. ;e3eshp46Thl Qi | MPROVED METHOD FOR SI MULTANEQUS PRCDUCTI ON COF 2003
6AM NOCAPRONI TRI LE AND HEXAMETHYLENEDI AM NE Speci fi ' 206é7+N%
present invention relates to a process for the COW%@“‘M’DM’[’MI@E .

G am nocapronitril e and hexamnet hyl enedi am ne starti iponitrile

by a) hydrogenating adiponitrile in the presence of a caf@$yst conprising
an elenent of the eighth transition group as catalytically active

conponent, t QMIROVEFRMETHOIS FOR SARILEANECUSPROIPELTION OF @
hexanet hy! enedi AVMINOCAPRONITRILE ANIY HEXAMIPHYENEDIAMINE | 3t T vely

renovi ng hexanet hyl enediam ne fromthe m:cture conprising

6- am nocapronitrile, hexanethyl enediam ne, 20 adi ponitrile and high

boi l ers, jat cl) distillatively renoving 6-am nocapronitrile, and
t hen dl1) di teﬂjlfrealﬁa\%l% renoving adi ponitrile, or c2) sinultaneously
distillatively renoving 6-am nocapronitrile 30 and adi ponitrile into
separat e fra@ igaRs$enehnveiidnzedlbyebase dprootssmrdrenmer abgtedudiglcdw | 85C
in steps dlgs G-ag@hocdprdhitiSilenang LoxNdQdenad faridiePQRbLEELE Fbrt he
presence of clell ements, 9 %he eighth transition group, especially in the

pr esencel®f* predom naftPY iron, cobalt, nickel, ruthenium or rhodium

catal ysts, solvents such as, for exanple, ammoni a, am nes g0 or al cohols,
and optional) y mdiiddevasifgcddiapnitetlexanpie, presegedicr Rasasal psobt ai n

m xtures conpriSimei&iagi APCRImRAL! biel Sne et pybenadiamgReqwgnds
unconver ted adldQnl (ke L JNEG3kaLERLS URE] (8 Bpeal ALy 3l flonDgeneous) ¥

di ssol v% in the 11 U|_5 p?l'u se, or fixe %e ,C%!tga %s_s use&,as,gs fixed bed
or in suSpensi GIPMPTFERY -G ARNOCAPT 9HILTN &0 HEX N LR TSAFALE: which are
general | y used as5iponisgibedrhtaloPsPeiiertmhe |iquid phase at high pressure,
are described for exanple in DE 4235966, WD 96/20166, WD 96/ 20093 and DE

L 903670 L (TR AIRNT 1S 2 BE Fe I DL 2h oY e%hérrlgmepl%n% 4'f88§\é\913%%% and

5 DE 19636768. N cke .natg_ StS are-used. .acc rdin tqle 8 for exanpl e
as suppojt ed c&RFYSEENP Nt CKE"NGAPAIZDS) " Bul I %é}}%' CGCAF™ 48 6r di ng f or
exanpl e ‘to US 24iEorassilessbhigboReattF w0 97/ 10052 in the form of doped
or undoped Ranéndnieddber. Rut henium fixed bed catal ysts are )nmown from US
3,322,815, 10 honogeneously dissol ved ruthenium catal ysts from WD 96/ 23802

and WO 96/ 04;. ' f Or - EXRR Haum si um oxi de,
are nenti o%gg faﬁsgggg%ggquégje}%ﬁggnglae. Thebg%lﬁtl alléﬁyggggg%%t?i on of

adi ponitasile to formm xtures of 15 6_am nocapronitrile,

hexanet hyl éaediddsitiélanivelic oereried adfigrovittriiée is carried out in order
that 6-am nocapronitrile and hexanet hyl enedi am ne nay be obtained in a
desired ratio which is adjustable through suitable choice of the reaction

conditions. _6-Am nocapronitrile can be cyclized, for exanple according to
us c2) simultaneously distillatively removing 6-aminocapronitrile

30 and adiponitrile into separate fractions,

characterized by base of column temperatures below 185°C in steps
dl) or cz2).
35
It is known to hydrogenate adiponitrile in the presence of
elements of the eighth transition group, especially in the
presence of predominantly iron, cobalt, nickel, ruthenium or
rhodium catalysts, solvents such as, for example, ammonia, amines
or alcohols, and optionally additives such as, for example,
inorganic bases to obtain mixtures comprising
6-aminocapronitrile, hexamethylenediamine and unconverted
adiponitrile. The catalysts used are catalysts homogeneously
dissolved in the liquid phase or fixed bed catalysts used as
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20 5,646,277, into caprolactamin the liquid phase in the presence of17JAN 2003
“axi di'c catal ysts Caprol actamis the precursor for nylon-6, and

hexanet hyl enedi am ne is one of the two internedi ates for nmanufacturing
- nylon-6,6. 25 DE-A 19548289 discloses @ process for the coproduction of

6- am nocaproni tri and h thyl enedi agipe b r.Q
adi poni tri ropnc'#u Srnces'e(r%{)égggfm elmngl usé’d %/ 4 9%@%%$S|a%n3lysﬁs
renmoval of lHe‘kh?re%-’I‘f%’éjné’cH]laéﬁl Ak }éﬁﬂ] @Iéﬁ’FHBEarﬁJEf’mdﬁsFFéb?‘? ORBEHFR LRI xt ur e
and conver $hoBE o4 2 5546 ,n®Oapb 670 146,| &0 ABH2ead3 dlralc DENIL &G E 50 recycl i ng
into the preegsslpita 2@ knoiin CONS ieslaimpPeessamntomlolby 406, ah pwizolickeandhe
di sadvantagg Y‘é%ﬁ‘sié’@s%ﬂc%eﬁ%y&é bag a&g %cycmeaaglw DI JRFBYCESH 1N

the course of t ent Ago ai r%s unde5| rabl e

a ef
by- pr oduct §*#8p2ci%aI? é’rrng‘ﬁéesc"itaez\L ﬁEgs? CFopent ene
( ACCPE) 2pestwalﬁbémcw Wﬂé%ﬁaﬁwaﬁowéﬁﬁ r?e7@épﬁ\%M)W% /18603 and
bi shexanet K9l @M ¥0GEE ne tBEIMIYYm of0 dapedr df ngpdapedhBapepoegdesl .descri bed,
t he by- produeheniie 1iXedsbed| catl ysepabat ekidwdmadmposi 33425 gay,
‘Cli'lhzt Ir L!sglblt H&g@&‘&?é&%lng dEQ@oi%Wdt?@n%fzm?%%%fﬁ%s (f:P&Sm W%G/%%Pbr 99@? t he
by- pI’OdUCtqubl odve%g%flﬁ?m aecaﬁg’ E tf(ir ’Tﬁ%l 6§gé%cyc % 6%%
becone hyd?ﬁjg%atae‘if fgnsig ‘?101rfhtul“7’yl4c98Fo%%%t%ﬂraﬁf‘ﬁ@P%WVCPA) whi ch |s an
i mpurity when the product of value is hexanethyl enedi am ne. US-A 3696153

di scl oses §ﬁ§§§$¥%g%& M§d¥85¥h£kfdﬂ %¥7a31i6h§%¥%QQaE8 F6PMmixtures of

nexaret tis! NS AL ong ek 465708 A 50 i ST A Sqigoni trile to

be recycled

adli poni trif P‘B}ltd??' crdi 83¥ch>?8ﬁaﬁ e? o) Hhé‘ﬁoéea‘f"rfé“fdirﬁ&ﬁtﬁﬁ?eaw om
this m xt ulwwwde\n@éyemén? M3 P§ P EE&TGP%yId‘r GgERatTerh Hod4S Yhichhds
addi ti on o#dirdtchisler \tbgotoh neuithedliez ehaice ogfertdgs roast wrbyomddddens. The
di sadvant ageamiridtdptionigel hoddms beheyébi sad | dorobxamples,acuviradinhave 1® be
removed20r9ng 41e 1,06888 SliazRamedn of ne Thich 1AepRSSd L8l @heapraddhéé onal

process stgp. o lipld o gomm r%;LaI:t'gmp:[§ spt R OO PROYLEE a

process for rom an itrile tia
hydrogenat@i}?ﬂf TiaL corrprl Si'hg” 4 ponl Mo rmediates for

hexamnet hyl agHuFd R928Y 62737 #f ocapronitrile and corrponents havi ng a

boi l'i ng gm nt above that of adiponitrile ("high boilers") in a technically

si npl e ANOpbRGONOIE @8l o TBNSET oMY lne payeE gi Nt faﬁedbgﬁi—y&mt%as ofenti oned and
recoveri ngg \ Va%{]%o%r %ﬂ@t??ﬁ tard ' %ex%ﬁe%f@\é%lmw dfr'a'g%nglgwﬁtof S

achi eved b ess ne che Of ag: r)cnl ngt t ltallacop1 goenatslegn

f adi 6 T &d 6 di
Cor oxben @%&f@&}%&g&ggfga%%éw%{ﬁn et %?ené.c’%ﬁww&@é%é“@ae@m bod

i n 4601g59the Udxxure apgdsconyersiongofofy-aninogapgpir 1 EARt9544161, WO

96/ 18603, &wWrr®A/aties2andEare®235468iny WD O2M21650cedy ofi @ gomeriah,

p?rform' Ngcdria syicigogenah t Dall Iyn ofhedppesencid eof an el enent of the eighth
ansition group or m xtures thereof, such as nickel, 35 cobalt, iron,

rut heni um gor rhodi um catal ysts. The cat al ysts can_ be used as hom) eneous!| y

di ssol ved Tt &ypsiyagrage ‘%Hé’pé’rﬁ&éa BYCF§S&sF BEdtR¥pdta é‘dllBP”%GFg

cat al ys3s. rgoeyiegless 1pf thei ¢asise €At hhy storppeft sharreadtiwinn gt dRewe,

silicon dioxitgdnst nhdesinaklietiydproduegnesiaspeoilley amiresat edcbarbons and

spi nel s. Exanpilnes 248yehosydicdneenel (gccmt pl wsis-afendfiry 1amekeh -and Raney

cobal t, Wéﬂ%aﬁﬁ%r‘%@%@p?ﬁe d(t&%q"ﬁ‘ﬁ')t Bnd %Iﬁ%xa%@lﬁ&&ntﬂh%nﬁ%@ahﬁﬁhTﬁPace

veI00|ty chosen”is typically wthin the range from0.05 to
preferably fromO0.1 to 5 kg, of 45 adiponitrile/l of cat. x h 17 JAN
2003 4 40 According to the processes described, the by-products are

impossible to separate from adiponitrile by distillation because
of the formation of azeotropes or quasi-azeotropes. The result
is, especially if the adiponitrile is recycled, a buildup of the
by-products in the overall process.
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.. The hydrogenation is generally carried out at a tenperature from 20 fild JNd003
C preferably within the range fromb50 to 150 C, and at hydrogen parti al
pressures fromO0.1 to 40 MPs, preferably from0.5 to 30 MPs. The

- hydrogenation is preferably carried oy in the presence of a solvent such

as ammoni m I S S i ig._The an ia quantity
chosen isa%% ecrl%%lsy?e\?mpghllggyt eecormgngg&f’?%%%t%%g ?D lgn,omﬁrqgggFabl Wit hin
the range TYOMREPEYLEMING ol AFERIMBALEY K® AR dAPPBATY rMhed the BH ar
rati o of eramailseapsohexangehylenedianbrdy | EredBaAb he3 atidcience tihat nol ar
rati o of caywrel det agxyodhexbaEiththeBeph i & reanhbgamaitylehkedahind he
particulgr adiponitrile conversion which 15 zs chosen. Preference is given
to using adiponitrile conversions within the range from 10 to 900, ,

pr ef er abl YPEMHBR 76 Redi aptesss G@m3ning Y- adipopiekle H@t PR Hacycled

6~- am nocaypircniftroml €.82| Bctiok tyesehgiyt bef @int achéd. baded wngeneral , the sum
total of GBNMoReeaRIENI &Fidie R1diBexameliv-ared] apd NeerovyeW h8i N t he range

from 95 G 3% 0epeadtngn b GAhakysLe aMth hEAGLoyON GANGitbops, and
hexanet {yl.en€i m ne, L. s the nost iégm #:ant b)é-gr% uct_1n terns of .vol une.
25 The catRIVEERAELD aF L Prdter bl A O BERSATSSr ISP T AN ER and
cobal t comIdtRASNOPE P2as Hh|RY-PHEFECHT - (The Rafagvaninge #dpbcrals ynakdosy
ni ckel andsR&hg=yorwmbhicon Sheadasal yisich daveaksobderarmwddi ArometHeor m of
support ed mrakcakgshad dhspdderh oFasehdd reddsahtat s pRorddas ik Deham epfcesexanpl e
al um num qxiege, silicon dioxide, zinc oxide, activated carbon or titanium
di oxi derg S. pl. Het. Cat., 1987, 106 - 122; Catalysis, Vol. 4 (1981) 1
3)0). Raney nickel is particularly preferred. 35 The nickel, ruthenium
rhodi um iIrtoAsand cbiedt afattdleypresesn ladeantayeousirnpvide ndddrfdaesdswitoh
met al s of refhevghoupsipdBiqxGle EoomVin artd pdhlitr{ ke, pditiaOshy&oderitionn t he
Zase 3}‘ mp;i'%@h):t Rixtlfe &ﬁprge%mgfaai%n%&&g@;%é:aelali%hspi?ﬁé?@i@xlé%@ggg 3-78
ccordi ng ¢ ans; 5o a e - ;
40 Bul 120 § gzg%gg By (tlélz}l]g)a %ﬁgoﬁﬁei zﬁfsi%ﬁ?f %@ﬁ%&ﬁ?ggéﬁ ed Rangy
ni ckel cat&FysPE, 2R ripiCe (AT 8 L cand/ ot i F o ibdr fied, 5 1"%ads °ro
hi gher 6- &TPRBEABPHTAHIG%e "PeilEcRY TG, thgsdisadvantages gAR  ARreslflt of
cat al yst F§cguasiag | VeIhdde® $61PPattHHE-cobalt, ruthenium rhodium iron
or nickel quantity is within the range from1 to 50% by wei ght, preferably
within the.r b i : fio@i:niLpril e
VLD e’ AR08 Eooh S, 20esbuoYELNL Sbased oy Ree R lociLl
downf | ow fodée 6r  aE ' StipEnsi on cat al ysts. 10 In a further preferred
enbodi ment, adiponitrile is partially hydrogenated to 6-am nocapronitrile
at el evat etlet papef al uneiran@nakevat efl jaiesatit£ild ddwe bpr eserncel efuta sol vent
and of a eatakis$hgbyo Usin@rateat Rhoal pFQRRELSS NOFckD elxhmpl & (ARVHHE ngasgd on
a net a'sos%é%?dtzé O 3P QYR § A cRls'sRY QL& GHeR] inCRBM 4501 1 @B,

{“t gg”ib;mza!?g%;@?%,' Y8 J gl 5881 Op Dl 169 g5 290 bHEl’F'Q%EE%GPr%f%e?{%g{oégng' 1

i sed . dn a f a pronptéer!based a ne
f)(r)om the § ogﬁ/é%@ stiHG 5#38%?@%’1})&% ) ?5???1?1mb}’|'r 8 8RS um  copper,
sil ver, gBFEICERIRMithE MEFPEERALIRR tivhGSeeRTesriifFaRésan eIRMANIMeIzIthE,
cadm um Eégdthatxamsivrgon igmouphos phicrtus esatbereat,, auchnamynidiednut h and
rare east bobele) sirand rltdenbmi i )iodmue tetHPpds Wehghtat duyafter akhy from
0.1 to 3%byu¥eday 1h59&b%%@egﬁsirdfgso@v‘é9”999§f&§)&$%q 28 Ansgdald opetal or
an al kal i pg,£arj 0y F‘S}ep?crt%% BLe §I{oe%a%%ﬁgL§§tSEﬁr%1%Q°8§ %J&It"!ﬂl%h
conponent |Z onpri’s at 1 east _ong conmpQun bas_eorp on.a petal sélected from
the gr oupCEBRLYSE | PR ufi GREI 2 LUBHAM SHAAS! r DAL 1GP A aRbt b R he
range frofie®ide, g5gNRFiINEI gHEde arRftdives edut einimaaddspine HodiExemBsesn an
anount 4@ bhi suiteb rearmgd ifdr oat8lsto H% Byneei gitkeleacH Rasesd awbailhe sum
total of eRIPRNGLY Sedoh W dbbid CDIMPEISRhet | feCIMIri Ses at | east one
pxonot er based on a netal selected fromthe group consisting of silver,
copper, manganese, rhenium |ead and phosphorus in an anount within the
range frofh®. datdl 5ok IHpase Welghity sosdnohs i Yypimed lyowpomgntthe irpnge
conpri sesfadm| @a®3i twnd (cmpopndfdEsdd amomhe. Bldealsi kgetat s and al kal i ne
earth HBt ghspselectrg if i@mckbe grpup consisting of Iithium sodium
potassi um cesium nmagnesium and calciumin an anount within the range from
0.1 to 50 by weight. 45 Particularly preferred catalysts are those
conpri sing



..~ ~ ~aN zoo3 g i) a conpound based on iron such as iron oxide, and ||1)7 JI(I\DIUM
0Oto 50 by weight based on i) of a pronoter based on an el enent or 2, 3,

5 or 6 elenents selected fromthe group consisting of alumnum silicon,

zi rconium vanadium 5 nanganese and t4 tanium and also iii)fromO to 5% by
wei ght, preferabl fromO.1 to 3%Db in particular fromO0.1 to 5%
by wei ght, Th&sk¢d qn)atéf’n atqog ﬁdc%’é’é:b‘i'jj Mtaftaf KPR EFRaF T 7R
earth netak? bo 1 46} ypyefexaidd Within hdegrenpechnen st vg &F0| iQhicn

sodi um potashydigenu piadic ial s cuies MRgHR SO Limtand 0CrPE) WwrefErabpy ef vonf ed
catal ysts gay & ;Phpd . Or supported catal ysts. 15 Suitable support

mat eri al 3 i ncl ude for exarrpl e porous oxides such as al um num oxi de, silicon
di oxi de, “aFbeoydrassnesion aie truRfsreRl¥ecay ieshiout dnostieleresepesn?iim

di oxi de, naghesitursuaki de, amharci zgX iatké nas dorz edldohesd sandspesicldgt kvmdrte car bon

or m xturegné heineefia aeaih:ewy > s@anes agé e apayedn by ‘dlfee@aﬂlgbafi@ﬂ
pr ecur sor s of »&9%051% ré%eé %Qﬁ'&hmt&e"&%‘ys?&érﬂo& 4 he Brﬂg‘)t
conponents 1] and i f S|re precursors “of “conponents il Nt
presencg %}E@ﬁ&‘@ 8f § b%‘?ﬂ’ttrr?&f*erl al s (dependi ng on which type of
cat al yst | s desired), if desired processing the 25 resulting catal yst

precursor i anﬁ?étrr w2t 8% D6 Laahebapr id:N0 ARG AUbARIURAhE Ao NO.
Supported caj g tﬁéemgf&er 5% Sks&l 913}1%;&39.' €ob e:?eﬁﬁ ‘{rh?rtl HQdi%&x?e”ppo”

with a sol utl ual
conponent s° mcﬁﬁ; RRBH LTI ABoREF b O A "SIBEBLET b :)@va SLBP YA ¢ he
30 conpggeht chosen;i Praferstcaidsi peeR it9 using pAEPRRHFGRe Fﬁn&ersmns
convent i oned thiemride. r&uge abfam dletar 80% s Hmfecehpprentisin thgenengg | from
i hcl ude r eadlidoy 0at einsotdddt ahsal hsghfeidienaicapearitt dredeletai gisieh as 35
nitrates, gy odd dpsaincgt ates, formates and sulfates, preferably nitrates.
Sui tabl e precursors for conponent ii) generally include readily
wat er -sol ubl e salts or conpl exes of the aforenentioned netals such as
nitrategp Ehlanneged, tletmedothdr phteimim@cegrPaitsikmaengl so especial ly
hexachl or oj>atrienalytenedadngirabliy #0thin ridteesaand heoactt aoopPat i nat e.
Sui t abl e pa&SdHEAGSoh Ofa ERANGRAESréad)igerenhaktyohaicldide readily
wat er - sol théﬁn%%weﬂélmf‘e aforgaenbionsdralekabhe "By gl:poded 49 adkal igre
earth netal ch”as hydroxi des, carbonates, nitrates, chlorides, acetates,
f or mat es an sul'f at es, prefer abI y hydr oxi des and car bonat es. 17 JAN 2003
They aré3generally precipitated from aqueous sol utions, selectively by
addi ti on dfhegproadiepysantssed\prehangfexpiiihe ngeket, b:yuﬁ’rmng:mgrhh@ium,
t enper at urfrorb ahllecevi bt wsimpoiadat epratetably ohbeé nefl the mrabal | yymh, ed,
general |y edpddi@M O0rd 9yl 32 e 1PEEE EXARWY Bl 0MRD da22120: £ Ll Ligeat i on
s CUStOWé eeGALhT B Qlrrflos LOPDIAR @209y Grs Pr&] Q/BRLY caLe Trom 200 to
450 C, Sa{][gc%sb st ggam rrplrnlC hgg alr or nlltro gnrlll s Xltder cayc Ci nnatl on,
t he cata flerla |ne eneréf’lmlp rva edqb >’<o§ It to a
r educi ng aff fier é““?o‘?" nﬁ’F 115 t%‘kmi’ﬁbﬁﬁ PF Forany di"?b 24 *hours to a
hydr ogen atRrdspHete @rtio 1P87a 488 midddr €agorpeisi Mplhydr 648H1 lnd -an i nert
gas, such 3 .nikenegemickel fisopa80itwl R5Y Grepeefedably at from 80 to |80 C,
in the case of catal ysts based on ruthenium and rhodi um as conponents i),
or at fg® 200 t 00 refera at from 25 0 n the case of
catal ysts é‘dcgﬁ qu}f THE' nﬁ?%%{% "0 %SPeEPgdC%%rﬁ h&2 BV‘BE% Thsi sting
of ni ckel adé’@lﬁ‘é?ﬂe%‘l’lﬂly rn MR i SRPOREt Mefalonel celtel SuPsphER (&l odidry
here is pr"@f @ngdbV§IROFe,/ Ruof Oéat@wymnly in the case of nickel), Rh, Ir,

Pd, Pt) of the periodic table of the elements. According to

observations to date, for example according to DE-A 2260978;
Bull. Soc. Chem. 13 (1946) 208, the use of especially modified
Raney nickel catalysts, for example chromium-~ and/or
iron-modified, leads to higher 6-aminocapronitrile selectivities.
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Advant ageously, the activation of the catalyst is carried out 25 di r‘lts?c'MNymm
i'n the synthesis reactor, since this customarily di spenses with an
ot herwi se necessary internediary step, i.e., the passivation of the
surface, custonarily at from20 to 80 & preferably at from25 to 35 C, by
means of oxygenfthiA{ QLR aTLXLEE €8s IR 183181 EnosHIE s3CEhYAL LN Qpap@aSSi vat ed

catalysts is,30 then preferably carried,o In the syntheslis reactor at
From 130"t 5uBbEn oy g iy 1Yo o, miB Y abddeeile SETVAERLY feoFaRce
conpri si ngERGBr bgeh.S0fheYcHE 2Pkt PHRfETBELYISH iR &hpetigker RP™S tPxed bed
cat al ysts RA%uby voxigitt,dbanéd oon ndde aopuas sfishienisiradecatad ysts (see 35
Figure 1. If the reaction is carried out in a suspension, it is customary
to choose tenperatures within the range from90 to_150 C, preferably within
the range FRensZREUS062E, Poattqt ASakFFed0Peft S&raBEYS Wit HRT 10He©F ange
from 60 t odgenflov moder essas esuspayeienarhyakysdsen within the range from 2
to 30 MPa, preferably within the range from3 to 30 MPa, particularly
preferably_within the range fxom4 to 9 a. ..The .residence tinmes.are
ssent | abl I dbpbIdNE BAETRE SoaTPEdLyr Bt o SUHDIET oIt y SR HE Hbs  red 45
conver si onPY@¥Rggnediede e e 13T QRPERSL BRAIE |3F CHE¥aRed ctARPeFEture 72AN 2003
S maxi m zeetématace|pgesture eikanplee preshnae téle a sodeeht omd®fi @ 2@balystut es,
pref er abl ypwiidling taheatange: fadwpré@ihg 200 minutes. In the suspension
procedure, it is advantageously possible to use 5 in particular liquid
di l uents, advantageously primary, secondary or tertiary am nes, such as
nonoani b®st) di ArffRCUAFdPREEANhed “I‘l‘/&@ilnﬁe{?%?ﬁdl ftr@mGtgarWPat ons, for
sxanpl e trimetbgisirtiag pfi vitkeaniarbaltei propylmanihereiandand ithedybhani ne, or
| cohol s, especially nmethanol and ethanol, preferably anmmonia, or m xtures
10 thereof,.lt_is adyantag Q_choose_an_adi.poni tril ncentration
withint hellr)anfgre‘_m11 ?Od\r?ﬁl%ot 294918%}5 B'Jyel %? hPf-efpﬁreaft}glyalngwgtﬁ?tr? S‘:’E"egyange from
30 to 80% by WS FHY, PAPETCOR aty Yr & BFSBPYSWHERPA Phed rifitgd FRORTHF t o
700 by i ght , fisasddeoarene enfiissrialn of aef kv i péabhelrg |i¥dfgumis | The
anmount of cat abspsituni,scgeper aldilverosgnldo thaimivme palwbgstumquanhgstyen.s
Wi thin the rangamdanese] ipedilan, by iwei, gbbampinef aeakl, yavhtivisn,t kengange from
5 to 20% by weigiphoRasedapiede aRUAbne KAmRdhPeRitFite di3R8. ndhL1s,
partial hydro tj;Qg can also be carried out batchw se or continuously
over a fixed bed catalyst in the downflow or upflow node, in which case it
is customary to choose a tenperature 25 within the range from 20 to 150 C,
pr ef er abl yiii)tfdom tOhéor ahdey fwedmh30 pored@rdhlyarddom PresSisurds Wiyi ehigist,
general ly w t liaselchenr apgeodf radmohpoand Opday oo @hes dbd yi widdailnok-hen r ange
from3 to 30 MRA&a138el Latsh agitant.ageously possible to use in particul ar
liquid diluents, advantageously primary, secondary or tertiary am nes, '
such assamonoam nes, diam nes and trianmines having from1l to 6 carbon atons,
for exanplF&eferaRehGrEHiNfds preethAgfammahichi ppepsient i §AEPrises at
tributyl akengt oneatewroirs] bespdcral ¢ yn3& Ineehenbéd aimpretthangtoupr ef er abl y
amoni a, @onBlixtinesof heigwefl, tobalpraferived enbadi amenint a&iEPHH atlies used
vv'd_t hin { h%ﬁ'h@@??r&hom ltfc; @asl};sibgi in@ﬁ‘l@,r aab]}dy aﬁtggn}@tﬂ&ai%nﬁane%r grrm‘diulm ”
adi ponitri:le r rs Vi r S . S e velocity
wi t hi n 30 1 hgzr %ﬁ%@“‘?r@r%%@l gg g?lgg%zpq%i:ﬁnr gf’ér a%l':i/f’ ﬁ%?hﬁ%ﬁ%ﬁ%é ?é;% e from
0.3 to 1. 53R§Y 8P =f SoWl PR/ REXCHPIRTES £60°° tHe JeoFTBPEPRR hence
t he sel ecCPPPEYSeANM D SEEHt PBEI BEOBYtChAFFeAgor he heidildsrdectedeliraas 17
JAN 2003 the group consisting of silver, copper, manganese, rhenium, lead
and phosphorus in an amount within the range from 0.1 to 5% by
weight, based on i), and component iii) comprises at least one
compound based on the alkali metals and alkaline earth metals
selected from the group consisting of lithium, sodium, potassium,
cesium, magnesium and calcium in an amount within the range from

0.1 to 5% by weight.

40
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Particularly preferred catalysts are those comprising



.9 I't is advantageous to add basic additives, especially hydroxides, 47 JAN003
car bonates or al koxi des of alkali or alkaline earth netals or m xtures of
such conmpounds, in the hydrogenation of step a). 5 If a diluent was added

- in step a), it may advant ageously be rgnoved between step a) and step b) in
a conventig h y. ilLLa , b eused, for

exanpl e in tep a?ﬁfﬁwd?ﬁ%@ﬁ&?%gle% gg%%e%]f‘l%l:a cB"?Lgtgt‘negrt])ériesent i nvention
can be wor k&g dipomnn0 ttwo 58euenesshtobasedpen(speofFiagpresofiearith<yd ofhen
reaction effl uenémémt tdralal YBha@ hexamet BybReetd avdiRe teameYe dife fgreapi t

pgether 1 (h bBFe BIcAPUICL AR Db SOBAT b, el con ke

pl ace ingtwo or nore c gn bre éra ne co na preferred
embodi ment, t hBEREEES a2 Bjnih eraétfjuf“ fn step 20 b) should be bel ow
185C, preferably bel ow 180C, but the | ow vapor pressure of the conpounds to

be separ at eds pans ¢ il skhgy sl §9t@gyatgmﬁroﬁtw9 sgou wa%lgﬁtl ess

t han 100C, preterable/ ng gr heelp ﬁsgres at | 3ase of the
col urm shoul d AAAH S % V\ntﬁlnth ) 1(?
especi ahpy fr oRPBPYH @asﬁﬂaﬁ’n arhélﬂ‘é%Fd%ﬁc%“tq Sﬁrtll‘lé“%?ﬁlt'om product in

the distillati Dnetﬁrésbtle'psb}e@mmlf(wptr ther abdyp lsongiching tdfe iddgamirom 1 to
60, especi al | ys&diwnm,lpotasaidmes.rubidibmng t oes pmgdumeagnediah nedi fdadetithe
distillation of step b) can 30 be worked up in two alternative ways, step
sequence cal%ﬁand dl) or step c2). According to step c2 (Fi gure 1), the

bot t om pr ot tPHef er&qdi ‘ﬁﬁf“]é’s’&? BBY Ubf s0d \%eﬁtéplﬁo%trﬁdm?é ﬁlléﬂﬁﬁrl le is
renovedipvEtitde subpont thategipds  bpmiede iforaenpppke MEAPNSaREBAES ] gh
hoil ers (H® arwminenpueilde, aitlheohodimmde,odlehos Thicdiase Abnebhoum

tlenper at urexide,StQRa62hm i d@epr £566En A id16RAEE Pind dhd2ahao:88E, zinc

prEferablyo%%ﬂémﬁn%89g5%£¥gs he 59¥6V§E¥§vd% ﬁségiﬁbﬂﬁoﬁIM%XQQ?QQ“ﬁ%E&éd} be

separated neans that the base of column tenperature should not be | 'ess than
100C, preferably not |less than | 30C. The pressures at the base of the
col um 26oTikely acdeageagealist yriepaved hn ntesipangeing @ne@utspbos100, 45
especi al | yedrignentk0a#0todgdrer wheh resddinizee st bfeshofpridmetbesfom 1 a ~aN
2003 z pr@&fﬁoﬂeatghglﬂl Sdid hat besi Ada stm 2rcsPOMd J¥r ebrpaRbyc e iwit hin

the range t ce
y )/dl)g(Fjlt}%ure gsggce eo%p%%gahtx o sqapto%frtmnaytlelsal ftd%bsﬂﬁﬁattﬁtlﬂn hi ch

F eéa aﬂygqlg éﬁr ed 1
t he 6-aplnoca ro rPreisdrstit |ve rerme géz?%g t he
bott om g% 1tiogr gt hsF zErESFﬁﬁ?F i SHhEr a%t"i‘)‘? t?&nltfa t sSTREHSY ed

di stillatiand Fubreanently SPd18)Y - aRPRIFERILER RIS (EHSF caPRNeBRbMRd Vi a

t he bottomlrodbteindble rbya sprefetirgl Websdirent ,vithe ebascdubiowodfum

t enper at ureonponehep ¢)) showhd be dediowd 85€), ptleef eimatihy dbhel ovoriB3HEntisut
the | ow vapningaasdr eimildaheccorposinds: tsucbessepa) alredymepnsyif@tide 15
base of3zgal nEﬁ‘EEeii"t uri§ shauld naliRG i8S Lhad ém%ogupE%{e{ﬁbi y not

| ess than r es at t he base of "'the colum s
4)dvant ageo%% ;%nlgéo\%la?hlﬁ %t%he range from0.1 to 100, especially from5 to
0

nbar. The residence tinmes of the bottom product in the distillation of
step cl) shoidathlpr pfetwmdorsbeoc?2Ocovmpdtightishe ) r aager £11gMikctodé0reasipaci al |y
5 to 15, Rjreso1dPee Dasie s0bsCOhMMNERMRALALHEES hdta3leBubh) 28f the present
I nvent i Im Al%:l%é QW & ?&ﬂ%rs‘?f QE@P&%’eJJE'f%Wm%@Q ’algcgt tﬁ%tLgW ¥ Péra% sure

of the comaou ta}@ g C

t enper at ur'e S ﬁFd ?1‘6:{ 9 8550?5%1%516(?6 BPB?%?%%IJ;} n§E"FE8 ¥th?‘| ps5c
The pr essUrsedidY YAECHRY brlet ﬁ%%%l%ﬁ%ﬁéﬁ?‘ﬂs a‘&fﬁ/étﬁtea@éaﬁﬂn?m’b’e"%dt hin the
range fromedalst sugOas exiggetas | ycfyarndesy oadetatdsar foTheteesqn@nce ti nes
of the botsudrfapesdasd dIsd kepdisally aldxarhebropBax iakeshpubdepaster abl y be

30 withih fihe kaBoend NURaktrher6M1ashReE.ally 5 to 15, ninutes. To further
reduce the level of by-products in the recover ed adiponitrile, the process

of the present invention nakes it advantageously possible to feed an
or gani ¢ orSuin@bjanpre@uisbrs for components iii) generally include readily

water-soluble salts of the aforementioned alkali metals and
alkaline earth metals such as hydroxides, carbonates, nitrates,
chlorides, acetates, formates and sulfates, preferably hydroxides
and carbonates.
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35 batchwi se or preferably continuously into the bottomregion of t
1 gy

" ¢olum K 2b or for the adiponitrile obtained downstream of col ums

2b to be purified, batchwi se or preferably continuously, with an organic or
i norganic acid. 40 The adi ponitrile obt ai ned by either alternative my
advant ageously be used in the partial 7hydrogenation to form

6- am nocapheryi erel gemanth Hex amet hyiemezd iriome aghevuexsoipdteolby, recycling into
step a) ofsehbetRter QfadiReohNYENbFLpi®ankBl Oby PHLERSS tRE SPEY
hydrogenaﬁjodgga ?Sﬁ, }% g amrt%le f 17 J}ZN é}%q ?0 £ e
Sur pri sing egyc I ng e adirponitrile recovered by the process of the

pr esent |nvent| on into the partial hydrogenati on process was found to | ead
to considemablatalysntpaees teribhechydlraganakons ﬁé\falcilysa!rhéatl ve

purificat Igg Ry By Nex AmRhN¥heRg U &) Icl NBrarek- 4itg, Qast 8@% b the

hydr ogena n % ause t esent g O# ?’5 the | evel
of 1-aniné& &93 b%’%//cz'r Slﬂgrf t aérrl(? yBPEd*RdiBhi'tri £ aﬁ‘pl e l: a)
Pr epar at i @ﬁeéﬁrahly radn ﬁ?Y dr 8g€nkR i BrP chr alyst %%Sﬁéﬁﬁ?‘aq’OWrSé@éna%Fon of
adi poni t rickrentibrégemd nocapronitrile 15 and hexai net hyl enedi am ne was

carri ed®ut using an iron cat al yst whi ch was based on a nmagnetite ore and

repared according to ', Ex ) of DE 19636767.. The, parti cl SI ze
Pragtl on GIEQTr SRt A GRY {TF% tr’r"ﬁ'l YS3oMBYeBATt i %ﬁtWSBob n3ER TR

adi poni t r EEEivateB areXPeadrer it 150 acmeﬁﬁcneag@wwege nEP¥ revasrdendy
di anet er ) empsspag kied feirt HrdR02 nto (24630ugy 0 & heydratgeny stmosplerrealorptepar ed
accor di_ng at gag) maachree dompdi s ing 1B ogfeandnd dar?Sinkirt BYE) 0g@dh dsr eam under

at mospHer g prgssUrA: £Ham BEMRSTAQIrE, f&la%qg bromap eQa tt% 340 < over 24
Do T onr h“@ﬂﬁ%%aﬁﬂﬁgﬁéyﬁb‘ése | ghoxbeilsg Gl Lt 2?2"”? wi th
330 g/h ofzo'ﬂ 500 g/ R¥of* :foaﬁa gﬁé é:taﬁﬁﬁfﬁr"‘l}?]ﬁ' (?ft 8?‘0%% *rhe

hydr ogenafPBn’Grad PopBE aFese 1 CRE8AYRbERASAHON PR f dthed ™8%5248ndi ti ons.
Thr oughgueel aetedtinan dhiragorp sfonstistinn, obmiadNlgonebalt aindfiredoagave a
const ant totpbnaet aot.i Theycésalystotsplacef vehecistai eetreviti psetdrably
6- am nocapooniy1ide cardipexanet hyl enedi am ne) of 99% The
6- am nocapronitrile selectivity decreased from50%to 48.5a in the course
of the run. 40 c) Wor)cup of hydrogenation effluent Hydrogenation effluents
were col | ééveatwﬁq%g%héh? WFEHORTERE Rbr KR, CatrileR tuas %aalfrrﬂieéﬂdoaat
bat chwizgedingctly in TAR 2p0OBhesixs reactor, since this customarily

dispenses with an otherwise necessary intermediary step, i.e.,

the passivation of the surface, customarily at from 20 to 80 °C,
preferably at from 25 to 35 °C, by means of oxygen/nitrogen
mixtures such as air. The activation of passivated catalysts is

30 then preferably carried out in the synthesis reactor at from 180
to 500 °C, preferably at from 200 to 350 °C, in an atmosphere

) comprising hydrogen.

The catalysts may be used in a reactor Rl as fixed bed catalysts
in upflow or downflow mode or as suspension catalysts (see

35 Figure 1).

If the reaction is carried out in a suspension, it is customary
to choose temperatures within the range from 40 to 150 °C,
preferably within the range from 50 to 100 °C, particularly
preferably within the range from 60 to 90 °C; the pressure is
generally chosen within the range from 2 to 30 MPa, preferably
within the range from 3 to 30 MPa, particularly preferably within
the range from 4 to 9 MPa. The residence times are essentially
dependent on the desired yield, selectivity and the desired
conversion; the residence time is customarily chosen so as to

40
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First, ammonia was distilled out of the effluents overhead in a col upmp jaN 2003

havi ng 20 theoretical plates. The bottom product obtained was a m xture

whi ch, according to anal ysis by gas chromatography, was 30 nol o

6-am nocapronitrile, 39 nol % adiponitrile and 30 mol % 5

hexanet hyl enedi am ne. The .npst significant by-product by ~ro~une

hexanet hyl SReFAEAS. T W@esg??\g‘?g’f%egwéfl‘{%ethﬁoﬁa&ﬁ?pf"ﬁ%&o i W?ﬁa same

col um, 29&nigusesheReaferaplenedikin fdewsprage ehitnred loker AeGdniatutgshase of 10

columm tenperature of 180C and found to contain about 0.5% by wei ght of

hexanet hyl enei m ne. 695 .9 of the bottqom product obtained were distilled in

a 15 conty MobeFy* 20 BEPCRAFRGT SichS e RAPRIPEE PR r6uH 908 g

of 6-ani fHod&ppertienlar Jiavhdadl 1\ BRGsy afvartsanausly BYifary $SedestprEam

t akeof f andrlf@egtdérydinjaest r sheh cenponeaninds ghiibeiihes sams thdtamdnepr oduct .

de ngl sti Izl&aﬁaa f\@&nq?rtbl Edc@moratat@mbppf@f SQlmpTR Sfﬁ:ﬁéwﬁagfinfer,gm 20 tof
ar. . : peLatige. r y e top o

r %hp o, &2 Hpgg Gle %H& T}‘-m;la lg}n% e of/a%l%'g'ﬂgéé,

col um pressSure, e reflux.r o vas 2 showis éndence
of the Jl-oal‘?‘isﬁ’S-c?@% FECYEPEpeM B FEGa8ht i P3S15T & ZUPpoHi ¢ A1 BA8FUTRR
si dest r eamthgkeef f Hs 3§ pOMERTIAPVE tReChREe ¢ efinAPteferature. 25
Tabl e 1 30c85cdftBasi@rofvitbiunthe ewpgratuere ((COLACEPE by weight,
(ppm) | 98. 542306385110 11i20Q184h2 8ARES 233650 182 803269 1881 §27,001 80. 52700180. 0
28001 78. 22800+ 13u PRMyOHr&raPRNG, %i%aﬂogugll%q%@t gpembased; onsagi,ponitrile

1

45 obtai nef 0y | dealeal LAKeRll couky TodANAN0T =113 as e 1 A

process jfsor e coproduction -am nocapronl tri
hexamnet hyl enedi am ne starting fromadi ponitrile, which conprises the steps
of a) hydr agenaméur: adi panalysd esi gehbeapresensenoboatical ahgstatBlyst
conpri si nggabnel e waknihecdl ahhiget EAAGI § 1N s@EOPP WSi fIAL,ab¥biesadd My
active COW?@@B& £ Hed r%txgé' Br&n '8 %LUREs C éigq'h,fﬂg Ba oy 'kﬂﬁacl%r F’QH:H% o r:
hexanet hyl enedi am n ) a |Qon|trlle and hig oi l'ers, 15 b) di St atively
r enovi ngoh%xéﬁ%?ﬁﬁléﬁe&sgrﬁ ne fromthe mixture conprising
6- am nocapronitrile, hexanethyl enedi am ne, adiponitrile and high boilers,
and either RO phytidizshivblagénalipnr eapvalgp GeakbROtapr o thaticBwiaadot hen

continuously over a fixed bed catalyst in the downflow or upflow

mode, in which case it is customary to choose a temperature

25 within the range from 20 to 150 °C, preferably within the range

from 30 to 90 °C, and a pressure which is generally within the

range from 2 to 40 MPa, preferably within the range from 3 to

30 MPa.

30 It is advantageously possible to use in particular liquid
diluents, advantageously primary, secondary or tertiary amines,
such as monoamines, diamines and triamines having from 1 to 6
carbon atoms, for example trimethylamine, triethylamine,
tripropylamine and tributylamine, or alcohols, especially

35 methanol and ethancl, preferably ammonia, or mixtures thereof.

In a preferred embodiment, ammonia is used within the range from
l to 10 g, preferably from 2 to 6 g, per g of adiponitrile. It is
preferable to employ for this a catalyst space velocity within
the range from 0.1 to 2.0 kg, preferably within the range from
0.3 to 1.0 kg, of adiponitrile/l x h. Here, too, the conversion
and hence the selectivity can be controlled by changing the
residence time.

40

45



dly distillatively renoving adiponitrile, or 25 c2) sinultaneously 17 JAN2003
distillatively renoving 6-am nocapronitrile and adiponitrile into separate
fractions, 30 characterized by base of colunmn tenperatures bel ow 185C in
steps dl) or c2). 1 2. A process as clainmed in claiml1, wherei n base of

col um tenper LU 536605k A %%%Cﬁgglétae@&t%)esoreg%g Qo FnAciesess s
i e

clainmed in clai eint I.ses i1ron,
cobal t, ni E?’&léq’natrqﬁ I?énf’?:u]i‘r‘?’b‘r &5 8di GH“&{ r‘ﬁ%(ta& ‘é‘%li‘ﬁe‘? “@&Fa?fltl cal | y

active el enb¥ituref) of. spchreweeyngds, cini veel Hvdraapnotien #fistep 6)3, wherein
the catalyst in step a) conprises |ron cobalt or nickel or mxtures

t her eof at al ti ca | ve .el e AN 2003 ~ 5 A process
as cl ai ngdlf %f CEAfdt 374 ?/ tt W@ycﬁa‘éﬁ’ ts"igelorli's&tye i's
based on REffesy @l@éf*’eBP %ﬁfé)?)céﬁél P bﬁ H‘uﬁego’t"f’@?’féﬁ“a%menn%pr ocess
as cl ai nedererfaarapblyf byl distsilllattdod, whérls mweukedeafet yestangpded inn step a)
conpri ses $gem Hanpound based on a netal selected fromthe group 10
consi sting of nickel, cobalt, iron, rutheniumand rhodium ii) from0.01 to
25% by ygi ght, preferably from0.1 to 5% by weight, based on a), of a
pr onot er BB dhysirogenat ion 1of Idakatt of theomuesengr b’(&l‘iﬁm §ﬁr>n§eoworked
pal | adi umumpliat itwdmsegquentasmofostepsn (oo FEgures| Vednd gol.d, chrom um
nol ybdenum tungsten, nanganese, rhenium zinc, cadm um Iead al um num
tin, phosphorus, arsenic, anti rmn bj smut h_and rare. eart.h mstals and al so
20 ...)fr&ﬂeb negcEgeBy e R, 1 i‘ t2t b Rps heRpbet X e rehipyLRei FHftovashsed
on i), 4 fé%riﬁo@ﬁaeb%@édﬁdﬁ aheabxapyo t abespamehylengiimaaeeart h netal .
25 ~. p, procgsd)as Thias meth itakenylade clraitwe drtmoxde acdieamesn phefeatdlyyst
used in Stdie @o1e@AP(kSes. i) a conpound based on iron, 30 ii) fromO to 5%
by wei ght based on i) of a pronoter based on an elenent or 2, 3, 4, 5 or 6
el ements selected fromthe group consisting of alumnum silicon,
Zi r coni umIten PARESETEY ATRAKIALRRd he AASEnPLaRRL YIS GCTPETREVER ol 18 5%
by wei gl Hasédudd by bflay déAffounY efgsetlpnbalrvalIBAfE, drutalthel lae eart h
netal . 8. vAgaropesssase GAaitiedconpamydftcclbai sepdr 4ted/ mewher ehat at 0
di luent i 2addidsd eBahhy rbBuBé Bha)lad RotApr DEASTHAS cbefgred in claim
8, wherei %Jl%r%h yens: lt§a§ei ?&bed:nkéo}gwgémrsy at SEEONGALY J¥f chertiary
amnes, a umn sgogid aao%%n(%aaegusm )geurvﬁ% He'Eﬁé) range from 0.1 to 100,
25 especially from 5 to 40, mbar. The residence times of the bottom
product in the distillation of step b) should preferably be
within the range from 1 to 60, especially 5 to 15, minutes.

The bottom product obtained from the distillation of step b) can
be worked up in two alternative ways, step sequence cl) and dil)
) or step c2).

30

According to step c2 (Figure 1), the bottom product is fed into a
column K 2, where 6-aminocapronitrile is removed overhead,
adiponitrile is removed in a sidestream takeoff and high boilers
(HS) are removed via the bottom product.

35

The base of column temperature in step c2) of the present
40 invention is below 185°C, preferably below 180°C, but the low
vapor pressure of the compounds to be separated means that the
base of column temperature should not be less than 100°C,
preferably not less than 130°C. The pressures at the base of the
column should advantageously be within the range from 0.1 to 100,
45 especially from 5 to 40, mbar. The residence times of the bottom



.- 17 JAN 2003 ~. 5 10. A process as clainmed in claim8 or 9, wherein {hgay7003

diluent is renoved between steps a) and b). 11. A process as clained In any
of clains 1 to 10, wherein basic substances axe additionally added in step
a). 7.2. A process as clainmed in claijpll, wherein the basic substances

d a~ h d bonat Kk d f. 10 | J
Al 7cal | ne BRI tara bEop T R adn BEray 24 SRt dEedeRERLY ed 0 any
of clains v ﬁlblmzhe\/vﬁépee nE % gotiPt 69+ eeqrseCrleé]w %dtq Mo FEBPtes- after
steps dl) or c2). 15 14. A process as claimed in any of clains 1 to 12,
‘g‘l‘)erg'r ”CadirPO '”'s'gguggc g%‘i‘ Pf'g‘gf Agf}xa”ﬁéhéf'@t”o‘?nd'p%‘d{:‘%taiée{ dSteF’S
A | Af 3y -Wtﬁ? 2 ump ;g\ ey A@JW a;c e-lﬁ-amlnocapronltrlle is
| wr ngb] X] odilsd]ldatlivel v aleaived] oubrhéad] (Gakevafbt h) c djleaboston] peddudtcdpcal ca
] ca] ca] ca] ] calteakcadblant & chaUpréte HHRBponitrile is removed
hki | Bdj VV}”Qﬁ%’%&J:’LQ%%l%E‘ dovidreahc ad c&a) Qﬁ])gahﬁélﬂxf?l %:]ﬂ%]r%al ﬁé} caleal calcal

a]! ;2;&”#061 cfa c7a caU%‘ -c %lt %L\CS &?‘J& ca] c<a] caJ ca] ca] ca!

, =, 0, , }XrmhcMYTi d_Z] ca] ca] c(a]c(a] ca]cal ca]caU ca] ca] cal] ca]ca]caUca]ca]c
aU] ca] ca] calleC phreabl ead caloaahenat] cale dldseabgatdnalL demperature in step
/}@ﬂ% Fo81d BN 186° c, preferabl below 180°C, but the

; D< >>2] 2 X nh d WUc C C c caU] ca] ca
] Ca] caul C% + Xs0h mgég ﬁ ifs;%]d Eagr? ]hE
GGGGHHI 1 aIs‘?q](’fb 8 }dx F?ﬁ cEpBath Ca)rca] caU] ca] ca]
ca]c(a]c preferably not less than 13 . The pressures at the base of th
a)] ca] ca] cadleahc abbudd Cta:]\waw]aga]ma!l}caié] vakbah ceje jaoakc dom] ¢d] aa) da])caU] ca
- SOSI SUCW@$pX¥XaZ9¥] 44 [5 ko 20, mbaanlimbbaedsysdmtd wpkesZbf [1oalbeakeal] ca)l c
ay] ca] ca] %]oe@]:@allﬁa]ﬁ@]&%k@@]&@i&a]&fa]s% cap] calRakcalead Al Bakeal cal cal ca
] ca] ca] cal] cak d i,] gg 1 jsvl%lgv gnr&gﬁf nhb] W] U ca] c
aU] ca] cz ceJI] C']e ?ca] caJca) ca]c ? % a?] ca] ca?ca ca caﬁ ca] ca] ca] ca]
ca] ca] ca] ca] ca] caU] caI opypg*a/ qqrr, s/ ssssssssjjjj vkkVnnnnoo| wmhb] W] U] ca] c
aU] ca] ca] cakcahea] 6f] ozlua] cex]\p:az]mg]r@ﬁ]iea‘ftapﬂ@a)U]otfaHheaibﬁemﬂ]tca] cal] ca] ca]
ca] ca] calligakaalen] calwacwy 1859c%" pRebbRalk)y bd1tQ%E&H(d,- bAt the low
10%0b0b&" (hpbEl3UR&skde HIREe (dompoki@éV&o(de fefa¥altt@¥R&akd -+ HIRH 1R
: 25 base of column temperature should not be less than 100°C,
preferably not less than 130°C. The pressures at the base of the
column should advantageously be within the range from 0.1 to 100,
especially from 5 to 40, mbar. The residence times of the bottom
product in the distillation of step dl) should preferably be
30 Within the range from 1 to 60, especially 5 to 15, minutes.

) To further reduce the level of by-products in the recovered
adiponitrile, the process of the present invention makes it
advantageously possible to feed an organic or inorganic acid

35 batchwise or preferably continuously into the bottom region of
the column X 2b or for the adiponitrile obtained downstream of
columns K 2 or K 2b to be purified, batchwise or preferably
continuously, with an organic or inorganic acid.

40 1he adiponitrile obtained by either alternative may

advantageously be used in the partial hydrogenation to form
6-aminocapronitrile and hexamethylenediamine, for example by
recycling into step a) of the process of the invention, or into a

process for complete hydrogenation to hexamethylenediamine.
45



& ()- ! SH10%b& ()-. ;
1 0@! 10% . & () - F! @ 10%& () - F10%& ()-}[ <09- #10%& ()- M 9- #10%& () - M ~/Midias.
()-1 &G 10%b& ()-!\"10%Wbvb& ()-, 10%& ()-)+& [ =! 0#10%& () - '
| #10% - & ()- YL0%& () - ( Y10%& ()- 10b&11 b 10bF: 10%8& ()- |

hi wU3_=! vOy! &LOUOVOME () - ! Oy! &10%6S ?) -7 0y9' 109¢X& () -1 0y9' 10%g& ()-!"y
9' 100& () -SPrASENGYY  BERANGMPGdYRe piurpREETi)e FecoverRd by rhg REATRAS

& () - { 2@ %Re( predynt 10986 i0N- hie W@ arti2dnbyArsgenation! pEodesBBRE () -
#10% & ()was FHLAHBBE {9ad 'H61Q0UYRESIéYab e advantages in the

$10%8. () 3 B¢ Loe MOEX:h08110%AE, s WABLA001 & ()1 05" 10888 ()-13
& ()-! gy ETGasERY E?P‘F?W@”fo%%&t?z‘ﬂfct&ee&é'rzl@? o‘?%ﬂi%o’%éidfff’?ﬁﬁ%ﬁg )- F(Ym
109& ()- TFRtedyibokBe@aDIRe Prof@ b @novsper(Feormrduced the level o

ZX6~_ = | SIf-QI0%E- 0} cyanddyribfiep}ene 0BL ' tHBY&eCycl &' AN r#16%

& ()TF1 #10%@a& ()-f | #######zodY: 11 0' ml0% U8 ()- 10 10

108109%&’ ()- ! WO, #10%6UBU& () - !, #109%66& ()- ! 0S! f &L0& () - #$$>%&S.

“n<dY: 1] ) IBRROR&S(F£ M 29400& () - ! #10%UE () - ZY 10%

a) Preparation of an iron hydrogenation catalyst

The partial hydrogenation of adiponitrile to 6-aminocapronitrile

15 and hexamethylenediamine was carried out using an iron catalyst
which was based on a magnetite ore and prepared according to
Example 2 a) of DE 19636767. The particle size fraction used
ranged from 3 to 5 mm.

20 b) Partial hydrogenation of adiponitrile

A tubular reactor (180 cm in length and 30 mm in internal
diameter) was packed with 720 ml (1630 g) of the catalyst
material prepared according to a) and reduced in a 500 standard

25 31/n hydrogen stream under atmospheric pressure. The temperature
was raised from 30 °C to 340 °C over 24 hours and then maintained
at 340 °C for 72 hours.

After the temperature was lowered, the reactor was fed at 250 bar
and 90 °C feed temperature with 330 g/h of ADN, 1200 g/h of
) ammonia and 140 standard 1/h of hydrogen.

30

The hydrogenation was operated for 1500 hours under the stated

35 conditions. Throughout the entire duration of the run, an ADN
conversion of 60% gave a constant total selectivity (sum total of
the selectivities of 6-aminocapronitrile and hexamethylene-
diamine) of 99%. The 6-aminocapronitrile selectivity decreased
from 50% to 48.5% in the course of the run.

40
c) Workup of hydrogenation effluent

Hydrogenation effluents were collected during the run for the

workup, which was carried cut batchwise.
45
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10 column temperature of 180°C and found to contain about 0.5% by
weight of hexamethyleneimine.

695 g of the bottom product obtained were distilled in a

continuously operated column in such a way as to remove around

305 g of 6-aminocapronitrile overhead, 380 g of adiponitrile via

) a sidestream takeoff and 10 g of adiponitrile-comprising high
boilers as bottom product. The distillation was carried out at a
top of column pressure of from 20 to 40 mbar.

15

20 The base of column temperature was varied by varying the top of
column pressure. The reflux ratio was 2 : 1. Table 1 shows the
dependence of the l-amino-2-cyanocyclopentene guantity in the
adiponitrile of the sidestream takeoff as a function of the base
of column temperature.

25
Table 1
Base of column ACCPE!L)
temperature
30
(°C) (ppm)
) 198.5 12300
184.9 11300
184.2 8900
35 182.2 3600
182.0 3200
180.9 2700
180.5 2700
180.0 2800
N ET TN 2800
1) ppm of l-amino-2-cyanocyclopentene based on adiponitrile

45 obtained in sidestream takeoff
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()-b\\ . _WXOHE élt to, ob
10988 () - S2109%88' ( #‘iﬁ/@é@?‘:@”el SR () S ¢ @f‘ é%g"(;) TPy Oy SH10%B
pB& ()-M rlslng amirfocapronitri hexamet len mine,
adlponltrlle and high boilers,
15 b) distillatively removing hexamethylenediamine from the
\ mixture comprising 6-aminocapronitrile,

hexamethylenediamine, adiponitrile and high boilers,
and either

20 cl) distillatively removing 6-aminocapronitrile, and then

dl) distillatively removing adiponitrile,

or
25
c2) simultaneously distillatively removing
6-aminocapronitrile and adiponitrile into separate
fractions,
30 characterized by base of column temperatures below 185°C in
steps dl) or c2).
)
2. A process as claimed in claim 1, wherein base of column
temperatures are below 180°C in steps dl) or c2).
35

3. A process as claimed in claim 1 or 2, wherein the catalyst in
step a) comprises iron, cobalt, nickel, ruthenium or rhodium
or mixtures thereof as catalytically active element.

40
4. A process as claimed in any of claims 1 to 3, wherein the

catalyst in step a) comprises iron, cobalt or nickel or
mixtures thereof as catalytically active element.
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@ ' 109288 ()-g \|welght bas n a, of a prom baged on a meta
15 selected from the group consisting of palladium,
platinum, iridium, osmium, copper, silver, gold,
/ . chromium, molybdenum, tungsten, manganese, rhenium, zinc,
cadmium, lead, aluminum, tin, phosphorus, arsenic,
antimony, bismuth and rare earth metals, and also

20
iii) from 0 to 5% by weight, preferably from 0.1 to 3% by
weight, based on i), of a compound based on an alkali
metal or an alkaline earth metal.
25 9. a process as claimed in any of claims 1 to 4, wherein the
catalyst used in step a) comprises
i) a compound based on iron,
30
ii) from 0 to 5% by weight based on i) of a promoter based on
) an element or 2, 3, 4, 5 or 6 elements selected from the
group consisting of aluminum, silicon, zirconium,
manganese, vanadium and titanium, and also
35
iii)from 0 to 5% by weight based on i) of a compound based on
an alkali or alkaline earth metal.
8. A process as claimed in any of claims 1 to 7, wherein a
40 diluent is additionally used in step a).
9. A process as claimed in claim 8, wherein the diluent used is

selected from primary, secondary or tertiary amines, ammonia

45 or alcohols or mixtures thereof.
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substances used are hydroxides, carbonates or alkoxides of

10 the alkali or alkaline earth metals or mixtures thereof.

13. A process as claimed in any of claims 1 to 12, wherein
adiponitrile is recycled into step a) after steps dl) or c2).

15 14. A process as claimed in any of claims 1 to 12, wherein
adiponitrile is hydrogenated to hexamethylenediamine after
steps dl) or c2).
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