n%rtea
adi poni trile [Wi-a9epaidon, especially anmines such

1-am no- 2 ano yc opent ene (ACCPE), 2-(5- cyanopentyl am no) -

t et rahydroa CPAT and bi shexanet hyl enetri am ne (BHMIA). The

by- product s c'g% bé 9 @adr fermaniiARPliicatien \9 5484R89:1 |ditsicdasenmat he
processes desmrrqc@ea Bexr seapgodiuct hen faff rfeiamdnocdpmasiaiidpesndr

quasi - azeot r dpemmebhyldnddidmipei By t IRivgenassoRsof adapohitefld ha epeycli ng
ACCPE recycl rdsehee! B8 HHLAIGBALwHh T iEa?- @&Mﬁahylgﬂ&'&ﬁ%%xlgfﬂ

CEAIT e g §9§¥’*ﬂ‘%rﬁ g g Fiabie i
from US-A 3 6 s ver Peul T to 58 tf’}%ﬁguf‘ BhT
hexanet hyl enéd “a’ﬁFﬁém&%‘%s SamingEaprQnifril R 1ntQ SARrOlAGEMR i @458r ovi de a
process for CHW&AHRY| BiFEDthe- Hﬁ?‘Pﬁr‘iﬁaafoﬁl pertiom eensirbing leasensdadhy raf
from 35 adi padiponitrble pahe disadvansgrageonfatiis qrocesy bé thatorunert ed

adi poni tril e médyeQudl stiedl vodyast fupesFeAt LAIBH cENddp %ﬁ@bﬁl@eompnses
unconver t 3‘?‘) ?zq;-@%aaété &t %dtlssmfﬂé 88 ﬁai‘?ﬂﬁlx egggﬁl Las ta&lﬁsgf%lg%hgs
off a

f or coprgducta?lson 0 Y%o— _cﬁ' p?onl etn i e exH I‘éﬁ%’b‘?%%qéag'f’g )7 ng
from adi poni tY3%°& Y%?Wpdﬁﬁpﬁ%gm()l)“ﬂapf‘?%ﬂ%’“% Sﬁ%ﬁ’é%ar“fﬂea&P%'-Fﬁhl | e

in the presence of a 45 catalyst to obtain a m xture conprising
6- am nocapr orther beprddnchse chnhet cob anemovednfiranigddpohittile by 0050/ 47303

25 distillation in the processes described because of the formation
of azeotropes or quasi-azeotropes, but build up in the process as
a result of the recycling. ACCPE recycled into the hydrogenation
forms 2-aminomethylcyclopentylamine (AMCPA), which contaminates
the hexamethylenediamine product. It is known from US-A 3,696,153

30 that AMCPA is very difficult to separate from
hexamethylenediamine.

It is an object of the present invention to provide a process for
coproduction of 6-aminocapronitrile and hexamethylenediamine from '

35 adiponitrile by partial conversion and recovery of unconverted
adiponitrile without the disadvantages mentioned and whereby the
unconverted adiponitrile is technically simple and economical to
separate off and purify.

40 We have found that this object is achieved by a process for
coproduction of 6-aminocapronitrile and hexamethylenediamine
starting from adiponitrile, which comprises

(1) partially hydrogenating adiponitrile in the presence of a
45 catalyst to obtain a mixture comprising 6-aminocapronitrile,
hexamethylenediamine and adiponitrile,
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2 (2) renDV|ng 6-am nocapronitrile and hexamet hyl enedi am ne fromthe

m xture, (3) adding to the portion conprising essentially adiponitrile 5
fromO0.01 to 10% by wei ght of an acid, Pased on adiponitrile, or an acidic
i‘on exchangenzandemeutnqr&}amﬂaoadpxnnuﬂnnlbeaﬁdchaxdmethyxemsd;amamé £¥om
recycling the adipemnixtdr,i nto step (1). 10 The partial hydrogenati on of
adi ponitrile can be carried out by one of the known processes, for exanple
by one of th Sbo% mentlozgp Erogesses descri bed |ntUS 4 60 859t 2 762
835, US 2 20 SpBT Tl FPFIFIRT §5ECRtAALLY HLPORIILIG,

92/ 21650, B ef f &&ePnd- %éﬁ%%%o’@%ﬁf!ﬁ%% Ph aRrasid, PRSed LA BRRLE T} S/
ni ckel -, cobal t - ori apnacistia Roui exchangexi andgremavingsthe alipandtaijetframy
be used in the fehe nixsueyoanhdd catal ysts or unsupported catal ysts.
Exanpl es of suitable catalyst carriers are alum na, silica, titani um

di oxi de, nag 0 Exanpl es of

sui tabl e BQZOrtegéiﬂfgalté%t gaiégﬁ&a&ﬁél% E;ﬁgéf%e}oéﬂ aney cobalt. The .
cat al yst ace velocity is usually chosen in the range from0.05 to 10,
preferably fTHm pantial Q‘Xdﬁegﬂa"e?d?“pé’ﬁl adipeniggiile gan Be caraiedOWed¥hour .
Hydr ogenat i oenesof akhe duhownt processesy| Eor aexdmpde BP ome 20 [tder | C,
preferably f abavéemei®iokedCprossssds [@edeodbed palr isak oEBBY,egsop 762r838,1
to 40, preferabbyspsoi9dd- BelR S48 d¥42. pOa Tdwy i@ 09@-@"4 %5' Esﬁré‘f er abl y

carried oy iy %9?2?&&?6%&%9 et 3 NSAT v Al ABLLEH! 2 QY aﬁgr 124 1y amount

of ammnia’s ¢
fromO0.5 to PTeRGNCT & per 9@‘ 'aﬂ?%‘bnl"[rr ﬂ"@ diwn-eaptaifing ratio of
6- ani nocapr oSPEALYEES o 'ﬂ%’@x&ﬁ’éﬂﬁ;ﬁ"@né@ﬂaﬁ?n‘@%d%&hﬁeﬂ?% ofp BYPPPEESD Of
capr ol act am rathixsbetdry hasepperiett cesnlpstsofxamples &of suitabdie poatalyisite
conversi on chageietrd LACRAIGASEa, Ali1Hed), t titeniiAndebides milgnkkdil 16kide ,90%

pref er abl Yoo @448 §£; JhsSAxa é’fiﬁ’;élrsef Eftﬂl%l/ese@?l Qﬁggabfé erﬂ%?pﬁﬁt&pt ain
hi gh 6-am no f

e e sumto 0
6- am nocapr orﬁ:atgl"“r’zy%12 nad"enéxa eneélmaim ?fge}{s ?’r o%n 95 to 99% depending
on the catal yst 45 and reactlon condltlons hexanet hyl enei m ne being the
nmost i npor t afhebgapalithic sppaet eelacidy qaaﬁwayly chosen in the range from
0.05 to 10, preferably from 0.1 to 5, kg of adiponitrile per 1 of

25 catalyst per hour.

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

30 _
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,
kg of ammonia per kg of adiponitrile.

35
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
case. Adiponitrile conversions of from 10 to 90%, preferably from

40 30 to 80%, are preferably embloyed in order to obtain high
6—aminocapronitrile selectivities.

As a rule, the sum total of 6—aminocapronitrile and
hexamethylenediamine is from 95 to 99%, depending on the catalyst

45 and reaction conditions, hexamethyleneimine being the most
important by-product in terms of quantity.

-

Sheet Has Been Replaced -

BT



P 0050/47303

0050/ 47303 3 In a preferred enbodi nent, the reaction is carried out in the
presence of ammonia and lithium hydroxide or a |ithium conpound which forns
. l'ithium hydroxi de under the reaction conditions, at from40 to 120C,
preferably fromépregeibéd anblodimpnt | ithd debytdoprd SarkliydfswimieO the

' g?gf; !abCI yt P?pﬁs‘”e’?h%@r 8£1 SmfdHARC And N1 SR hybiPokie '3N@e 15 £R{n? éoﬁp%gnd

CULAEL YL O;HJ %fn%r §bk1¥e L{e%@t‘i h%&aa ns hge
resi dence tI esse J'Hm é es 8 Iildl '
selectivity & r@ aesrfga{rca gEe e@ﬁ feremaf’?y,_ 00 Fes?%"é'r’rGé‘if"F
chosen so tﬁamr%fer@bﬁrﬁxfmmgﬂ &Pd90 <€ iadiecpressyns isx ghpsen in tgﬁeerahgm
from50 to 27&he pramiger £bdry X rt@mlZ) prefdiably fndmss tbhalprpastionlandy

tenperature rﬁm&aew BF&h o 3l ¥, CHBS S The0 rbbddedde tifBSt 4RY dsenkeally

‘carried out &Véeéheﬁquur,durw%%enéé iﬁt‘igi‘ | &h bss f&fﬂggegﬁg% d '&egﬁgéq"“”t

such that the i ni

preferably_ froW f% W%anggsrﬁ%‘rﬂeé"ﬁﬁy IP%f’esr zfl?f’?e?r%?n a% Bto
0.4:1. 20 ¥ cmamigum YbFl‘Ilr’fsnrat‘fﬁﬁlﬁVﬂﬁiofo}'eeP‘@E ®sth the Zapge L4590 SRetPange
fromO0.1 to 2475 prpsedendbly finom 10t o 1200, ,0mbpubes ght, based on the anount

- of catalyst used. 25 Exanples of |ithium conpounds which formlithium

hydr oxi de undgge td}@séﬁﬁétéﬁ\ teapdrht @RS ﬁrn@ekl ke ngfetrabl Nchydfy kbl £RALIM
and aryl|ithiym qaupeunds %%héér&@&“ 1§1th h?ﬁx dithium The
S TS SO € a

- amount of ]rlgese conmpoun 0sSen I n geneéera bovenenti oned
amount of t hi um hydroxi de is obtai ned 30 Preferred catal ysts are

ni ckel -, rut FMAMA iphBIRdin 9epsRel ok adoBRPRDE Gk APAY 8%,
preferably thatbiabit Aandireta dapityilepdst frohad: Racey. bt tkprefiedaRipey
cobalt. The chia RSB3I1Mey @252 1hepaseibularieptoferadilys dppari &t icabal yst s,
carriers which, 43 . my be used being, for exanmple, alumna, silica, zinc -
oxi de, ac'i:gqe car bon and trtanr um di oxide (cf. Appl. Het. Cat. (1987),

106- 122 |s 4 ]i Ran.e ni_ckel éﬂ]or exa Ie frtﬁ]gr BASF ‘AG
Degussa and ('3" t ’rﬁhl&F'l éa cheser @8, ackufe inhenrange
rhodi um i ronf%m'd °eéb§Pt2Q:-atP&13f§F§b yfIb’é‘ AoliPf 1@d $ibEhvRLght s kssegr 80ps
VIB (Cr, M, the amukt|of (dahalRet @eedLCo (only in the case of nickel), Rh,
Ir, Pd, Pt) of the Periodic Table. Cbservations to date have shown that the

use of, inzgaktdniiled’ of ”PﬂﬁltﬁﬂCBﬁﬁ&YnJH WREEhC 8bAh ViSitthi ul Ohy &G idleC ufi@er
modi fi ed W t heght AT Y ANGLOL: 5080 akEAYT i Sn hORE! N8 Q9R)1144Khum 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.
30
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
35 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.

40 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
Periodic Table. Observations to date have shown that the use of,
in particular, modified Raney nickel catalysts, for example

45 modified with chromium and/or iron, leads to higher aminonitrile
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0050/ 47303 4 selectivities (for preparation, cf. DE-A 2 260 978 and Bul |.
Soc. Chem 13 (1946), 208). The anpunt of catalyst is chosen in general so
that the anobunt of 5 cobalt, ruthenium #hodium iron or nickel is from1l
to 50, pref er%&ﬂ%ﬁtﬂmhmsufozomepwamnghpf bBB-eAl 201260h878nanchiBudll. Soc.
dinitrile usethemlhd3caladgst 2089y be used as fixed-bed catal ysts by the
liquid 10 phase or trickle-bed procedure or as suspended catalysts. In a

further prefag Qdémalggt:p.%”éﬂdseﬁ ;5 tg%t g qggnated 10,

6- am nocapr n|tr| e at, e tures a q'h
presence ofg C&BNFent 1étli"ﬁfutﬂ’“'a 985%1 "t?ﬂnﬁ?l E‘B‘“ ]at°a590rrpound

based on a neR&Aferapix: &ePm Sofet AR/ &prééﬁbtstbaﬁgdopnntb«@nolm@baft
i ron, ruthenidimidrdleheskdim 20 (b) from0.01 to 25, preferably fromO0.1 to
5, % by weight, based on (a), of a pronoter based on a netal selected from

tS Ihlevg;oup CO”ﬂié@g@Qﬁ?étP%&yagbutﬂse@lﬁt 'fg%t% -bdd %!aq:@l g4 w“rﬁh%%ﬂgﬁ%
cadm um | eaophq%r ugtkng}n#@'el § H&ce% Bﬁo?fus S%%l@ﬁﬁc ﬁ |5ﬁ8ny, bi smut h
and rare earth netals, and (c) fromO to 5, preferably fromO 1to 3, %hby
wei ght, basedi @&)-’th%’f ﬁ%&ﬁﬁeﬁr@%@e%n adiponiarilepisipantiablyl kal i ne
30 eart h hmwiralgenated thé-pmbnocaprdndttriié #t clepaved tagedatares!and

rut heni um or Hikydpuessired UinheRkbUpresthdeNogi HnadIvenitChal At Idadhysii s
chosen as LHRPRRENLohFRisetdl d promoter (b) can, if desired, be diSpensed 35

with, and with the further provi so that sai d conponent (a) shall not be
based on iron when said conponent Is alumnum Preferred catalysts are

those in whi i) (fe COBREBAL S@Q)°Eo?rﬂ??"saés sglerted (frofe thenPerlRI based on a
metal sel ected fcoRsioting ofr @dgkebnstahalty dfomi cheihenduiaand arhebdinmp, i n
an amount of from 10 to 95% by wei ght and rut henium and/or rhodiumin an

amount of 40 qB)0.fkom00581 o W8I, OBte fAAY FRoRAEM GRSS,08 Bx}]eweil&HtOf based
conponents (a) tQy(Ghy,4¢ a p%ﬁ £8/ 3% ked on a metal selected from the
group consisting of palladium, platinum, iridium, osmium,
copper, silver, gold, chromium, molybdenum, tungsten,
manganese, rhenium, zinc, cadmium, lead, aluminum, tin,
25 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 amn alkaline
30 earth metal,

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

35 with, and with the further proviso that said component (a) shall
not be based on iron when said component (b) is aluminum.

Preferred catalysts are those in which the component (a)
comprises at least one compound based on a metal selected from

40 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
amount of from 0.1 to 5% by weight, based in each case on the sum
of components (a) to (c),

45
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conmponent (b) conprises at |east one pronoter based on a netal selected

. fromthe group consisting of silver, copper, nmanganese, rhenium |ead and -
phosphorus, in an anount of fromO.1 to 8% by wei ght, based on (a), and 5
conponent ( c)campunense b ptcdmpadsesnat corgstupde bpsabter bheed|dmlad mettadl s
and al kal'i ne @Iéd%e@feti\bﬁ trﬁaelg%hgdcéﬁmﬁlmg afoslplmﬂs c6ppél), AfangahBsem

sodi um POt A5 dHBug C Tk H 4t o3 £2BRUGT1 Yo BBOBYO- 1
to 5% by vvel f;i} a%ttljna 3 8§§ g%erre cata y%ts are: catal ysot ,B}
conpri si ng 90 ﬁ? " Sﬁal xi de (CoO), 5% by weight of manganese

oxi de (Mn[eP r]qerr]) 3% by wei ght of phosphorus 15 pentoxi de and 2% by
- wei ght. of sodq:qampcmemte((:Nazm)prleasaaiysleﬁt cospeompoupd2besed awmitdiet adkali
cobal t oxi de g&¥dds ahh BykakEinghaoth NmegABes sebadctal (Bomethé Gmoup ), 0. 3%
by wei ght of ééﬂs}’fsruﬁé' g¢ iﬁgh%rlﬂal&o a¥Biah! défsﬁml I:ﬁ@gr(e%ﬁneaﬁa)

3500 by el 0N Pl il UTRN g b b207) £l Ao(‘%%xo“@%e gy yghton ox\d

- (Fe[err]err negnest um oxi d 0. 4% by wei ght
- of calci unt8xi de (Ca0Q, and catalyst C, conprising 20% by wei ght of nickel
oxi de (N O, W*@-FMEV&-ByPWaﬁQ}HFdoFaEﬂY% eseeferr]), 3.7% by wei ght of

alum na (A1203), 0.8% by weight of iron oxide (Fe[err](err]), 0.76% by
wei ght of rrag@@ealtygtom deortpti@ingl 968 %P Wellshghbf adokaltc butae x{at®)(, Ca®) by
3. 4% by wei ghy, 3 Q&' éi-% oXake" flo,fN0a# H},%Aax H‘é"&lﬁ.‘“ Hkp BQi-@éS' um

8)(;|2d§2(§£1§ ntox dgrlgcat?%}ﬁll%%iﬂgg es%%r argl cu‘T[ ‘lfgf:apr([a)g- 195
)

catal ysts are those conprising 35 a) a conpound based on I ron such as iron
oxi de, b) froeatrk¥stsBy, eompRiisimg, 20% kY waighk) of srohalyr exbéer (4R®edSEnb¥n
el enent or 2,w8ight of hapyjameme oxidée(Mred:); onIthdygweighti®f silgensosideng

of al uni num @Ac_l; c:)qn:zozlwwal@ﬁt ganadliica 3sdos) ! ansunbyaomhqh)t Blfoaltﬁnirﬂs. 5
% by wei ghho £l ab6y44 5&0013 i%oRY o¥pidNire 26 Pew.akl ¥y r{% lafto

0.5 %by wel Sed On 36§d60pr%6§>gr g’g?gklse? e(;%t%g'g ﬁ nglfﬁé

al kal i ne eartg’ﬂ %PI Sfum ©
consi sting of 8t hjium
catalyst C, comprising 20% by weight of nickel oxide (NiO),
25 67.42% by weight of silica (Si0;), 3.7% by weight of alumina
(Al;03), 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 (Na;0) and 2.0% by weight of
potassium oxide (K20).
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 aluminum, 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,

R
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sodi um potassium rubidium cesium magnesium and cal cium The catal ysts
- which may be preferably used may be unsuggorted 5 catalysts or supported
- catalysts. Exanples of suitable carrier terials are porous oxides, such
as alumna, sili cmeﬁdmmsoseleqztacbsfromahhmagnmpozoue;sitmngamfumuhmm.de

zi rconi um di oxi degodiifi)e pouatoHiume rubidiunXicisian] Aegleditim afldesldiue
carbon or m xtures thereof. 10 The preparation Is carried out as a rule by

Fobet her wi g eHRIBBES (ROAS ol Ot %ﬁ et pﬁ&%’@#@%es. red,
Wi tg h precur §o?£ takystge of r%\'&@%‘?ﬂoﬁ@ﬁ?‘y s( ptes, é e PRTIBEENCe
of carrier nemateriadsdcpcpPREouf oxides, (:Q}tQi! ?‘§t ai-‘}‘}!)’éléﬁeﬁ'-ﬂ-é@% i f desired

~ the resul ti ngabatirlosdil ipates)y Santhanmn omeisiesd tivaniume dokideat ziraomipml | et s
and is dried apekidisNmaghésNar ox3dBpOziks didliel ¥Ad Szevlq taseand | actaveo

obt ai nabl e by %m r with a solution of the conponent s
(a), 20 (b R ng%Z;s"&?g'E‘i}&ect)%%%bfbel ng pOSSI ble.to add the i ndividual

conponents |nultaneously or. in succession, sprayi ng the conponents
(a), (b) and, The RReparaglop is sargiedcowtas & rﬁi e P&t REACRABTH iFemhigh o5
Sui tabl e pr eCDYeTSass plethe meowonents ajaJaregeaprecipitatedatipggther with
wat er - sol ubl epsétirscals bliethd pramerersnacbmpeinengs choh aadl, Nif rddswixed,
chlorides, acgief §recu@sBRE St A %yhé@t&ﬁnpd%atgre@i initheap féserii@s or

e "he DR O Heeanettind opamngn t‘%‘%néﬁegi#y‘f 98,01 ae
nitrates, chl8F5tResd) 'a&gtag ﬁaf%%u Hd‘gsﬁ#ﬁfe%t &R 85rﬁ cul ar
hexachl or opl aPFergsEed,tef QF%I%ﬂtlﬂflﬁﬁ?%s°%rﬂflﬂéiﬁcﬂ%r’@pldéft‘-ﬁﬂai“éi then

Sui t abl e precoabomiredf Suppormatailysts)are geaerallviadsoeqbtfinable by

wat er - sol ubl eimptdgnadfinghehéhmargiient witleth adlaltionsfiltheandmpbkentsngagarth
netal s, sueg s %O&Ifdaémféa DQeqt ese BUidAbessistE Wd @8a, th HhrifivSdual
formates and &1.55 Hldits Bif fﬁ.@&asgydsmr@%c 35200, O 243L52s i £
preC|p|tat|on | era %bf.rog %‘Feou ? t%r tlvely
by addi ng preE?‘ﬁ?‘g’}ﬁqtﬁg PXagQﬁ’t &andjy, 1§ AeRELEL, 28 L{.&% Eﬁ’éﬁjgeﬁg’ % Re

t enper at ur e. BSthod yoYn4pPEH FET-

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 Suitable 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 solutions,

alternatively by adding precipitating reagents, by changing the

pH or by changing the temperature.
45

R
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The catal yst precursor thus obtained is usually dried, generally at from 80
to 150[err]C, preferably from80 to 120[err]C. The calcination is usually
“carried out at from 150 to 500 C, 5 preférably from 200 to 450[err]C, in a
gas stream corigy icaitadyst rpmecurisbroghws oiftiadnedaisiusaaldy, dried c geakysily
mat eri al obt aiad-omS 8066 F0°Y , ExPOEathHly Ero® BT ivRg 1adhmspher e
(activation), for exanple by 10 exposing it for from2 to 24 hours to a

- hyd t h . . m xt t ai_ni hy.d - ' t ,
e ae it rons, SaleShefib e yebal b el O WETARRG 180 d el | OFR
case of cat 8 BEeEeTBRIFAILERM AA0nERI 499 & ARoBI IRF AFTEHMPOAEREIFRE B 8% from

200 to 500[ ermitZogenef erably from 250 to 400[err]C, in the case 15 of
catal ysts based on one of the netals selected fromthe group consisting of
pr of or ably 20050 dﬂiﬂg?‘%fﬁ;";gf*ﬁéf’“‘ﬁ’“ %ggfgiﬁ'dﬁé*‘“?%ﬁ@mgﬁ "

y tm Pevdti 261! i By Lhe
catal yst is cCErRT e gut ré% | € thesi's, réactor. since Lhis
usual 1y di $PeFERRSIRG Ata °’6t‘%rfé’f\/\#sé° %é%oél&f%g?n? _gfrlﬁiéf&g&f‘ea{é?%s&h‘ﬁrs. thd
passi vati on ogas mixtyreseentainiagl hydrogem andoap oinkrt I8fef 8YEHIAR from 25
to 35[err] C, hitmmmns of fmom@® bt 25YEh preferasly Sxom 86 o rl80f@e in the
activation of cpss ofvehedlgsdsinased of fdeniuff of atHodidm aarcomsbnent (a)the
e by ogareba arom 200, € Sd8:8s piyterabLy) L B0l cb POV houk bae
catal ysts gg ? eceﬁad'ﬁ'ﬁgg ﬁ%\%eeéc?ln P rg?c%?&tﬁe&%trxgée%ét%t%? gg suf;}?é ﬁ%égg
cat al yst s. 30°‘P‘F31t9r?é-nfge8£t’i”cﬁ1‘qls eaP e PLATPR 38 STRROREPEN (3} e fPEr at ur es
of from 40 tocatolystr loadprefhergblis PrefemdPlyo2900} qrey & ofafrtalysie| v
preferably from60 to 90[err]C, are usually chosen; the pressure is chosen
in g_enelr al hi nA&?ﬁa%%?as{i:ypmtgi Ta@t%@asgiref% ahbycit4apst tie Sardlkd out
particul arby RfS cﬁ:"l iX ﬁ%ngy thigs tor)€ s fed HaNGe ukbHE Py adfspenses
essentially dependent on_the eS|re§ I e l ect | Vi, t he desired

§58 147 oEReryLes jERERE e R

conversion; udtHt| . | Sen_so that a_paxi num.yield

i s achi eved, PaFsiadigncof ithensuringe. 1Ay 8 S5ap @r_&?e?%’ypﬁs&%&ﬁ 0

200, mi nutes. £r6m |25 tthe35BpdYs meAndrof ciyigen/ piragenb MixEYERE s (UFENes are

ammoni a, am nasr. dildrapesivatibr Hfapassivatfedl catabysts bien theonprefumblys

trimethyl agsngart{d £t 841 fike dynithespy | feldterand trélougyl 61 580°0yr

al cohol s, N BBLELGHIY £HBH A0 IeoRBE0 % NAROL, nf@rdifr-coil Blhing R hBEARb Ve -
rtrile Co 1 o) ,

ammoni a. A di ncentration o rom 10 preferably from30 to

80, particularly preferably : , <
‘Thé 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

et
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0050/ 47303 8 from 40 to 70, % by wei ght, based on the sumof dinitrile and
sol vent, is advantageously chosen. The anmount of catalyst is chosen in .
. general in the range from1 5 to 50, preBerably fromb5 to 20, % by wei ght,
~ based on the auiab @b T NiY byl eeigler, bEsedsospehesisiim by ddbyislieoanday be

- carried out h@GRwrSeigragwithgesksly ddennuously, as a rule in the liquid
phase. 10 The partlal hydrogenatlon can al so be carried out batchw se or

continuously in a f d- by the t Kl d
brocedur e, & TmIBoHiE oF GatALgRE obe (Shomssy ¢, fencalodn ke FHHds, BABECL
90[err] C, ahdta Prepsaferaly £xom 5 ke 20 dnby %1%: bgsed n ths, 9“‘?%% 3

to 20, MPa usefaldinibeibg wdwsen. The parti al hydrogenatlon Is preferably
carried out in the presence of a solvent, preferably amonia, an am ne, a

di am ne or a rl-ﬂé EEH €nBiord Hyard Sﬁ&@%h%{ Y Be SHEHIERS ohti BREMME be,
triethylam “ ggggy %%r}ni u s&{,'ybé'é ny ein%héﬂlghigh&kaseoref erably

20 et hanol icul ar preféra Iy anmoni n a preferred

enbodi ment ¥ an arrm)nla content of from1 to 10, preferably from?2 to 6, ¢

per g of adi poing tpairttd ail shydrngenat AoR oean WOSBQC@WGGCPP PAtqlH#e0°T t o

2.0, preferabtontimmousld im & .fixeldgbed wetiqromi byithe paicklecped ars liquid

preferably chosgde precedadee} @tehbér&ﬂm@roﬁﬂ ERoANZ0 Nasothe meifechblyty

can be cont rodi,&gl FY tehg @d NGl éféé el i 58 amepaffélﬁlb hygdigggenat i on
eact

e e R S T et (<

a m

6- aml nocapr o- m%%qnétlﬁExMWFéﬁEHYa‘Fﬁ%egnﬂuE& d’rﬁet PFggen%é&r gm)val

from the mi xt sekvesft,6paafenshiy Gmronise, aBRMaRanRt dPEN? e igmdng of

portion conpriste®p eaxbbhi atdns ,aduphnas ridimetaylimined f ectiethyhamine,

convent i onal leh@BSr@P|ﬁkllﬁﬁt§léxhiﬂé,atdroan i DdorNaNpresasaniascr i bed

0 DE-A 19540 ?%a?mr mtgmgh aee{%e@aﬁ 54@ By B0 o, |0
i STi | ‘_&1 ¥

successi on awi ng) is
carried out b9r ’Lﬁé:oc? rlsl n essen§|gq

6- ami nocapr onP{-'?ffF@bllYeﬁﬁﬁ’Et%ﬁ%ﬁedﬂaﬁ?ﬁeg APARILTH LSO APt ﬂ’?%e'hn&
hexanet hyl enetatakystpspheeavtlocityi R€ ufromr dhpr It§| 260 ereferably $599m0:3t o
70, preferabl ¥of 1 00m) %kqt 0f48digérdtrifevpert pefr B- dsipwafarabiytchdésen.f Hepel
to 70, prefhgraBby fHP PonvbPsféh aHubnenBé e @electivity can be controlled

by changing the residence time.

The partial hydrogenation can be carried out in a conventional
reactor suitable for this purpose (Rl in the drawing).

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) is
carried out by a method in which the mixture comprising
essentially 6-aminocapronitrile, hexamethylenediamine, ammonla,
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, '
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0050/ 47303 9 from0.1 to 70, preferably from1l to 40, % by wei ght of
hexarrethyl enediam ne, fromO0.01 to 10, preferably fromO0.05 to 5, % by

wei ght of hexanet hyl enei m ne and 5 from$ to 95, preferably from20 to 85,
% by wei ght oframm®eidi e 76, queferdbbyitfram 4 tal £0, % dycesyght ical
distillation col maﬁetaybeﬁémm%perature of from 60 to 250C, preferably

from 100 to 28QkP0.b% caNth 2 eBssbty Ulrch! AT 46 04 BUELELA bl T OM 12

25, bar inth o.ne or corfp are
|t(r)1ert under _t ‘;heQ{aS% gﬁ%‘ﬁ 8ns and boil at from60 to 220C at 18
bar, to give gﬁﬂ% afgpa ?‘lﬁdﬁk"tm 28dta & tokypredaht af ammeni@moni a
not being conpl etJeﬂ y:aGé'Bada@@U a@f f. rake S taabbevemtmaidshé\tﬁlrmsudmst ances
which are inert wuolmmnt be &ilsdtitomatenperatitiet bgnsraindohave280tmi | i ng poi nt

of from60 to 25cﬁx%rﬂé]r§b19rf¥cﬁ[ a.Jé'oYtéfﬁU@O Bﬁdléo&es%r 8 Pafﬁgmﬁ’éa’w'?&

are al kanes, Cyc' £520F9 éMnTb'%é 281apf)l gﬂe§he w2A0ce: of !
t eqli gg i At AP z??t PREE
oo 2?‘?'] i omichn %Ha?' efgfef =8 EBAEFthe, At arion pea%dersaep;}"

n- pent ane, cycl ot?é&@ah@lltﬁ'— HIom 4@ B, 224 Kaabl 18 Ramofot give, anmondrans,

di - n- propyl et herthe $£opr ppedusit, andbatlyd"euunn@raddcbel_}ze:me ameoyi aioki Bakag! y

preferably ethanaompletébynssputabetisofsyal |y added in an anmount of fromO.1

to 50, preferably from1l to 10, % by wei ght based on the b;)tt?)m pr oduct
aptonitrile

exaet hyl ne o g, comElas, R385 il Anbts Wt SREPLRTAS tnad %ﬁ%d or

hexanet hyl enegl adi I, xane _
cgrrpoundg A & %%H "Ip%(ré gﬁ%ﬁl?"c(yﬁf’ﬁnf‘ PRI LPY BRERE 19faFrORabO GkO t he
m xture obt ai4P0dCt rRFRAGTEDLEAEFQR 691 toi 358(%y @dt 38 bar a Exavpdds daxt i | | ati on
to give a malkenesi ¢ywlaalkanespnpmmatics, coagitiveties) aleblwDsyNeehé&ss  he
top product aridrdlds &ed tainpEORa¢ing lthet aBo@E:ﬁéﬂﬂlbabaogr ﬁgeeariﬁed out
at a bOttomt;fmseawa: 3 40MEnkA0ha &L kino ggs&e?@éq/]h 13)“ 140 to

200C, and at refer from4 provi so
that the presé‘u(r%ggg% efng g% %g"'l ef‘ﬁgeSe%%’ﬁ" %F‘ﬂm '(P?Z’hiaﬁ he

drawi ng) ar e 3%&t E’Héﬁrﬁet'h nSHEX 2Rt H’e‘r’ SBTPPREt efhegp isoREsRACdrure of nore
t han 20[ er r] @ batybaming @ng: banzerge Veryepavt ianhard ypprefanablyf ebbanglnr e
than 250C. It may al so be advantageous to carry out the condensation at the

top of the2SaompdusdlAInis asubdVPradddehabbl &fournth8ft SFoRdUeb, sihi ch

consists of pHe@ePiblF!Aldmve! ¥oighly b909&5?§ﬁ{ atb%@ea”HR”él?e pELOH ;Sze&i(fé
to the 45 fipst colum, or

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 R1, 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) are matched with one another so that a top

40 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 recycled to the

45 first column, or
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- 0050/ 47303 10 to recycle the top product of the second colum in vapor

form after increasing the pressure by neans of a conpressor, to the first

" colum or to its condenser. 5 The bottof®roduct |1, conprising essentially
6 ami nocapr orka mecyclaekkerdiapy produiiamfheheasdeqond tcrdlhmn ine xeapetrh gbemei m ne
~and inert corgfuedintreasiiniinte Pressurdlbychbsts cf & domblédstr,Okol Bhé

third col um £#3+ Rolitfn Br@WoNg1tst SofetselNe i nert conpound or corrppunds A
as the top product and 10 a bottom product |11, the distillation being

carried out_at a_ bottomtenperature of from50 to 250C, preferably from 140
to 200[err]§3T1%ﬁ1c5’°§F°‘F‘r%’Fﬁ%P°65IFo SOompLisAag885entiGhld 2 to 1, bar, with
the proviso tﬁraﬁmlﬂlﬁéapmlttr@dﬁpohmﬁth&d#pedmm,obdapmn:laslet,he t op
product i s orhewametbglémeinimesandnithextl wompoand , or fcohbodrds red.ist he

di stillation étﬁ)j@&téheﬁb C&”dﬂs'%ﬂ.h@tﬁtﬁi‘hnﬁetﬂir&'B?Jl%fnn £ GPENRUAESw Ehq)

whi ch are i ”eEcI di pdeEnd hﬁxéijts rbrc%ﬂb%r?&s 2 Qﬂél iﬁ pd:rog[%'g r&g

| 0
Exanpl 2292 abr%’t&r Boptpac it an@g 53 pRion SelbgorarTiad aEtAENRnes,
al cohol s, t§°mnF?‘FP?rea§'u§ﬁd°ﬁrrf¥Fé% a\FPn§5Q fe REETERRbAY drem POk ti es,

in parti cuI ar2Q'ﬂ Cp- aed a4t drbwr 0. 0% ter @ni preferablyodrame). 2wl dgcbang,with
n- hexyl am ne,thecpaoeldy| it Kheeinert onpothd Yo toiipathas A Hfaghall ¥s 25
hexamet hyl enaind 8pap ﬂémcméaaﬁtm G!W'tﬁ”l:ﬂ&sé?ﬂnﬁ' eaieﬂ,\/ dNef ggably

oo it o altatebs UL JO MR
preferably, o dw%"fté (?déaerﬁo n('l}Ii‘B s ]r-:]faéﬁlSBly added

to the col uqul{‘Sh-tP%ﬁn %@‘?ﬂ-loﬂtfffm @00tot 56, PF@f%?%hile fremn®.1® t o
10, % by wei gin0 Chagtech @ivehephesswm pfodudtbdd.. 35 The bottom product 111,
conprising essentially 6-am nocapronitrile, hexanethyl enedi am ne,

adi poni t 1136 £aKa88! by | Shigllhae BYhe iafixdASE] @hc1odtk nggm%%&gt ks,
conpounds B, r{a%hiﬂghggt qco?xog Iéstitﬂ% at hoPrifed an grgtgh?%%i}}uavmﬂl ghen the

40 drawi n t I 'VE cOn arnin

PRy IR o B A R BB A si de
stream SA1L, (:‘(ﬂ"ﬁ?FPN-hﬁlJ@ss@nPFEM%h IRyedrechinendrthgryhaminge bott om

t enper at ur e dfexamethplenwiniaengnd riemanethyléndiianidet, hprefeastlye from 0. 05
to 1.5 bar2s arxainethyleneiminkt 8@ 510 HéesamébhyMenediamine, 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 (K4 in the

40 drawing) to give a top product KP1l, 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.
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. 0050/ 47303 1f desi red, the colum is equipped with a dividing wall in the
regi on between feed and side take-off point (Petlyuk colum) so that the.
hexanet hyl enedi ani ne obtained is essentfdl 1y free of 5 hexamethyl enei mi ne
and i nert comfodedipedcdheotniismB imequippeteritoe dbviding wadp pnoctheet KP1
~and/or HVD fr@@lbhebétmxﬁtféeanaﬁﬂsllw RgkéeSEf idoin@JyYPé€Tuk @olllifnf hég d

| 28: ﬂm g[]d f[ftehra?g'ﬂhén =X ieﬂé”&i tBE{:Q edg‘ﬁ.'sngsgéﬁtiﬁl@h%rég'éﬂ
Gosental |y, AexARRBRRLS RN v R

is subj ecte'%llt"éfk%se’éﬁ'stl llation in a fifth colum (K5 in the draW| ng) to
. give 6-am nocapronitrile having a purity of at |east 95% preferably from
© 99 to 99. 9% tap phediep KrlodndyoAHMIA froflethé reidle Yteoani Al heiagseed, adlfl v

. of adiponi tridenapdaa wtéh@rrhaipai%lu\ﬁnwetchlsq&gui&édpfoﬁmygfa Bakters and
. smal | ampunt Ene e8§ Bé’ﬂ{ggf "felgCt ZQhéf 'Esgu i}%&%b&@ﬁﬁnﬁ%&“ Boggg W th a

- dividing ﬁ be vveen point, so that
" the adipo r"‘iq“@ tai ned conprises reI atively small anounts of high

boilers, the distillation being carried out at a bottom 25 tenperature of
from 50 to 250fecbpitmrrragiucts ovh Idntprisd0g néssentiiaddlyab-aiingicapronitrile
adi ponitril e a8 adfipositide® ¥ndiposstibdlys Aighsise{lledst, 0is et RickelBOotd aan

- product V fr(&ﬂs‘&@.h!!&f‘:.&{%lnc‘anﬁiféﬁ r&l%%p@ﬁst{ﬁ l 1@ e2dafii rtob%hjvéng

- conpounds, 4 a rt Ki rile
as top pro uc %ﬁ%%l@ erﬁ? h ”I'* gﬁ% 1%’2 éj{nét Qeﬁg co %PQMJ

essentially ﬁ?tT‘?I i Bf T'IPF ttﬁ’é’ EFQQFBE&Pddl%FF ‘Fa‘ﬁ rkup of the

adi ponitrile mpggmwww;%m of fadipeaitetleand acbattammredyst of

col um K5, asitich ponsiists BE bigh daierkGand smaljowmounps cefu@dipbnittiken D5

[sic], preferably as side streamV of coI um D5 [sic], is treated with an

Zf'edpglrngpzl?agﬂfgiu g??ﬁdexﬁi@ [un@d a&I#&rpra rﬁgtrg&fn %ﬁxwae&ers
respect to pritary, ﬁeg eerrn’d af ter S %rgﬁg ,&’%t 8 unsat Ur at i nes
such as enamar‘l"éé’mAEFH]se Fr eq %Pﬁerﬁ ata’t"erjréfsﬁmi rsang'S}‘

most 7, are hedlera) athe digtd Eaatelom-;besam gdreied oyt Phc?d?fé‘—ﬁ%rganl c
aci ds such aseniperatueeict fromf 80 atd \2500C amd atadrdm 16 par3diocmbar. as 100%
strength byswei ght sulfuric acid or as an at- | east 90% by wei ght,
preferably AMENPED3SEERbtaining adiponitrile as side stream V, 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 [sic], as top product VI of column K6 or as bottom
35 product of column D5 [sic], preferably as side stream V of column
D5 [sic], has treated to it [sic] acid or an acidic ion
exchanger.

Suitable acids or acidic ion exchangers are primarily substances

40 which can function as proton donors with respect to primary,
secondary and tertiary saturated and unsaturated amines such as
enamines. Acids having a p value [sic] of at most 10, preferably
at most 7, are particularly suitable.

45 Suitable acids include inorganic acids such as nitric acid,
preferably sulfuric acid, in particular as 100% strength by
weight sulfuric acid or as an at least 90% by weight, preferably
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0050/-47303 12 96% by weight, mxture especially with water or phosphoric

atid, organic acids, for exanple carboiniC'acids such as adipic acid,

2- et hyl hexanoi ¢ acid, pinelic acid, subé®ic acid, undecanedi oi ¢ aci d,

ter epht hal i c 94&i by weighohemdntere Espelcielfyiwlth wdtex apm|phdsphoriomaidaci d

- such as p-tolorgafsd! doits; F6EJexdifplecBasbbkPlic arddd, sweh AsC ad@pi€xadianger s
B 6| R Y A el i M e Bk, (Beclptihe

on exchangePEids tateriaaiif adlls ByalolbticunbayEiE hald, “of Exdip il

effected i % S LIPS Al Such 25 RitPlYePEeRt LAIh 25id nREAZENERUFFPRIF case

the |iquid digcidnt acidichdoadegrchangerse sugh pamiliewattdtt $AGIer Ampenlysie 1dei d

or before or pavegr50 wx &G BaylSkathe ki2est] Amsatlieet IRF120]i [Fori examplephi ch

has not been dnuegilsé rpiRturadesbs Daidn 3@188NBAY NS dit0loR HBHaRghhg, Dot tom
product V of colum K5, if it does not contain adiponitrile side stream is

i kewi se p L ble. In thi se, .1 he .consunpti.on.of acid or. acidic ion.
exchanger ]g‘ﬁ%‘lh?hﬁeﬁ%’cﬂﬂ °§f %ﬁgs?%’t}’é’ r(’)fﬂtgﬁe‘al%ﬁtéif Fﬁ%é ﬁf‘h&’f*pngk?‘f‘fq‘g fas
been renoved thicPEaSRCY Sicp. Ligridigiidpeph sirhhasaipieqr cfp ¥hicht FrRsg ddec
conpounds pr ddanidi ¢dilvyentr eghdoe asided dobtheitadimeniteyle risigethepretih dibey
super - equi Macdd. ot tbéRsrebeenafoemdhe0 ab&dadvant ageous to add from 0.01 25
to 10% by weight, in particular fromO0.1 to 2% by wei ght, of acid, based on
o0, 00N L anl 8 LEBE U heflrl 6 SRRRSLELLS MR bl 48 Bekilchon
50 Chrough a FEORCRLIET BOILARESOIRANRI, ANT SHAIRLE, COE Hkom BEGPORE v om 5
to 250[ err] CofeSpiemn ¥3, fifoaf3dres npforertain adipopidtrile fidecBEFe¥y tisSmes
rangi ng fromlikewieedbassidleni futtdsis caspar the domsumpbien ofe@oid 0 10

m nutes. 35 Heddadi polidichafgéfnahie themameant rafnrebedueé Yroduced after the

conventi ong) JRBBALtr AL AALABEONSHamorbadiabiédsld QBiQ{i .extraction. If a
liquid diluent such as water is added during the reaction of 40 the residue

with the acid, the_liquid dirl uent can preferably be renoved by adsorpt.ion,
bSpeaci a1y GiBE PRYRT CFRCI50PEr SOLHSTRIPROR LTI HaRSr CHERRASSPRFPSTT 18 { he
reacti on prodiet sesbdug fheuaft ke athdeastieaaindddn RLefRRAR]YafHP8Ry excess
acid can advaguigedars! \IthdasecheerEdundntadbeadvanthgedys eba rddt Eoom .11
exanpl e wi2s vsat1es: bR, SHrFdarticular from 0.1 to 2% by weight, of

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

30 through a fixed ion exchanger bed, advantageously at temperatures
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.

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

If a liquid diluent such as water is added during the reaction of

40 the residue with the acid, the liquid diluent can preferably be
removed by adsorption, especially distillation, before the
adiponitrile is removed.

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

-
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0050/47303 13 The adi ponitrile obtained by t he process of this invention
can be re-used for parti al hydrogenation to hexanet hyl enedi am ne and

~ 6-am nocapronitrile w thout a buildup oft3by-products which 5 prevent an

- on-spec produtei adipdnitpidecbbyanailibynthe prubems 6fathimciaventionidan be

- and/or adver sglysghf £6t Jheian-gjd kit i8n Ofo tHikamat Ry Véiedi@mihbeamdr ti al

hydr ogenat | on_ahigals ATLICCIRLAL bid: teaCﬁalfw%qugztkyoaw ahesaed in a

10 conventional e.Stage

capr ol act am Hrﬁﬁ'ﬁnﬁy?’br?‘gsl’\%ﬁl PE°‘¥}E">&I‘?& g fé?ﬁﬁﬂ‘%ﬁﬁy gg%%rsed i th
adi pi ¢ aci @ iGHesingtepraridriip| apdorRdvaysely @féeﬁi“eﬂi‘?\o‘?}é‘tsrtlr&ﬂ“y ime

i nportant matwtiel ehsabfsic divst thet panrkials hpBbogenattiionas: ADN = adi ponitril e,
ACN = 6-am nocapronitrile, HVD = hexamethyl enedi ani ne Exanple 1 20 a)

Prepar ati on_ g crugﬁlﬁﬁ}ﬁ&géykfﬁ dfPGhBEe éﬂﬂl'} b8ngEScudba2 18 &M i N

I nternal diane er#/as 'V\%‘l"'g’gwc}wyl\% ergﬁ%;;% §f}{%3é§raggog§l sting.

of 90% by weiHY
of Plerr] dQrqaprafacham byinks ﬁm'mbT %@“’é’(?o§58u§%t el ot

activated oveproteshedmdith adipipheeid imtesaytenté 6a 5%011751 I PE %ﬂ"@t@ eam
by raising thered dnpasetiniy iopodtirer materdaP80joop€trwecti@ierr] C t he
reactor was supplled at 200 bar with a m xture of 400 m/h adiponitrile,

930 m/h of - ﬁaégonﬁ]gﬂ{ A =208 ﬁt‘ijllgydﬁ&ﬂ@ 6-Ahlifbcakdmursiéhe

conver si on t.l 0 m xture consi sted essentially of 32% Db
wei ght of %M A SNd 19% by wei ght of HWD. Th)é Y
hydrrogenati on effl uent was coI | ected for a period of 3000 hours after
renmoval of arBmemipde 35 6- Ami nocapronitrile and hexanet hyl enedi ami ne were
removed fromthe hydrogenation effluent by distillation. Then 2.9 kg/h of

adi ponitrile gyareﬂcgp%rrhugg & feroger Ae@d in a columm having 4 theoretical
pl at es at %otop of - col umm 40 pressure of 20 nbar, |eaving 150 g/ h of
|

due b d at_th f th I
e T e R Cofhoret &R e A0P18 i GAEBEi 0400

2- (5- cyanopent yl a@ﬁ%}bﬁétwaﬁmﬁ’ém’h (7(§9A‘W1A)(13?1%I Pe@tppnrofalyst
1- am no- 2- cyanocyodngiettingeof A03PBy. wabght of CoO, 5% by weight of Mny03, 3%
by weight of P,0s5 and 2% by weight of Na;0. The catalyst was
25 subsequently activated over 48 h under atmospheric pressure
in a 500 1/h hydrogen stream by raising the temperature from
30°C to 280°C. At 70°C the reactor was supplied at 200 bar
with a mixture of 400 ml/h adiponitrile, 930 ml/h of ammonia
and 500 1/h of hydrogen. After 50 hours the conversion was
30 67% and the reaction mixture consisted essentially of 32% by
weight of ADN, 48% by weight of ACN and 19% by weight of HMD.
The hydrogenation effluent was collected for a period of
3000 hours after removal of ammonia.

35 6-aAminocapronitrile and hexamethylenediamine were removed
from the hydrogenation effluent by distillation. Then
2.9 kg/h of adiponitrile were distilled off overhead in a
column having 4 theoretical plates at a top-of-column
pressure of 20 mbar, leaving 150 g/h of residue behind at the

40 base of the column. The adiponitrile comprised 9400 ppm of
bishexamethylenetriamine (BHMTA), 320 ppm of
2-(5-cyanopentylamino)tetrahydroazepine (CPATHA) and 280 ppm
of l-amino—-2-cyanocyclopentene (ACCPE).

45 b) Purification of crude ADN
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0050/47303 14 After the distillation, the adiponitrile was adnixed in a
stirred autoclave with 25 g/ h of 96%strength Herr]SOerr] and stirred at
roomtenperature for 10 mnutes. Water d#&s then separated fromthe
adiponitrile at Aftebarheadibhelbaeidigadhe adipqriddule wis aadmdikednimaai ng
[l 'acuna] theoret ggairdd adoclavéd witth 28 BPRiéf iden wasendtH iHbog dnd a
subsequent stageg ?5. ridd Ig:arooﬂ'lo{)?rg{é}aﬁlréefb U’ﬁ) ‘ﬁﬁhﬁté@f tWaﬂ:%erEEOE'ﬂen

product. The pur i led a nl: t%"a‘ﬁé’%tse y%s§8 hﬁ?’ésa%b%@ 8t ﬁmgl ;lo

ppm of ACCPE andS$82%
hydr ogenat iSon. HEF@d‘E‘F\*e HoRdFPPLEMR hevipga hheeinal) theeretinpy o &tﬁﬁacﬂ

ef fl uent conpri sithg 8ddpafitable WL odistAThednth BoFERbSeEpERtitstageodler si on

of 64% Exanple 20lhbaHN 102. §/lgdh)resdduecdete drafitheas hyolttuye prbdoot effHeuent
and distilled off, uQYf{&?%ﬁsﬁaﬁQ{f‘im dompEX88®| Beds? kn¥AS3IG WK @E BAMER,
stirred autocl avg V\M’l{i &%E 2ha 2/ ﬁrggg#.h.ﬂhe EhPﬂg g s§ {5 ed at
roomterrperatureg % q«ﬁbS 1

adi poni tri% at enB%’Ft’a?é" gyarﬂ%%fﬁtﬁ‘r%‘duﬂ?r%f r}‘ae 64 ¥goe € 1a)
theoretical plat &subkef tife 2agPpoHR% GHLdURRS ‘ERIERHHSP@S ?"ﬁ% é’% Ve qtidhiof
stage at 10 nbar ACBOand hl &% ofcBMB LAt \eeiconversion dfob#dm product. The
puri-fied adiponitrile conprised |ess than 30 ppm of BHMIA, 30 ppm of CPATHA
and 10 ppm ofExé;,}Efg and was 25 recycled into the partial hydrogenation.

Here no c ge i h the catal yst activity or the ACN HVD selectivity was

found under” the conditions of . anple, 3 noved from
the hydrogenéppoﬁge? 9 trﬁﬂ‘a"%‘f%% Eﬁgo?lf%(f&%‘ﬁ&é %@gﬂ&f‘ﬁga{’ Exanpl e
la) was passé&dssiliesnfifoepperbead @accerding o Bxarele 1ah wascpdriEed (MoRex
50 WK 8). Aftseirréed awhoodavhawieh ,100hg/buef {258 sideporh tHPPe %mmﬁ‘tllgﬁgdl ess
than 30 ppm 3% ebolHdhberd@upenicy 10PATHEtewd WeteppwasftraCisepanatedistrom
recycled izy %th ﬁlﬁlllgygﬁoﬂ?%a'roﬁs 56dfndda phaaee idE bheotahdl yst
activity or th el 6_| '\Qe%%eggééflﬁl)ét\é@s LR&'%&%‘&%&P&&@%&' Qﬂétﬂfled
Exanpl e Ia) 5’3 28

in a subsequent stage at 10 mbar. 90 g/h of residue were left as

bottom product. The purified adiponitrile comprised less than

30 ppm of BHMTA, 30 ppm of CPATHA and 10 ppm of ACCPE and was

25 recycled into the partial hydrogenation. Here no change in the
catalyst activity or the ACN/HMD selectivity was found under the
conditions of Example la). '

Example 3
30
ADN removed from the hydrogenation effluent and distilled off
overhead according to Example la) was passed at room temperature
through an acidic ion exchanger (Dowex 50 WX 8). After the ion
exchanger, the purified adiponitrile comprised less than 30 ppm
35 of BHMTA, 30 ppm of CPATHA and 10 ppm of ACCPE and was recycled
into the partial hydrogenation. Here no change in the catalyst
activity or the ACN/HMD selectivity was found under the
conditions of Example la).

40
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0050/ 47303 W claim 1. A process for coproduction of W
and hexa- 5 nmet hyl enedi am ne starting from adi poni mﬂm ..
R

conprises (1) partially hydrogenating adi ponitrile in

catal yst to obtain a m xture conprising 6-am nocapronitrile,

hexanet hyl eng@d afthfg: and 10 - adiponitrile, (2) renoving .
6- am nocapronitril e and hexanet hyl enedi amine fromthe m xture, 15 (3)
adding to the portion conmprising essentially_adiponi:trile from0.01 to 10%
by werght of Jn A PHOCHER P FOREPRAITA PE. SoPhiipUapFaPLET LIt @RonAREEr ~and
renovi ng t e adi pethyierediamine: aearking feomapdinepitrile 4)which, coppgises
adi ponitrile into step (1). 2. A process as clainmed in claiml, wherein
the adiponitrile (19 patevelly myarobenatitgiradiponiteiie Ih Blie dbrdddncat bbna or
ex- traction. 25 3. éagggfgzlgst@%b%ghngqniﬁuqrgabgﬂlgrfgin%_, wherein the
hydrogena- tion is cart fgog#rénf%g:!ﬂfeprt?e%&ﬂl%%hgier?ec#i!agrﬂgg ghhuent. 4. A
process as_clained in ¢clalmZL or iIn the presence of a liquid.
diluent, ¥ ther comdArBPRALETHfoving the liquid dilu- ent essentially

bet ween steps (1) and (2). 5. A process as clained in any of clains 1 to 4,
wher ei n t he cat al(29t resodingnfprandesc8prémitrd leo apd urekaresbslenedianding!

sel ected fromthe gr@tpmCensimidtugepf nickel, cobalt, iron, ruthenium and
rhodi um 40 (b) fromO0.01 to 25, preferably fromO0.1 to 5, % by wei ght,
based on (g, of a ap.ra%ﬁ% e Pased 89ti‘%£feéo%lpr§§kﬁ§nt§&efn&&§ﬂ Cad %lﬁq.tr'ae
consi sting of pal‘ladi_um plafinu Igl I um os%\u c_od;)fp%r, iTVer, gof‘ ,
chréni um nol ybdenumEEPBnGstbrEC koK et It Ofi 8 2GH%1c PaEgARim 45

| ead, al uminum tin, adApephbrike, grsanicidiq ieBngxchangey: And neeRowiadesheh
nmetal s, and 0050/ 443p8nitril® firomntle tmixFurpreémdably fromO0.1 to 3, %
by wei ght, based on (a), of a conpound based on an alkali netal or an

al kaline eggth ”q%qlrecycling the adiponitrile into step (1).

2. A process as claimed in claim 1, wherein the adiponitrile is
removed from the mixture in step (3) by distillation or ex-
traction.

3. A process as claimed in claim 1 or 2, wherein the hydrogena-
tion is carried out in the presence of a liquid diluent.

4. A process as claimed in claim 1 or 2 in the presence of a
30 liquid diluent, further comprising removing the liquid dilu-
ent essentially between steps (1) and (2).

5. A process as claimed in any of claims 1 to 4, wherein the
catalyst used comprises

35
(a) a compound based on a metal selected from the group
consisting of nickel, cobalt, iron, ruthenium and
rhodium,
40 (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 group consisting of palladium, platinum,
iridium, osmium, copper, silver, gold, chromium,
molybdenum, tungsten, manganese, rhenium, zinc, cadmium,

45 lead, aluminum, tin, phosphorus, arsenic, antimony,
bismuth and rare earth metals, and
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5 with the proviso that, if a conpound based on only rutheni um or

rhodi um or rutheni um and rhodi um or nickel and rhodiumis chosen as
component (a), said promoter (b) can, % desired, be dispensed with, and
with the further (g)ofFem & Hat 5¢apretaxabdyehiror ). Ishal B, nbtbypercighed Ifesed ONn
when sai d conponent 8 (a), (d¥) a eompouwid basel. on AarPA%ka3S metLl JrTRd i n any

of claims 1 to 4, whgiralidd@ag@hahyedl used conprises 15 (a) a conpound
based on iron, (b) fromO to 5% by wei ght, based on (a), of a pronoter

based on an. el enent, or, 2, 3, .4 or 5 el.enents selected fromthe group .

consi st i ng%of al 'L'fr#hu © HTOVLER, Thatc di Anfomrpund based FnPRd YRR BRepium
titanium and (cPTf¥epiom ersrnthendamyiand phedinmer(ajckel amdcohpdinml izased
on an al kali net ghosen @s siokpbhemt e@)t,hsakd aprondke?. (bA HMCAFSdesikddi med
in any of clainsbé dlsgansedewetn, tdiR1 adkROMd ridrenbs pASPIRS thae il

m xture by disti bbabdhtand )t Bfa AL IHbtY B8 Ib05Sa g:&h'é’,%ﬁrwﬁ’em-'s'ariﬁ Bgljn@(%netn an
adi poni triglge und%) Pse q_lu t.hlnlnatlon pressure. . A process as ai med
in any of clains to '7a erefn the acid used has a pKa value of at nost
10. 9. A process as clainmed in any of claims 1 to 8, wherein a por- tion
conpri si ng e8sendi B¥PSesfdiagoal aimed: ins apgnef claissndeto 35 whereiepsheg 2) and
(3). 10. A processtalystl aiseddcomprimesof clains 1 to 9, wherein the acid
used in step (3) is sulfuric acid or a mxture conpris- ing at |east 90% by

wei ght of 13Ul f U &) agi Sbmhrd5HAYENED sSHEET

(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 consisting of aluminum, silicomn, zirconium,

20 vanadium and titanium, and

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

25 7. A process as claimed in any of claims 1 to 6, wherein the
adiponitrile is removed from the mixture by distillation and
the acid used has a higher boiling point than adiponitrile
under the distillation pressure.

30 8. A process as claimed in any of claims 1 to 7, wherein the
acid used has a pK, value of .......... not more than
[lacunaj.

9. A process as claimed in any of claims 1 to 8, wherein a por-
35 tion comprising essentially adiponitrile is removed between
steps (2) and (3).

10. A process as claimed in any of claims 1 to 9, wherein the
acid used in step (3) is sulfuric acid or a mixture compris-

40 ing at least 90% by weight of sulfuric acid.
| |
45 .
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