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Si mul t aneous preparation of caprol actam and hexanet hyl enedi am ne The

présents invention relates to a process for the sinultaneous 5 preparation
of caprol actam and hexanet hyl enedi am ne starting from adi ponitrile.

The present invention furthernore relates to an inproved process for the
si mul t aneousg SGHPATAelbdB ﬁepﬁsﬁ%ﬁﬂ%@r &hl:@a@’lﬂxdl%eﬁ eﬁﬁﬁﬂiﬁéﬂ ne
froma m xture containing these substances he partia ogenatlon of
adiponitrile_to 6-am nogapronitrile in the presence of anmmpni_a and
various cat aFyStRreseRthiRYENtion: Felatsft |59 AcBEPFER] TOFoFhe aifidaneRs 601
859 descri BeBreparatiopsef (tapralacyam sansh degapethrianediavinesafersing Sxomie,
UsS 2 762 8@tpatesaiiilbes t he use of Raney nickel, US 2 208 598 descri bes

t he use of nickel on alum na DE- A 848 654 descri bes fixed bed

catalysts b p eToTo Ml pk 954
416 descri b:-gﬁ&' ﬁ%ﬁ%ﬁg&ﬂ 004 gﬁigft i ca:%EEQAG%bO%?t rﬁ % ggeér.
descri bes th ur? &P Th o h @ ProtEd® qRLEF ee(f1

92/ 21650, anh%eaepﬁhaﬂrﬂl?ﬂ memfaem a mixtyge, gentaliingethess Of S‘FG%’%UI
hexanet hyl enedi am ne yi el ds of 9% are achieved in the presence of Raney
ni ckel . At aTherpertiadnhfdrafenatipnt &f adipoditsite%o 6-amitoc¢aprainierkbewn
that 6-am nogapErdigresbfcs e RAmbAREt &tk Walrlous ¢@lysitB hhe wasm or 1iquid
o ai ve cqgr Shor o obd ARPaltelsPeor gl “bd X0l sbpcieidaibeg LBETN 2
whi ch fro?ﬁglﬁ %ééﬁta Y%?? eﬁp Iﬁ??w Sp %a%’?ﬁﬁ‘?&?‘a ﬁ 'tr"fgg 2?2
converted in ?ﬁedescqlpaglghe)ﬁnggeo R?‘i‘?ifn"}@é?e? YHH 408 é P rid’pTApes| Bhe am
in yields ofugp of nigkedopn ﬂemﬂmb heBETA 848 6hé @gﬁqmbgsl fixed-Hedom 25 to
35% strengt hcatabysts basagramidoppee/cdabalit/@iacaind® 2Hot/ebbalt dpimellsqui d
phase in PELRI95 U6t A6sidelsl eﬁeoﬁs@raaebsaﬁela&g%tﬁlba g&e awde@@nge% of
zi nc conpgigng nd nercury conpounds

I s descri %gd |§?1 %%0%%% 83%1?%4[%’% &prg‘fjact am |e§d§‘ of 40 up to 83% are

achi eved here. The cyclization of 6-am nocagronl trile can al.so be
carried out FR the (Rrocgas dencrdbedsin W3 P2(31650 ¢ 1apinocgPreRtiids, ¥ietdst
aqueous sofubdb i acapneeradioanefi @0 ansk hszm%@m%mm%tymgﬁepf-] C
usi ng 9% are achieved in the presence of Raney nickel. At a conversion
25 of 80%, the yield is 62%.

It is also known that 6-aminocapronitrile can be reacted with
water in the gas or liquid phase in the presence or absence of
catalysts with liberation of ammonia to give caprolactam. For

30 example, US 2 301 964 describes a process in which from 10 to 25%
strength solutions of 6-aminocapronitrile are converted in the
liquid phase at from 250 to 290°C into caprolactam in yields of up
to 76%.

35 Furthermore, the cyclization of from 25 to 35% strength
6—aminocapronitrile solutions at 220°C in the liquid phase in
water with the addition of organic solvents in the presence of
zinc compounds, copper compounds, lead compounds and mercury
compounds is described in FR-A 2,029,540. Caprolactam yields of

40 up to 83% are achieved here.

The cyclization of 6-aminocapronitrile can also be carried out in

the gas phase (US 2 357 484): starting from 80% strength aqueous

solutions, caprolactam yields of 92% are achieved at 305°C using
45 alumina as a catalyst.
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descri bes the reaction of 6-am nocapronitrile in the gas phase in the
presence of copper/vanadi um catal ysts, Rydrogen, wat er and amoni a at

290C W th a EF9Aa yisel d95fdéesgri®eadCtRéN redetivht bﬁrs'%QnoBEpforﬂﬁcrLaelifﬂ the
describes th a§%ﬁé‘°s@sh.ﬂntﬁg pres8nddl @%ggﬁéﬁéﬁdfnpbg %%é&he

water in thee% aqldpgn?uﬁ&ala a¥l Hgpes JJ{%% 4 roce@rél% of g% Efﬁmwh ch

abovenent i onéd  docuien not “sugges
caprolactamis obtained fromadiponitrile VI a 6- am nocapronltrl le in an
overal | pr8cEasthesmoresi PerHd3h 18r b2k ddescribeapthe convprsian of obj ect of
t he present 6ramindcapronifrile dete pamodscthnridSrdtesr snnthe dniemid phase

preparati on witkcuy @¢hachadiwith of ScxawElyyl.enedi am ne starting from
adiponitrile. Furthernore, it was intended to provide a process which

ot ocese 1 rgrtif ARARERELoid efndfts UL 3EE WHGIHE o BlBEerd 15 SRROATY o1

;
of adi ponrlgrﬂ”ec t9ET8- éﬁ?%d:?pf’aﬁﬂ'?‘fq efrl%‘l Ag 1P°mé'3fd-l Pz¥¥t o caprol actam
in a further SprBieeapsERELIMer dovan, overadlppodeess asppaiateg ikethhpsogestess
were as far asepossible to be reused preferably recycled to an earlier
process stage. 25 W have found that this obj ect is achieved by a process

Starti ng ;,ggg# Pt VR prestat Qﬁ'@*‘ﬁ% A BepR et T R Rpp e e

hydr ogenat'ed anﬁ?‘% @Fepéﬁagmn 2 % @HFl ally

6- ani nocapr oRf¥ ?’@Y enediamipe, start %rfé’(?F"aﬁ'FhE°n’é’rﬁ+&ﬁraFu’éW%WirFrl it and
hexamet hyl envag intended to prayjideha PA'QGQﬁSeWbthlmﬁ Puge) is subjected to
a distil I at i 6ranindtapronigrilke amiohesametlyllenedpamineddat aacohtainnoisom

product |, tBfocess frofli theé | dedictaBnbRifhredbbt8indtindthd PRI
tenper at Urz% H{(drogsenatlt)ﬁogf 60y 4 %ngéplfe a%eaGQEﬁfﬁdga‘[i)rQBéfszf%%etlﬂgg’o bar

in the ner

ot TPt oncYRhiR 36 opfolautan 't & Ay Bridele sHAES mtiover, . 1
boi | s at froHYB’EP‘i‘tFt?SBP‘éH‘}‘@ an IBlﬁaRmcﬁﬁ& WRES AfnfAraas possihie tgcbe
conpl etely sgﬁg;ggiﬂprgferabﬁgjrecycled to an earlier process stage.

25 We have found that this object is achieved by a process for the
simultaneous preparation of caprolactam and hexamethylenediamine
starting from adiponitrile, wherein

(a) adiponitrile is partially hydrogenated to give a mixture
30 containing essentially 6-aminocapronitrile,
hexamethylenediamine, ammonia, adiponitrile and
hexamethyleneimine, and

(b) the mixture obtained in (a) is subjected to a distillation to

35 give ammonia as the top product and a bottom product I, the
distillation being carried out at a bottom temperature of
from 60 to 250°C and a pressure of from 5 to 30 bar in the
presence of a compound A which is inert under the
distillation conditions, or a mixture of inert compounds A,

40 which boils at from 60 to 250°C at 18 bar, and the ammonia
not being completely separated off, and

(c) the bottom product I, containing essentially
6—aminocapronitrile, hexamethylenediamine, adiponitrile,
45 hexamethyleneimine, inert compound or compounds A and
ammonia, the ammonia content being lower than that of the
mixture used in stage (b), is subjected to a second
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6-am nocapronitrile, hexanethyl enedi am ne, adiponitrile, 45

hexanmethyl enei m ne, inert conpound or conpounds A and anmoni a, the
ammoni a content being | ower than that of3 the m xture used in stage
(b), is subjectedispiflatdionndo give aBaAPkté¥d ichaaeeihésthalnpound A 3RO21

O Z. 0050/46488 ammonia as the top product and a bottdm productdb:it'{:ﬂéitl on to
br oduct and o boltBh b BRIRY =Red bt g g P?g?@@nta%@?ﬁg e ou
at a bottom t enp&F IR uf W ge 250°¢C a'\dr BnPIRPULS ?§0FE‘P‘P &oahd Bagy gddhr e of

from2 to B5 bar theip¥pEiso thahethe pressurestof waepfmm of the second
and of the secondolumn arec matiched e timboé canatilielr snethaint lakr asbotti , at a

bott om t egpRp&EatireObENAGL MUTe than iﬁﬂccmnewmaeasea ﬁbﬂ op
tenperature of mppg ;m&owrm{; I+ha@Pbatd &% of al‘h n the COndenser
t hereof, 10 c ng%*? SON %?gaP on at the top o secona co um1 S
carried i ower enpératures the top product, which consists

of re or relatively highly concentrated ammoni a, being
recycl ed to the theseondangstionratihe top of (khe 6pcpn@onﬂitumf igheamriednd
columm is recycl edtt at t Tovefri temperatures¢othentoy produde, avidhnseisidtar odf

in vapor for m af ﬁi‘etdﬁe relatlveDfQnglﬂ aaﬁcmteacma&ﬁ(i ,DpeliBgns of a
conpressor, & g\ P{{%J%lunn t ai ni ng essenti al | y

6- am noca nltrlle xarret er I am ne ponltrlle

hexanet hyl*€nei m ne and i nert conpound or corrpounds A iIs subj ect ed
to a distillatioffPnt %Ptf?ﬁqdﬁc&'oggrﬁ*‘ec Segrie ¢Humn is regygled tgnihe oSt
conpounds A as tkelumn o dgutheagrndensert btherspf in papeprciorm pftehecthe
distill ation bei pgessure drasobkent imcreaisednby means bEnpecanptegsotr, from 50 to

250[err] C and a pressure of from0.05 to 2 bar with the proviso
that the i (E)CQﬁBOHS‘EIt?omA‘ r duc t%ggglﬁu % PT‘ uct are fed to
the second colu umy, t Le ] t { st| at '%&‘, tn? carried
out in the 30 'B‘F‘ég%?ﬁpéb@f" Hhe®« r’r‘@f" ]8% Hert under
t he di sti IhFéﬁi“%?PmﬂP‘FBﬂsa%d-nSSFl C%HPWTPEOC‘?‘EP%GS[& r’f% at

0.3 bar, (e) subdettrd do pr diseillationcimtaithiing colwmn ital kjvesthe

6- am nocapr oni t r iinert hesmporindy be neshipounds, Aaak e topl product and a bottom

hexamet hylgnei m peoanse 1i1,denkr 88stilNAkl ofi BPMHY ¢aRFied out at a bottom
temperature of from 50 to 250°C and a pressure of from 0.05
to 2 bar, with the proviso that the inert compounds A
obtained as the top product are fed to the second column,
and, if desired, the distillation being carried out in the

30 presence of one or more compounds B which are inert under the
distillation conditions and boil at from 20 to 250°C at
0.3 bar,

(e) the bottom product III, containing essentially

35 6-aminocapronitrile, hexamethylenediamine, adiponitrile,
hexamethyleneimine and, if desired, inert compound or
compounds B, is subjected to distillation in a fourth column
to give a top product KP1l, containing essentially
hexamethyleneimine, if desired inert compound or compounds B,

40 and a side stream SAl, containing 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 IV, and, if desired, the column
is equipped with a dividing wall in the region between feed

45 and side take—-off point (Petyuk [sic] column), so that the
hexamethylenediamine obtained is essentially free of



conpounds B, BASFspktiengasedlachaft| ati MB992k fourt P-Bol 0RB0/46488 to give
a top product KPl1l, containing essentially hexanmet hyl enei m ne, if
desired: i nert conpound or compounds B, 40 and a side stream SA1l,

cont ai ni ng essentially hexanet hykenedi am ne, the bottom tenperature

of the colum  hexamdtiyl@nbiRihe @nidOs 3519@6&’:% uhe &F &owipo to
1.5 bar, azxﬁ:x; cprat }Sgﬁ%pé)ttgm Broduc \3 and, if dgg{ifgjné}tdggf

col um is equi pped wth a dividing wall in t he regi on between feed
45 and side take-off 0| nt (Pet [sic] colum), so that the
hexanet hyl enedi ahPRLTIE: nEﬁllgeJéJéﬁfllgﬂ ef Féér‘éf“l“mn BReFLE
Akt i engeseI5I scha¥equired, gppposome of top) zco@ggoﬁﬂlsdg&ng fed to the third
4 hexanet bglwme iandn éhe ncknaiader cbejmy rémoved prgrainds B and of
ot her | ow boilers, top product KP1l being fed to the third col um

or, if 5 quhé%r_tg&bérg&;@t% thnPa[ﬁﬁ‘ﬁ%t ?g"i‘ﬁd fed to the thi rd
BR

coI unm and the rennl nde rem)v roduct
cont ai ni ng _essen |%‘P’r ;)capronJ. aﬁ cﬁ %Jttfr"f" S H\Yﬁf% and

possi bl y HPgh 1ob°lle’¥§m & §ub3%°t95’bfcec% e@#%tel&aatemm & ﬁéﬁth el ta
colum to giye S-aminpaaprgnidaiidei having/ ianguaityiaf ptoleast |358sas95%
as t he t opherioshiprodnct sarsi @e sille esinpeameonsisgims ee8éntldMyobs

adi ponitrile anda@i ??&Ht&rmeraﬁalfé bétebinChrsitiet 9t $hfdn fadmlsts of High! ers
and smal | anmount laR@"n l%léii Smodids %ﬁ adlgonlti:%l%e $nged. the colum is

equi pped \yith a divi |n ween feed and side
take-of f pPoOint, so that the adijponitrile obtained contains

rel atively smal | tArnRfHiredef the columy df erinped wibh a dividing walk iip| ati on
bei ng carried outhetregios: betveenmfeedt and side take—off @uis®,t so 23BtetheC
and a pressure oadipamitidleooBtdinddatontainfineglabivélEnadtapheunts olfe t hus
obtai ned is thenngyklncaadrkp 25 give caprol actam We have also found a
process f@p the sinultaneous separation of 6- am nocapronl trile and

h t hyl di f t a bst
par t al Kyﬁr”ﬁg'eﬁghg S rﬁ“lﬁ&tﬁ’gﬁ.%%ertgeceﬁﬁmoée%%?ﬁ o S%agtgﬂﬁ%iawet e

known processes, ande aoPregrire ghotERR kG &Red0PrmRargses
described in US 4 601 859 us 2 762 835,
and the 6-aminocapronitrile thus obtained is then cyclized to

25 give caprolactam.

We have also found a process for the simultaneous separation of
6-aminocapronitrile and hexamethylenediamine from a mixture
.. containing these substances.

30
The partial hydrogenation of adiponitrile can be carried out by
one of the known processes, for example by one of the
abovementioned processes described in US 4 601 859, US 2 762 835,
UsS 2 208 598, DE-A 848 654, DE-A 954 416, DE-A 4 235 466 or

35 WO 92/21650, by effecting the hydrogenation in general in the
presence of nickel-, cobalt-, iron- or rhodium—-containing
catalysts. The catalysts may be used in the form of supported
catalysts or unsupported catalysts. Examples of suitable catalyst
carriers are alumina, silica, titanium dioxide, magnesium oxide,

40 active carbons and spinels. Examples of suitable unsupported
catalysts are Raney nickel and Raney cobalt.

The catalyst space velocity is usually chosen in the range from
0.05 to 10, preferably from 0.1 to 5, kg of adiponitrile per 1 of
45 catalyst per hour.
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by effecting the hydrogenation in general in the presence of nickel -
cobalt-; iron- or rhodi um containing catal ysts. The catal ysts nay be used
i-n the form of supported catal ysts or sunsupported catal ysts. Exanples of

sui t abl e cat @ydsbgendtilonl €6Scar¥icd Bt Ndas d |r'u§.é at tﬁ"ﬁnﬂ@bdtgxl’(ﬂﬁ’c,
magnesi um oxigdese ADRF terka §6”1§33ri%038d § "a?t?&l %%S%Q'Eg?a?fl ot
SB, S

d tal yst
unsupported ¢ 6gt gl Y ¥ 20, e%ese#/a,b ¥t %Jé op 4, 05 to 10, preferably

space veIOC|ty I's’ Usual Iy 'c
from0.1 to 5, kg of adiponitrile per 1 of 45 catalyst per hour. BASF
Akt i engesel$ @élﬁagydrogenatggegm preferably Z:amyde0d/ detgih the presence of a

5 Hydr ogesaivent; sirc partbculay ammenial e ambuht oof Ztwmonid 004 ethosen
preferably frhamgéRetsl in0€he adhcd £RBAll QUL A0! | Ble f@BIY eSoRf0.5 thr &M
0.1 to 20, prgf SEaMorflaOBbﬁ ﬁ%t& ]agmgyfftnl o The hydrogenation is

preferably carried out In resenc solvent, in particular
anmoni a. Tl’bprTgoun of ar]m)nl a i s chosen general in_the range from

0.1 to 10 natdm of 55136“1§°°a9r‘R’§:’-"6f11&rrﬁBan%?‘% ¥4epediamine

adi ponitril eandlbem thel melantiratiocf of- capreiagtannte rh¢xameghylenediamine
hexamet hyl enednabé neontrodiedd Hey crthet adipohitrilet coneérsiam chesénnird @ach

hﬁx amet hyl en@%sam K@J.ponﬁ:gﬂl@%mrrsgbhﬁ%f)}fﬂoﬁe 16%}@%# r L-sf&ﬁnoaey $ren
chosen in ea e n 0

pr ef er abl ylg Eom ? gf%s aré?ngﬂlt eﬁggaalﬁds _19! Ef-&ér d{O n Jfg% obtain

hi gh 15 6-"ani noca%?o?ﬁrtoﬁl %Isee CriviEY As a rule, the sum of

6- am nocapronitrile and hexanet hyl enediam ne is from95 to 99% dependi ng

on the catal ¥t 2 rairy rthgcsuwdrof dmdimihoeaprdndtaidehgndnei ni ne bei ng the
nost 20 i npohexahetlyyiendddtamime tisr fromf 95 URNIY98Y . dependimgaopr Eherdatdlyst
enbodi ment, taha reaetidH coiidfeidssd hestamahﬂ&emlﬂé Seiee taé megPni a and

I|th|umhyﬂ{ orms |ithium hydroxide
under the req'ﬁk)lggﬁ%%nalrp&%o%@ﬁpr%gﬂgr lg O[err]C preferably from
50 to 100[err]C particul arl preferablyfromGOto 90[err] C, the

pressure is achreiprFefepabodiment,  khe (E8anRsionoke caxried opk et y from
3 to 10, parpreaenee of ampenizransd \Lithinm hydrogidefer allldthéundeompoundnes
are essenti alwhjch feoimpendehiuvmhydroxddei uedbryithedreadiciaaekontividons,and t he
desired 35 Grof 80 Ot 12908 | prefleR@pIPSELING® EbNPo0dT,CRAsElcdRAIRat a
preferably from 60 to 90°C; the pressure is chosen in general in
the range from 2 to 12, preferably from 3 to 10, particularly
preferably from 4 to 8, MPa. The residence times are essentially
dependent on the desired yield, the selectivity and the desired
30 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.

The pressure and temperature ranges are preferably chosen so that
35 the reaction can be carried out in the liquid phase.

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

40 0.4:1.

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

45
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preferably from70 to 200, minutes. The pressure and tenperature ranges
are preferably chosen so that 35 the reaction can be carried out in the
I:‘i qui d phase. Ammonia is used in genéral in an anount such that the
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in general s e

obt ai ned. L t g}éln cact ri:‘I;Q #Qﬂg T e?‘n iﬁelx ﬁ Sdl um
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type, in par CREEIeNS Rﬁ'ﬁé? mm&q ugad bemsy dovapxamples aduminay) \sifldcpay

al so be usedzinctdwidegr ATbive gaxbonednd at ilandim, dioxialer i(efs Appl.h Hery be

;Jsted bei ng, tag.eic’?ﬁm)eéplibumnacﬁgy@ﬁs 4 (4!99@)9X1 R ARhhe¢ Hidikaen and

i tani um di oxiegdg |

(1981), 1- 02 E?%eé/pr]ﬁ cEeom@sfForGex%?r%‘{ésgafBrom ép%f:e])é %us@%&é Grace)

Is parti c Fy preferred The nickel -, ruthenium, rhodium, iron-

and cobal t-catal ysts may be nodified with netals of groups VIB (Cr Mo,

W and VI || Fhe nickel-,Csutimnium,yrhediye- cdsonefand ma}t—mumstsmaypt)

of the 20 Pebeowodifhzid withmstalat bfngréupsiatie have Mdow) ahdtviime (pe¢ of

l n ﬁarL i cul aru, noglj fc&qompgyn mwehﬁéaéﬁlﬁi&al)tortmewmba PtyF khed

Wi chro r es
rﬂoummiﬂr T2b38 ﬁ@éi%att%g 9@@ lafll 8206 Sldvin thaéegrgectdfé 4E§

(for prepar at | on

b08) . Poe . CYRoBaREiSRLE Mﬁﬁﬁ 4 & §g¥h% thel; sebihusa, 385, pxomie. roun

of cobal tm°9hf+%"mw FRERR ’d‘%‘\ anffar o} Tofc LERAS StQ hdghert gmippnitrile

preferably fsekestivities (Foy nrepgretiones «f -0REt-Ae2 4ffuJ780hnd Bull. Soc.
Chem. 13 (1946), 208).

25
The amount of catalyst is chosen in general so that the amount of
cobalt, ruthenium, rhodium, iron or nickel is from 1 to 50,
preferably from 5 to 20, % by weight, based on the amount of
dinitrile used.

30
The catalysts may be used as fixed-bed catalysts by the liquid
phase or trickle-bed procedure or as suspended catalysts.

t!‘

In a further preferred embodiment, adiponitrile is partially

35 hydrogenated to 6-aminocapronitrile at elevated temperatures and
high pressure in the presence of a solvent and of a catalyst by
using a catalyst which

(a) contains a compound based on a metal selected from the group
40 consisting of nickel, cobalt, iron, ruthenium and rhodium and

(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,

45 copper, silver, gold, chromium, molybdenum, tungsten,
manganese, rhenium, zinc, cadmium, lead, aluminum, tin,
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the liquid phase or trickle-bed procedure or as suspended catal ysts.
In’a further preferred enbodi nent, adiponitrile is partially 35
hydrogenated to 6-ami nocapronitrile at @l evated tenperatures and hi gh

pressure in the phesphumsof ansemic/crntimony, Hsmathl y1sd dage eatth ngetals,
catal yst which and(a) contains a conpound based on a netal selected from
t he group 40 consi sting.of nickel, cobalt, iron, ruthenium and rhodi um

and (b) fr A t,o 25, preferably from0.1 to 5,, %b I ght ased
on (a), of a‘ﬁ?gkrrg?lg:o bté’séd Bﬁege’-}ﬂ&i% ¥§%Ted(ptle&°f%bm§t% deﬁ@'qﬁ%ﬁjﬁ”
consi stingdf palfidi?m2 SPEPPRRMPasLAPRNEN Adedd, meepl or agnalkaling yer
gol d, chromi um e8rtybdat@d, t ungsten, manganese, rhenium zinc,
cadm um |ead, alum num tin, BASF Akti engesel | schaft 950921
O Z. 0050/ 4:5_4738h themprovigo that, if a czmpor%d tased fon only r@ﬂfé?ﬁ(:lﬁ;ibz: o
arseni ¢, ant L-HBRY, 2 Pt He Adn ra%r Erfi8d g'éke and rh88 is sbhOMm
to 5, prefera om0, 0 odb .%, asedlo d5 g&‘:’:1) . of a
conpound bl?;ga %{?lm%'ar"n‘eé’l%kif‘}’ rfé?ealpr ﬁogﬁr AWarrRe 1E JIe“”lrggl’t © fiepensed
with the proVF-EB'that, I f a conpound based on only ruthenium or r hodi um
or rutheniumand rhodi umor nickel and rhodiumis chosen 10 as conponent
(a), the prompeferxidy) cazalysts das thdse hin dihdiphnskel compiohknt (a)Prooheatirs
catal ys;I s ar att hess: 'dhe\/\’lebﬁboﬁﬁht? Da8BROSE Y niedh1Co8iddtey f_raftn_tws;troqse |
compound s 8ln@hlees P2 n3cker! %b%i?%ﬁ&%&h?“@g}(}l%%%\%léihﬁ aﬁgfd;%n%gaéks ,
[ |

bal , .
and or 1 hoi At BY AIESHBLARI GFOThesRn 2p/ch 5hediig oy ot ioBach

case on the Suh B9 YoMyoHeheht, basgd ip gagh casg et eNMm PH)CMAAENES at
‘| east one prdmdtt® &Ased on a netal sel ected fromthe group consisting
of silver, copper, nanganese, rhenium | ead and phosphorus, in an anount

of from 0.2b empdhdt (b)BbAPiindatcdeldt (dhe pRBfloter based on a metal
selected from the group consisting of silver, copper, manganese,
rhenium, lead and phosphorus, in an amount of from 0.1 to 5% by
weight, based on (a), and

25 component (c) contains 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 of from 0.1 to 5% by weight.

30 Particularly preferred catalysts are:

catalyst A, containing 90% by weight of cobalt oxide (Co0), 5% by
weight of manganese oxide (Mn,O3), 3% by weight of phosphorus
pentoxide and 2% by weight of sodium oxide (Naj0),
35
catalyst B, containing 20% by weight of cobalt oxide (Co0), 5% by
weight of manganese oxide (Mn;03), 0.3% by weight of silver oxide
(Ag20), 70% by weight of silica (SiO;), 3.5% by weight of alumina
(Al203), 0.4% by weight of iron oxide (Fe;03), 0.4% by weight of
40 magnesium oxide (MgO) and 0.4% by weight of calcium oxide (Ca0O),
and

catalyst C, containing 20% by weight of nickel oxide (NiO),
67.42% by weight of silica (Si0;), 3.7% by weight of alumina

45 (Al;03), 0.8% by weight of iron oxide (Fe;03), 0.76% by weight of
magnesium oxide (Mg0O), 1.92% by weight of calcium oxide (CaO),
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metals and al kaline earth netals, selected fromthe group consi sting of
| i tshi um sodium potassium cesium mgnesi um and calcium in an anount
of fromO0.1 to 5% by weight. 30 Particelarly preferred catal ysts are:

catal yst A somtawlw& ae‘)/ebysdmmhbxﬂaecamb; axd 32 08BPweftbys  Wei ght

of manganese pB¥h S&é] r] 3% by wei ght of phosphorus pent oxi de
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by wei ght of obalt oXi de“éOoO) 5% bg ght of manganese oxi de
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( 'Vgto) and Ozé%lﬁilndﬁﬁhbtéé Cﬂrﬁhﬁﬁhﬁxéﬂﬁé C%@}:anlum Qﬂ.@xld% , Cﬁx@ohihm}?
cont ai nin [ [ o] 0 o]
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i ron oxide (ﬁgf] ]‘ﬁ S vvel ght of nmagnesi um oxi de (MJO),
1.92% by vl ght of cal ci um oxi de (CaO) BASF Akti engesel |l schaft
950921 The) prepryst/ionqds carried out as a rule by a procedure i; wh3chos by

wei ght of sogrecunsemrte ofNaBé)canpbn2ntso () \axregptrecipitaretiassgethexxwdeh
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epf
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prepar ati on iegtrudates] oyupedlets andeibydrigs @pddbhen iqalgined. Sypnsstedors
of the conporathlyéty axecgpneraXiy aflled dbgeinablevby himpregaatisgriheof the
pronot er s (CQ:'SBQB%tvﬁt(hbh 86%utidn dﬁsua@de jonBnts p(@p,ur(sqran@I ifhe trace

component $aq bsiBes! (Y *IEM6EL MY (RAIFHEE kP ol £50 Lty hey | ,qunents

(dependlng on ed e res

catal yst preldPubFanee 30855 hie 5?9% ’ °&P¥uﬁ§f%§”§r &1 FRPROnEGR & i s
dried and thd@)eal®) i, Sfpfetinad, (CLonls dhe GRECRINONaP| Jethas known

obt ai nabl e byernpeegnati ng t he carrier with a solution of the conmponents
(a), (b) and, if 20 desired, (c), it being possible to add the individual

conponent 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
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and, if desired, (c) onto the carrier by a method known per se. 25
Suiit abl e precursors of the conponents (a) are as a rule readily

wat er - sol ubl e salts of the abovenention® netals, such as nitrates,

chlori des, achbat£calyst gsaé@@rs'ﬂd thuk f Sb€finedr QéeﬁﬂHMy driled) %&@rali?

- Suitable pregyrspsis ¢ thNes6Q1P Eéfaé& @ MYloecreadily
wat er -sol ubl e salts or conple ts 0 he abovement i oned nmetal s, such

as nitrates, ;hl orj des, acet at es, formates and sulfates and in

particul ar & cRRfAtiop s é‘s“&léi’eF%’E)‘HPd oug; af ofram 434 to 500°C,

hexachl or oﬁl EFPﬁ&‘E‘%blegrom 200 tteh 480 eciay @0g8S o$tueam compoiing afr)omre as
a rul e readi Inftrogewat er - sol ubl e salts of the abovenentioned alkali netals

and al kaline earth netals, such as hydr oxi des, carbonates, nitrates,
chlori des, aﬁ%&é&ééaléﬁ webeS AR cakthi &%; é@édig h&ieaidy and
car bonat es. ecipLtation, s 8 ner gcte rom eo?.l?s
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as strea (o]

gat al yst n%#@%p é%ﬁ%&lsné’as?g @Faf’?y&e %&geﬁe} atzfdr gﬁﬁ’ﬂl &MBpher e
(acti vati on) Copsistelngenickaly Sobadtnand (inog, ap eomponegtofahofihe to a
hydr ogen at noephAtyst dioading kpwe risx puefexakiyai2@0ny perdlogéncatalymt.i nert
gas, such as nitrogen, at from80 to 250[err]C, preferably from380 to
180[err] C, i Mraﬁtagediﬁ%,oéh&aécaﬂwatioba&@%@ncaea Y@ earrivigu® as
conponent z(@?g B?Q%%aﬁﬁ %8”};%98.45%599&7@& ef %82' %5’.9 e s?p%Q)Lg ]G
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group cond
cat al yst | oa(!’iaﬁﬁlﬁﬁ’é’ﬂ ofpthe cunfiager wsualigr at Erom A0 tpsBo Cr preferably
from 25 to 35°C, by means of oxygen/nitrogen mixtures, such as

air. The activation of passivated catalysts is then preferably
25 carried out in the synthesis reactor at from 180 to 500°C,
preferably from 200 to 350°C, in a hydrogen-containing atmosphere.

The catalysts may be used as fixed-bed catalysts by the liquid
phase or trickle-bed procedure or as suspended catalysts.
30
If the reaction is carried out in a suspension, temperatures of
from 40 to 150°C, preferably from 50 to 100°C, particularly
preferably from 60 to 90°C, are usually chosen; the pressure is
chosen in general in the range from 2 to 20, preferably from 3 to
35 10, 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
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In the synthesis reactor, since this usually dispenses with an ot herw se
necessary internedi ate step, ie. the passi vation of the surface, usually
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25 too, the conversion and hence the selectivity can be controlled
by changing the residence time.

NnsSi O

The partial hydrogenation can be carried out in a conventional
reactor suitable for this purpose (Rl in the drawing).
30
The distillation in the first column (stage (b); K1 in the
drawing) is carried out according to the invention by a method in
which the mixture from stage (a), containing essentially
6-aminocapronitrile, hexamethylenediamine, ammonia, adiponitrile
35 and hexamethyleneimine, preferably a mixture containing
essentially from 1 to 70, preferably from 5 to 40, % by weight of
6-aminocapronitrile,
from 1 to 70, preferably from 5 to 40, % by weight of
adiponitrile,
40 from 0.1 to 70, preferably from 1 to 40, % by weight of
hexamethylenediamine,
from 0.01 to 10, preferably from 0.05 to 5, % by weight of
hexamethyleneimine and

from 5 to 95, preferably from 20 to 85, % by weight of ammonia,
45
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from3 to 20, MPa usually being chosen. The parti al hydr ogenation is
preferably carried out in the presence of a solvent, preferably ammonia,
an amne, a diamne or a triamne of 11to 6 carbon atons, such as

trimethyl am ne, tBi ehlyiciilone, as 5. rdleO R Q—@dﬁéﬁ'ﬁlbﬁbpﬁﬂgtﬁﬂaelo@r an
al cohol , pref era@bxu&Q 4t %B@{: ﬁ%ﬂéﬁ'g@hre%tf'rﬁiﬁl l'é’o 5?f°§rabl

ammonia. In a i_a_cont ent t
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adi poni tri 1% per compeunds iAs whieh e#l%ﬁJllyleGho%@dﬁr I*{élleed,ﬁstxli@tlpnecemson
and hence t he seledtbeil \atc £molne6@ cid R2abfe@cat 1l8bpachargigiyet hmmowid dance
time. The pakheatopifodietoinhdm Gt Froduced 1QULhé antoh@BVESE IK¥IRg

reactor suitablechphdid, RELRPS n the draw ng). 30 The
distillation in fheﬁflrsltsycoP %és&]afgfle (b); KL in the draw ng) S

carried oyt accorg‘mg to the,invention by a _nmethod in which the m xture
from stagetq it thecinvantiony su’-*—%’%ﬁﬂ@%‘b‘i‘qﬁnﬁ AfpeSubstances

hexamet hyl en® ighi are Mnuademmhmdustilbﬁ@naqqnm Bpd chrsiariane,
preferably aboilingepcciontt afnfrom 60 e8s2ho il pbyeferablly tfromO60 pref18080) Yat
from5 to 40,18%.)5.‘1!’. vmtaﬁiwegf are &ﬁ&bagceﬁmmahés, aron{arteasl to 70,

preferably f éhét‘ﬂe ’alf%mf /g\e ther nlﬁrllesaghgoﬁﬁf s ﬁay.u?% 4! M 0.1 to

70, prefer rom I'am ne,

ot 605 ) sbvbmbicichibg f?m#:@s% B partiguler, Gy digralkaiies
hexanet hyl en Sertr @ lkanols, fﬁ‘%’ﬁ“%ﬂ% PWGF@P%X)IVH%"GF}PQO q¥slohexaney

wei ght of amtrapbhylsnine, egh@polik@cehgriertileghafhexane, di509pdopyl O Z.
0050/ 46488 ether, isopropanol, n-butylamine andlbenzene, veryCpartirhlanilyas a
rule in a coprembt thahbl | ation colum at a bottomtenperature
of from 6(&60 250[err C, preferably from 100 to 200C, and a pressure

f f 5t fe b| f 12 t 25. b th f
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conditions Pre er%l‘?l’d’ Heem 3t te 1 ifin Soby owebaitt.gbaged (ep theobghtem pEegHFE as
the top proddst and a bottom product |, the anmoni a not being
conpletely separated off. 10 According to the invention, suitable

conpounds 25 amestgSt @IGEEhe MbEdh Predbeert, Cofehihiiey @s%bhuan;pn
condi tions a%aaﬂﬁﬂgbébronltrlle, hexamethylenediamine, adiponitrile,
hexamethyleneimine, inert compound or compounds A and ammonia,
the ammonia content being lower than that of the mixture obtained
from stage (a) and used in stage (b), is subjected to a second
30 distillation to give a mixture of the inert compound or compounds
A and ammonia as the top product and a 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
35 of the first and of the second column (K2 in the drawing) are
matched with one another so that a top temperature of more than
20°C is obtained at a respective bottom temperature of not more
than 250°C. It may also be advantageous to carry out the
condensation at the top of the second column at lower
40 temperatures, the top product, which consists of pure or
relatively highly concentrated ammonia, being recycled to the
first column, or

to recycle the top product of the second column in vapor form,
45 after increasing the pressure by means of a compressor, to the
first column or to its condenser.
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bar. Exanpl es are al kanes, cycl oal kanes, aromati cs, napht henes, al cohol s,
ethers,snitriles and am nes having the 15 abovenenti oned properties, in
particul ar C5-C8-al kanes and C2-CA-ad&anol s, particularly preferably
n-pent ane, cyal steyeand), thé rbctithyl pﬁa'aawst gtthasehtaiifitigoBssént £a11y- hexane,
di - n- prf)py: G—aﬁiﬁ%{a rbﬁﬁf;@!@n%xaﬁ r@a‘laﬁlﬁé]d ateﬁ%ﬁmerﬁ/@rydd .
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6- am nocapr ofll %hy%él?é%?% 85I§ REHE - Bgﬂf"ﬂ’ %, P y
hexanet hyl enBFﬁf?Péa%Ythﬁé’F‘?t ORRSdRAIN®r conpounds A, is subj ected to a
distillation in a third colum (K3 in the drawing) 5 to give the inert
conpound or GanpopreEferiedsentmdimentpr bekatetdiydeneimin®otamdfopr oduct 111, the
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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
30 the bottom product II.

In stage (e), the bottom product III, containing essentially
6—aminocapronitrile, hexamethylenediamine, adiponitrile,
hexamethyleneimine and, if desired, inert compound or compounds

35 B, is subjected to a distillation in a fourth column (X4 in the
drawing) to give a top product KPl, containing essentially
hexamethyleneimine, if desired inert compound or compounds B and
a side stream SAl, containing essentially hexamethylenediamine,
the bottom temperature of the column being from 50 to 250°C and

40 the pressure from 0.05 to 1.5 bar, and to give a bottom product
Iv.

If desired, the column is equipped with a dividing wall in the
region between feed and side take-off point (Petlyuk column) so
45 that the hexamethylenediamine obtained is essentially free of
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product is or are fed to the second columm, and, if desired, the
distillation is carried out in the presence of one or nore conpounds B
which are inert under the distillation 13 conditions and boil at from20 to

250C, pref er dexpméthyliein@ne and Gherd! combuiRN ol 8smptundef BOard ¥ othér
Exanpl es of qegppyffisrd are al kanes, cycloal kanes, aromatics, napht henes,
al cohol's, ethers, nitriles and anines havi ng the abovenenti oned

properties, in part+cu| ar _di - Utﬁ %ther val eronitrile, n:-octane, ,

cycl ooct ane, SRPhBROTUFH AE1 Ebd{“fé?( PR ehenistde AR e rmy SAdt h?*"@hﬁdarﬁﬁe
preferably 5 reﬁ&*ﬁﬁ%’c A &hei third awém olex difetrgnired) omliea PRA¥Y i cul arly
preferably héhersofiybesing fedeto the ithiadpealivmmn eddetidiemannder being
hexanet hyl enaiefiot@dand/ or 25 hexanet hyl enedi ani ne are chosen as conpound B
or, parti'cul arly preferably, no further conpound B is added.

0,01 1o 50, &np%ggﬁéagW @ﬂgeg%tv Fo ﬁ%”ﬂf K%oh?af‘%m e A
product | 110 o-ang zjle, afd) ppssibiy; Bighhpilers,
essentially is euamm;ipomﬁsmellaﬁéganm ra,/lféﬁ«thug%m (B8i portthei| e,
hexanet hyl endiraiwapg hrnh divedésamigwcapmonitxidephawingra gurpeynds 85 lBasts

subj ect ed to 953di ptetdritlgnfiom D9 @ Bh. 9] WE thkdtop ;sﬂafauct gha@vd dlet 0
give a top preagddai &Eﬂslsctqnaaéﬂé}&ﬁ&wn&f aéci;)bomﬁﬁ@fm{dhx BoEida ne, if
desired i r‘f‘é#r%&ﬁ?? U@qvhq cagpounds g ﬁeg%oqqlgﬁigegﬁétr e%%ﬁ?%gm i ni ng

essentially am ne, ol um
bei ng from 5(?438 QSBélaﬁTd 40 the pressure from0.05 to 1.5 bar, and to give
a bottom product | f desired, the colum is equipped with a

“di vi di ng wal IIfi desimed, thegcoturire tise equippetl aridths adéitiakimgofvalpaimtthe
(Petlyuk col wiegliofiObdéwddnafebllcate)sidet Buksnsxdi Eh.ﬁe oy a;haedthé

essenti al | yp fdRBoRitrile ob@é‘:ﬁll:ed\kédn%ﬁg.ﬁ§ei'éfﬂl tly small BHfts of high© <
0050/ 46488 gnel m ne and
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third colum or, if required, only a part
Adiponitrile (ADN) from side stream 2 (SA2) is recycled to the
25 reactor Rl.

According to the invention, the 6—aminocapronitrile obtained is
converted into caprolactam. This cyclization can be carried out
by known processes in the liquid or gas phase, for example by a

30 process disclosed in US 2 301 964, US 2 357 484, EP-A 150 295 or
DE-A 43 19 134, usually by reacting the 6-aminocapronitrile with
water in the liquid phase to give caprolactam and ammonia.

In the reaction without a catalyst, a temperature of from 200 to

35 375°C and reaction times of from 10 to 90, preferably from 10 to
30, minutes are chosen. As a rule, water is used as the solvent,
the 6-aminocapronitrile content generally being chosen in the
range of less than 30, preferably from 10 to 25, % by weight,
based on the water.

40
In the reaction in the liquid phase in the presence of a
catalyst, a temperature of from 50 to 330°C, an amount of water of
from 1.3 to 50, preferably from 1.3 to 30, mol per mol of
6—-aminocapronitrile and a reaction time of from 10 minutes to

45 several hours are usually chosen. When an organic solvent is
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I n stage (f), the bottom product IV, containing essentially 10

6-anmi nocapronitrile and adiponitrile and possibly high boilers, S
subjected to a distillation in a fifth galum (K5 in the dravvi ng) to

?u ve gga{n ngﬁﬁ%@?niﬁ r%&ﬁl'&ﬁ‘lhf‘gargéj aﬂ%hb! Olf.hé‘tanbﬁﬁﬁtof wate¥ geh&fLngbl y
rom o a a _E]ﬁw%%[p: ng
essentially th%%l p(§)sn| tri ﬁ%‘?a %‘t&lt prgdgc [ cﬁgggir'lﬁést s of

hi gh boilers and snal | annunts of adlponltrlle | f desired, the colum
i s equi pped Wit TE2GFRA dHAGURR) Phhainedelin theyicyRlbartiam ipouguakly figst

t ake- of f pdt mMorked wumady wistiblakiiqyoniammenia oMagencand anyaonganidt solvehty
smal | anount dedihghseparatedobfer STf taheadatyst list needpeihieg cagalyet prdseat a

bottom termﬁrtaéus@tmm preguel i &5@&&113} s@paﬂdtea ffdﬂfntii@ ég%r%ﬁf&cmr

RL " aecor Alpsbort B CORMEH R “'[" ??3‘8?& H 2 ed o
convert ed mt%"%éﬁ BT' trfrﬂc g&t b %a‘?rrqdf?dcﬁﬁp AGHAM, d8

processes 14 ‘iqﬁ‘érﬁ?‘ﬁlu‘EP‘WPrﬁ&@ é’urﬁo?-a‘é’%@d'm?ﬁ’ Byificarignoepexatdions| osed
in US 2 301 d3wwnlBey 557 saeh, aflﬂlfstl-a@aﬂgﬁl.orand ipRtkeniavadlaBle fisgual |y

- by reacting tgodyheaizaiicmptonpdlydaprollabtam. water in the |liquid phase to

gi ve caprol actam and amoni a. In the reaction without a catalyst, a

tenperature of, ”g% etdo ﬁﬁg@:ﬁl kcaﬁﬂ‘i'ocf @ﬁ:%h&QPl rﬁsrg%ciéé”ql 3 to

90, pref erpabl &
usedpgig ?Lgésyytﬁénfn © r18use a‘?ﬁarﬁ?cg’ﬂ‘ﬁsnﬁ? i€ (?gn’?% r@?ﬁ&?ﬁ?l y bei ng

chosen in the&atal Vﬁﬁﬁe of less than 30, preferably from 10 to 25, % by
wei ght, based on the water. 40 In the reaction in the liquid phase in
the presence THe @eactimi dlsyehrried omeiat the ldiquidophddk tax 380géherdl anount

of water of frohf Qﬁb 11:6‘3 52Q°50 R frabay! :Vrén{ QBoltd 360°80, tAP! pREfsu¥el :.Qf
6- ant noCaRgEN{ Gl g 8 nl $O6L 1 4b  LB-8La PRI B M1, od5 S8 62

hours are usu

C
Akti engesel | é‘ﬁ ﬁe ens“é' ]1%" the reéf"i”‘b@%é}}'—&ﬁﬁg’gs Predomlnantly
14  used, intisndidi vnder the ﬁP%%Hb‘Pnst Reedmithe repideres tg@Rerareyin chosen
is from 1.3 tgenerad| fyu lntb 320 6-prefevebpy diricm ill €0 90, in particular
from 1 to 60, minutes. In some cases, residence times of from 1

25 to 10 minutes have proven completely sufficient.

In general, at least 0.01, preferably from 0.1 to 20, in
particular from 1 to 5, mol of water are used per mol of
6~aminocapronitrile.

30
Advantageously, the 6-aminocapronitrile is used in the form of a
1-50, in particular 5-50, particularly preferably 5-30, %
strength by weight solution in water (in which case the solvent
is simultaneously a reactant) or in water/solvent mixtures.

35 Examples of solvents are alkanols, such as methanol, ethanol,
n-propanol, isopropanol, n-butanol, isobutanol and tert-butanol,
and polyols such as diethylene glycol and tetraethylene glycol,
hydrocarbons such as petroleum ether, benzene, toluene and
xylene, lactams, such as pyrrolidone and caprolactam, and

40 alkyl-substituted lactams, such as N-methylpyrrolidone,
N-methylcaprolactam and N-ethylcaprolactam, and carboxylates,
preferably of carboxylic acids of 1 to 8 carbon atoms. Ammonia
may also be present in the reaction. Mixtures of organic solvents
may of course also be used. Mixtures of water and alkanols in a

45 water/alkanol weight ratio of 1-75/25-99, preferably 1-50/50-99,
have proven particularly advantageous in some cases.



The reacfed BASFuAktISngesedlschaft cyc|95092bn is uSs@- POS0/46488:0r ked
up by distillation, ammoni a, water and any organi c sol vent bei ng
separated off. If a catalyst is used, the catal yst present in the bottom
product is generally separated fromthel8aprolactam by one of the
convent i onal IteiBois mpiRciply Clhuit a8 pbSsibley &bl 48é e reactor (R2 in the

draw ng). The-ghuiedindk?5id s % HaBElf Aol sSATY IR & T e | actam

by purificatiggf,operations known per se, such as distil ion, and is
then avail able Tor pol ynmeri zation to pol ycaprol actam In a preferred
enbodi ment,_ 6-am nocapronitrile is reacted with 15 water in the liquid
phase with 5 Fzagplesiof besrrogenanus catelystisywhich may hecusedcatesm i s
carried out iagidhe, |bagiicdophamphateriin geidesnlof thé relenbhfst of 3R aechad,
preferably fraird6sr tfourtl] Baid Groupeopr€ss lFtebalaordHlegeBQéﬁl ad 'c@TciuhO
250, preferalkyaé! %B.élets@.uﬂﬁgxlci@r i:)Oi"Bﬁi 6:& k.i'.ﬁirﬂ. becﬁlnaﬂf.&éi Jf‘%ﬁé&gi o

reaction m Xt_‘_lﬂl’ ghésf&[n,?ggﬂggggeé q)& - § 31 ig&]l er teTeeCi.%%F;t | ﬁns use

resi dence tl nes are I n

in particdi®aPT MiFtyRRs) the ’ rﬁ“ﬁ’uf’é% eg rPfSHWé'fa(]; % the:. spgend &£q istsshof
from1 25 tostgﬁ?ﬂﬂﬁ of Nh@epﬁﬁmﬂé# Fahie etsich saf titAniwm oxide, ringener al ,
at | east 0. Oamopphdws cfivrm br oxs Ganhthee28r rutile,paitcaniluar okiden zime 5, ol
of water areoitiad, pfingdlesef oxidd oA MmiREREP Hherbbe, Bldes O€Verd ageously,

the 6-anmi nocapheRkhidds and We€thidast Ngu éﬂram Yerdum odid): thar? td,&%af

5- 50, theb

vaior (i G PERsblaB R LAl ghe banghiun S BpRY Sy i80S e
wat er/ sol venf“"ﬁ?:'if%ﬁ ddhergst Eﬁla?ﬁ)t@? gpovemeniioned, exifdes, maysalsg de yged.
met hanol , et F¥aBples of fyrshemstatalyspsopesrol , n-but anol, isobutanol and

tert-butanol, and polyols such as diethylene gl ycol and tetraet hyl ene

gl ycol , h»dhaaﬁmbmd&uchlamﬁeb&%epmﬁm%&mésermmmh%yf&e and
grLsresuLstlt %&lagrr ﬂ% QHﬁPh& siyﬂ@régf. Mixtures

N- met hyl capr 8I %E a%ﬁl-b’e‘f‘ %}l‘of’ﬁ%t%%?%ﬁda’éﬁr%%&lp&sg%ble S er abl y
of carboxyl i (,suécf,ilﬁ%s fseﬂ'ef‘b &RlivpiRes ABHGRi as Zl%§eéil§61 FiBsent

in the react isedenifias modybdenwm gimlifidee| vunasten sndfide andusudfidesp ofe
used. M xt ur edckélwaiferziandand kafh @hromium, dayaleo/be kaved. wei ght ratio of
1- 75/ 25-9%s preferably 1-50/50-99, have proven particul arly advant ageous
I N SONME CaseShe abovenentiOhbl CEMHpLanis CREY tbe doped W37 tompounds @Z main
0050/46488 groups 1 and 7 of the Periodic Table or may contain these

compounds.

30 Furthermore, zeolites, phosphates and heteropolyacids and acidic
and alkaline ion exchangers, for example Naphion®, are examples
of suitable catalysts.

If required, these catalysts may contain up to 50% by weight in
35 each case of copper, tin, zinc, manganese, iron, cobalt, nickel,
ruthenium, palladium, platinum, silver or rhodium.

Depending on the composition of the catalyst, the catalysts may
be used as unsupported catalysts or supported catalysts. For

40 example, titanium dioxide may be used as titanium dioxide
extrudates or as titanium dioxide applied in a thin layer on a
carrier. All methods described in the literature may be used for
applying titanium dioxide to a carrier such as silica, alumina or
zirconium dioxide. Thus, a thin titanium dioxide layer can be

45 applied by hydrolysis of titanium organyls, such as titanium
isopropylate or titanium butylate, or by hydrolysis of TiCly or
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as a reactant and sinultaneously as a solvent. 5 Exanples of
het’er ogeneous catal ysts which may be used are: acidic, basic or
anphoteric oxides of the elenents of thkesecond, third or fourth main

group of theobrét officrghabbetitaiimreoRCATAING comPShiils. FBAULCSHRGinGE,

boron oxi de, t§£&ﬂ1&@dlbk§d9 AsoShbig&kgq. N the formof pyrogenic
silica, silica gel, kieselgu quartz 10 or m xtures thereof, and oxides

of netals of _the second SIXth subgroups of the Periodic Table, such
as titani um S¥FHRer jgpita 2 dBoRRE FLIEONYA sFBkoride, r LRIy |  conj um
oxi de, zin® nltﬁ?@%i@ndrrﬁﬁgams@mrtee or m xtures thereof. Oxides of the

| ant hani des and acti ni des, such as cerium oxi de, thorium oxide, 15
praseodyni UMEQEL &1 R rFABDE | k8 Powders | et radatls %ﬁ%l@éhgeoﬁﬂﬂle

m xtures thegegfediddt delde t AOAYEIVRA beNGE &g{eqﬁﬁtgﬁi' Axile ¢ K580 o

Ex I fiy t al yst
oxi de, chr or® gmi?ﬁ g ew e K e g WIS

t hereof . MO thipRass t&’ranflﬁérstat ed oxides with one another are also

possi bl e. Sone sul fides, selenides and tellurides, such as zinc

telluride, tin a fisciher geefented émbodiment, deaminoggironispiie diss and

sul fides of cychifd®lin Qhez1 gha&eoéam{rw&rnau Slevatbd t&fsbratares The

aboverent i ongge foRPAIE A gg 3 %%e@.dzn%ﬂ FRTBAEGLA SRR OrOUPS 1
Shteut

B ooy - gl il g T Copaliar SH5Rs i touh, dhg sogition of o

Furt her nore, zeof’n?c?ro
al kal i ne i onC@8kah¥slydms a FS‘T“C% givpphimitare) I eonsisking| essentigily

sui t abl e cat erfys@t,er. caprplactam ra@d at hmmlahgsfsaatapncmhim rbajigdetrd.50%
by wei ght inIf5tebeiprefeered emhydiment| nan zxtessnehgatREeisi poeferadlgl t,

ni ckel r uaaepl wtmhhaﬂ* v;ﬁ%ﬂ@rﬁbwu,st}omsIlloveta P50 1 '].QxdgﬂﬁlculaxD%ESﬁdl ng
on the co nl(ﬂic rmiag 68 é@ e.rr:t ?fat%f”‘ délﬁng(gélpronl ?lféh oa%IJ.ve

unsupport e cat a StS Or ,sUppor t

= e SR

di oxi de appl PEgferred Embrdinent, FxoR 5 te A% mel of| vatan REEsuskakly Megdi n
the |iteratupernegl nf $seninocaprondippiyengpnd thei splukiion dent genenaddyi be
such as sili carthérindilated to 3+42530byUweiljieiode 6-dmiocaprohitriid ay um

di oxi de | asehaadig eh HrgaRRE| Sshdahthydrol ysis of titaniumorganyls, such as
titani um | sopropyl ate or titanium butylate, or by hydrolysis of

Tid[err] OrExam.ples of suitable solvents are:

C1-Cs-alkanols, such as methanol, ethanol, n-propanol, isopropanol

30 and butanols, glycols, such as ethylene glycol, diethylene
glycol, triethylene glycol, tetraethylene glycol, ethers, such as
methyl tert-butyl ether and diethylene glycol diethyl ether,
Ceé—Cipo-alkanes, such as n-hexane, n-heptane, n-octane, n-nonane
and n-decane, and cyclohexane, benzene, toluene, xylene, lactams,

35 such as pyrrolidone and caprolactam, and N-C;-Cs-alkyllactams,
such as N-methylpyrrolidone, N-methylcaprolactam and
N-ethylcaprolactam.

In a further embodiment, from 0 to 5, preferably from 0.1 to 2, %
40 by weight of ammonia, hydrogen or nitrogen may be added to the
reaction mixture.

The reaction is preferably carried out at from 200 to 370°C,

preferably from 220 to 350°C, particularly preferably from 240 to
45 320°C.



BASE. Akt | engBA8F Adtkdiengesellsypdgft) 9509217 (005 A48950/46488

16 ot her inorganic titaniumcontaining conpounds. Sols containing
tit-ani um di oxi de may al so be used. Further suitable conmpounds are
zirconyl chloride, alumnum 5 nitrateland ceriumnitrate. Sui t abl e
carriers aremwil%étlcﬁi(tﬁsudaﬁﬁﬁlﬁrcaEQhé&téu@funhQE suﬁéﬁtﬁ{és Kb AES
thensel ves orraba@bderen Eés&’i‘é Uideen60LAY as 8! hid echi® o34 Ur, Used

b d t
further pref & sttt ﬁ&%ﬁ S 5. S 2 MR, oPafhaY FBS ROACERD piFEHS 4 e
i qui d phaseRﬁ fx 3érmatt 8I LyBict PhéRper at ur es without a catalyst by

heating an fqueous sol ution of 15 6-ami nocapronitrile in the liquid phase
wi t hout the e tlupatidn »f theatedotdibni depernidneissentbaliy ®@nathe x¢hosenl

consi sting e%&@absa'ﬂ)&mnet@i‘s\/\@ﬁ&f 1nC @RE ObGHtl idoRB dpPodtsH)- h@lbéﬁ&aﬁ&@ctlon
E)Pl&?grgg: lyer)frcm antéilrltsl%cgﬁ) féfﬁﬁ @8 Im%or%agoﬁi %% stgpar]t cuI ar
rom 20 20, « $oHBE cobfeiaio, 3%%#%‘@ o gt rtcsrion, i’ (o
an aqueoust® (ﬂb&pmﬁtqbqn% t&rrfiﬁB% G |5PPY’P ethar‘h txophlesnme °11§P%$Jésr r
enmbodi ment, fQusAng lenger yepcbiomdtimesare usual |y used per nol of

6-am nocapronitrile, and the solution can generally be further diluted
tE;) S5- |25% b}y Vieg B El)izaﬁ::.w 6 CHRE fltablly L:fazbﬂle@oﬁddé&&ﬁ&o%ﬁ@m c ﬁ0| vent.

anpl es o vean r r such as
Brp ot & Eﬁbél%oap?rtgﬁé 1‘? %3%1 g u‘fané%as, gf‘ycol s, such

met hanol , r o

as et hyl ene f)‘g Pa@ ﬁ@‘fe gf glycol, triethylene glycol, tetraethyl ene
gl ycol, et hers such as nmet hyl tert- but yl ether and diet hyI ene gl ycol

di et hyI et hefThe cycligatiion] may] akdck deccarvish omt hahehwise. Mhbeptantdon
n-oct ane, n-rndmengs theanasoallkgafrom 30dt6yrsmhdnanes. benzene, tol uene,

xyl ene, |actans, 35 such as pyrroli done and caprol actam and

N-Clerr]-Geril ahkohd ?Lgs as a sﬂﬁ ﬁiﬁ%ﬁjy hgx%{nﬂalr%gﬁﬁentlar%lg A

" N- et hyl capr act ca r’o

from0 to 5, gﬁna%l" ’rgﬁFg % HeY dfeis, ﬂf‘a "r’f‘;FdPB en
or nitrogen Pmb R PSetfﬂ’éablY rfé'al‘}t?o?f’ Oet &r BY weighthefradpiNtawe s
preferably cxonséddting essential DP®f Eremos) to 99 epretdrtaplir 6noR 265 tto 350C,
particul arl y g%,ekebpbieidhtoof 2dabital aétan2dh®rfrjom 10 to 50, preferably from

25 15 to 35, % by weight of a high-boiling fraction (high boilers).

In a further embodiment, after the partial hydrogenation and
after removal of ammonia and inert compound or compounds A
(bottom product of column 3), any abraded catalyst material

30 present and high boilers are removed by evaporation or
distillation, by obtaining the undesired substances as bottom
product and feeding the top product to the column K4.

In a further embodiment, adiponitrile and high boilers are taken

35 off via the bottom of column K5 and fed to stage (a). In this
case, it is also possible to remove a stream from the bottom of
column K5.

It is also possible to purify ADN from the side stream of column
40 K5 in a further column.

The hexamethylenediamine obtained according to the invention can
be further purified by conventional methods and used for the
preparation of polymers and copolymers, such as polyamide 66.

45
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17 The reaction is usually carried out under superatnospheric pressure,
t he pressure chosen being as a rule fromO0.1 to 50, preferably from5 to
25, MPa, so that the reaction mxture i¥8 preferably in the liquid phase.
5 The dur atcebraing @ tRaciivdhtdensnsSpHas ! LAk | prdaeskhecshasen

| 0
F{)Oiggs B?;?%hggéfa@ﬂﬂ! oEncﬁﬂfo Ta}nnEPbﬁ e E Bﬁiér ié n&%”gﬁ,éb %% r}lvsfgrdg?%% s

to 90 m.n
obt ai ned in th%@egg? gerP'?fat aﬂg G_L(fm&ﬁ‘gg?%?'?loﬁﬁ'lfoaﬂ%te have shown
that troubl eSSﬁEm% R %%a’f‘b?em by H&Fthlﬁﬂﬁ@ePfréa‘E’t’fwet pagentiallyhe
cyclizatior® F§n5abmmmhysea¢¢mmndau veeneimousl vy, preferably in a tube
reactor, in stirred kettles or in 15 conbi nati ons thereof. The
cyclization nay al AfxHere dohtain My é&%bﬁhmmay sﬂaalﬁsagﬁfd&ﬁtruél me is then
usually from 30 hQXM&ﬁpl%Eg?m:Lg@ gﬂﬁo 1?’%"&% uI e, a mxture
consi sting essenhgg‘lulné(t lenei rgemS g cg er fgﬁf{? 80 to 95 % by
wei ght of ter }* m2htd 56 ‘g é?g’% i ght
of a mxtd\r,é‘a Eﬂﬂgﬁ‘%ﬂlaﬁgt@?s'é?ﬁl%qq °6fa‘F‘i103m tPB pYP “ﬁ’rteerr’aMy from 65
to 85, % by weighillgtioapbeingicanried eubratl@ botEom temperatbry dff om 25
15 to 35, % by wéirgiht6®ftea 2508t -dmd laitn §rém & tico30( baghithahleeps¢sence offnaa

further enbodi ”E&bmp&iﬂd?rwhtlbﬁ ﬂ@riﬁéﬂt hﬁdéﬁg.ﬁf@fdlgelﬁn&mn 2oh@i t L&DV Of

armon o an | er, S8EER ianly G s Tt ST )
evapor at i gl% or s? ma‘l gta gﬁr'gyp Sl ﬁ’f“ﬁ‘bnltahé‘ ﬁng%ﬁ“-’r é’d’“‘?&SE?%]ces as
bottom  product sSHﬂr‘i‘*é’éHPl# rt3%%t op product to the col um KA4. In a

further enbodi ment, adi ponltrlle and high boilers are taken 35 off via the
bot t om of col(bryntlié boickdre produst ape coataihing kissenti&BBe, it is al so

possible to re”D%eaﬁlﬁﬁééﬁﬁﬁhﬁfﬁﬂiér“hé&%hé@ﬁ?fﬁnedlaﬁQhér”hj%%onltrlié is also
possi bl e tgy puri hgxé@{._% thens] 46e3k! & °3In§f:% u nﬁl&f Sl further
i an t

col um. The hexanet enedi anj ne eI pvention
can he ammonla con en eing ower at of the

mixture used in stage (a), is subjected to a second
distillation to give a mixture of the inert compound A and
ammonia as the top product and a bottom product II, the

25 distillation being carried out at a bottom temperature of
from 100 to 250°C and a pressure of from 2 to 15 bar, with
the proviso that the pressures of the first and of the second
column are matched with one another so that, at a bottom
temperature of not more than 220°C in each case, a top

30 temperature of more than 20°C is obtained, or,

the condensation at the top of the second column is carried
out at lower temperatures, the top product, which consists of
pure or relatively highly concentrated ammonia, being

35 recycled to the first column, or

the top product of the second column is recycled to the first
column or to the condenser thereof in vapor form after the
pressure has been increased by means of a compressor,

40

(c) the bottom product II, containing essentially

6-aminocapronitrile, hexamethylenediamine, adiponitrile,
hexamethyleneimine and inert compound or compounds A, is
subjected to a distillation in a third column to give the

45 inert compound or compounds A as the top product and a bottom
product III, the distillation being carried out at a bottom
temperature of from 50 to 250°C and a pressure of from 0.05
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of polynmers and copol yners, such as pol yam de 66. 45 BASF
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18 According to the invention, a part18f the process for the

preparation of cap @ batpnwvitioRhadbPevlidd ithet "eve dlne@theomssithd ok  the

o i o e AR SATLIRE 0 4 i, USSR 6 S
! Yortnll, (S0 13 AR e §f§9{%ﬁt Roptpigfoerid o

wher ei n (a) amxtufe contai ni n es’sern

hexaret hyl enedi arfithé" aﬁﬁﬁﬁ"é’e 28i M F‘Péeaﬁ pounds Bh ich@%gl ATt ne
is subjected to Angest T—P‘Paﬂ#%ltléth@OI’@lthn%rﬁﬁﬁlbalésat h@'qnbaopt@duct
and a bottom pro@®5®’Clattth® bar, distillation being carried out at a
bottom t enperature of from60 to 250 C and at from5 to 30 bar in

the presence ai) %he bottof PHRMBE ¥Pi Chednt &Hf:‘ﬁ gtibify distillation
condi ti ons, or ;ﬁ:{.ugg Bl ﬂe%sasne%ﬁﬁmgn? . 2“% ¥ Slsagy from

60 to 15

separ at ed ¥+, xamet erlef’r@ B8t ¥ priodgeLred, Jaer H?W%Qﬁt ially
6- ami nocapr oni t r i9ORPOHBAA M HiF enbieckrddo ééls'gbﬁamﬂ-phemm fourth column
hexanet hyl enei m rt®, gimeréa tpproddcbrkRlgmeontdinihgrdsentiallyammoni a, the
ammoni a cont ent hrixagetRyEéndiine| Nd¢ sikBE inert coffblhnd fort!TRfhpblindd afe

(a), t|5 subj egt 2¢Hd0aas§§§(¥'{ﬂ'eam sal, CEO?'{:‘.E'J.L!% §U¥kdeAtIhygya m Xt ;”e of ghet
i nert conpgpgin rQ om. pr oduc
1, the ZSP*I di stl rel eé’%gggg € 3%?5%1?)2 rSPE]‘F‘g"

from 100 to 250[6‘;:]:@ g a5 F@sgaPec G £Bf, pregsurs fuem Qy0S,to 1.5 ac’ﬁlﬂre
_proviso that the §§u9é%e(ﬁ botsom pradugkd I¥; and ddcdesired, thecoblumn are
mat ched wit h one imnethépped witht a dividit vall in the regper ddtweenfl F&ed
nore than 220[ er rdrd sfidéa€dkesEE, palﬁ@p(p%l%lyuk ¢SIERN 3t 56 et ARee t han

col umm T orri g eraneChylenedianint Wil S5t 10 b %gutc[‘e i ch.
consi sts of exameth%f I J‘?‘af1 %ﬁ“é/ ‘rﬁ | GORBPRA, O Faf"@’ﬂp‘g ge‘\i{%:g 35
recycled to the fqtrhﬁr iB‘I” PRELezs. the top product of the second
colum is recycled to the first colum or to the condenser thereof
in vapor form af ttep pireduct KP1 peisgufexl tas theecthinic cedamn dyy, fEans of a
conpressor2s required, only some of top product KPl being fed to the third

column and the remainder being removed, and

(e) the bottom product IV, containing essentially
6-aminocapronitrile and adiponitrile and possibly high

30 boilers, is subjected to a distillation in a fifth column to
give 6-aminocapronitrile having a purity of at least 95% as
the top product and a side stream consisting essentially of
adiponitrile and a bottom product V which consists of high
boilers and small amounts of adiponitrile, and,

35 if desired, the column is equipped with a dividing wall in
the region between feed and side take-off point, so that the
adiponitrile obtained contains relatively small amounts of
high boilers,

40 the distillation being carried out at a bottom temperature of
from 50 to 250°C and at from 10 to 300 mbar.

The novel process has the advantage that it provides a
continuous process for obtaining caprolactam starting from

45 adiponitrile, hexamethylenediamine simultaneously being
obtained.
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6- am nocapronitrile, hexanethyl enedi am ne, adiponitrile,

hexanet hyl enei mi ne and i nert conpound or conpounds A, is subj ect ed
to a distillation in a third colum to 20ve the 45 i nert conpound or
conpounds A Bsaiples op product and a bottom product 111, the
distillation being carried out at a bottom tenperature of from50 to

3_53_0 ggg 2 423@38ﬁg,ar@&erigt&@h%P5adiponitﬁf~§£ %%i.sﬂggéﬂgx%%%g%lez bar 9§M.O§ﬁ1

the provisog that the inert conpound or conpounds A obtained as the
top product® are Petub®) Zeactopchaing a lengéh 9fn2 Bnand jan dasereal the
distillation bei Ajaneter of 3ud cm was fihledeovikheI&Acml off dA&34rgmie
conpounds B whi cbataEystheohsibting dfnges by avedighti bf atdmh 56084l e iyt ad
boi | at from 20 uR,0;, 3% byIMHiYht! 6£36,d)- an83% by weldit Id¥e NROS! AR RAUCT
I'1'l, contai ning Sﬁégﬁéta!v}ag t{“rzrlllaeth- g@b&oﬁﬁ%%”b@gf § 'of 48 hours, in fa

hexarnet hyl enedi ani ne,” adj poni , exale enei.mne and, |
desi red, yi ert cg}"rﬁ%ﬂhcfdéog‘ygmgfn 8 Mm:isb‘B,”T%e%%bﬁ‘%&h@dtF’BP%I‘f%tt“irlel ation
in a fourth col ufffom 30°C tpy28Q e updepatmaspher igraressyneai ARy ébsential |y
hexanet hyl enei m wempéfatige hed bewsr treduocpdutnl 45 Cc pinlmi)derB35°c and a
si de stream SAl, (eatléty) Agmescery icH BY01§/h of Aaipsritviienedsang e oft he
bot t om t enper at UpgnGhid MR SbEMYh of hydP&idl WasOFealed GneoREaltil (die
pressure figom 0. 9o t0u; 3:3hastion, £ofl:lfd)ey8 FelAMREIIG Y, and,
i f desired, the oEun;rl\ ,|s%g%|[gged W T f'iﬁgIVIdl Wa "1 he
regi on between fge.g/ ) was gipeu} E-Temovsdi RE et VOB €61 uim), so
that the 20 ReikpoRttRilenware ranvesbedi weder $heseceandiitiipns ¢ (Bhepf
hexanet hyl enei m meaehibn mixturengunsigted obrfjiiubyswighid off ammonia, dbSker
| ow boi | ers, by weight REOADR] 1HBBYNGeidit ©F hMEndddprénsetire @cN)i,f
ol um and ho. 7 apnry PP VRiShe! £F MEGHA 0 SV B Edahetod BenRE Blbdinncepy
?Hg#légiéé%iblg%iegﬂ¥ ﬂcugﬁﬁb seyee%lﬁ i %5??1.

cont ai ni ng essentl am Hocaproni tri a ponitiile and
possi bly high 30 boilers, is subjected to a distillation in a fifth
colum to  (b) Wgrking umithgcdisehanged| bydeagengtaopunixtpref byt | east 95%
as t he t odiptblllattionnd a side stream consisting essentially of

adi ponitridse and a bottom product V which consists of high boil ers

and smal | amount ghgf 9 AEliRYel" hf@rodddtion mixture from (a) was freed from

catalyst and fed to the top of a first column having two
theoretical plates. 5.0 kg of ammonia were separated off with
200 ppm of ethanol via the top at 47°C and 19 bar and used

30 for the hydrogenation (stage (a)).

The bottom product of the first column, a reaction mixture
containing ethanol and small amounts of ammonia, was fed at a
bottom temperature of 180°C to a second column having 10

35 theoretical plates.

1.22 kg of a mixture of 30% by weight of ammonia and 70% by

weight of ethanol and traces of hexamethyleneimine (HMI),

hexamethylenediamine (HMD), ACN and ADN were recycled via the
40 top of this column, at 50°C and 10 bar, to the first column.

The bottom product of the second column, which contained 39%
of ethanol and 100 ppm of ammonia and was at 177°C, was fed
to a third column having 10 theoretical plates. 3.2 kg of

45 ethanol were taken off via the top of this column at
47°C/300 mbar and recycled to the second column.
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the regi on between feed and side take-off point, so that the

adiponitrile obtained contains relatively small anounts of hi gh
boilers, 40 the distillation being2darried out at a bottomtenperature
of from 5@ 100 kxg56f eprdductntlené fddFréfl tke HYtrohass the thlrdThe

novel process hagdibfngady I?Qfast Qéhéé‘oo”eﬁ'g'efo th col y
process for obt algye%gegilg%?ﬁ(ég_%@ sg ét :#1 rom é 1 26 g pOP'HMB Ie

hexanet hyl enedi am r}(e Si Er‘%l
Akt i engesel | schaft®ken o She tép of (§ is 6 !‘:‘G"’M@A’Bé" C/90 mbar. 1 74 kg

20  Exanpl ®s qfa)HMHyl%wmngoh%fpmloﬁoﬁmramda 109 prmnehdSHpwenetril e
5 A tube readiakenhaffngs & |1dqoid =ide? straam f£rom ther B3@th theoretilcslet er

of 2.5 cmwas filgledewotht/fd) ddlLufh éﬂcﬁ%ﬂﬁ)re&ffrom the pRéEdsst consisting
of 90% by wei ght of CoO, 5% by wei ght of Mierr](err], 3% by wei ght

gz:t F\Z/gfegnd 2:t)/ohgycour sgt o? %Nadﬁlgﬁl’ ag‘?#’:f%‘fﬁg ess%’&"@g#ﬁf% 5‘6 nA?%OO
1/h) by i nweay gy khe bottony pf theyfqurth eolummy #hirk wakler

at nospheric pressﬁ]:r é81A(Ft e‘#nd: Hed to a fifghpeolumy élalwadgb&rtheedateclal )
45[err] C (inlet) plratgs.Cl.75 kg ofOACH edgntadnihyt18% ppin 380 fanaf 100 ppm
adi ponitrile, 38Q:ﬂ/A|DNO¢Jere obtaifBHDR £ tHed 8P lofl /thiaf cbyﬁl:ﬁzp%n 202fbded to
the reactor at 13 o bar. In addition, four tinmes the feed quantity
(about kgwqh) was' circul ated for rermval of heat. 70% of. _
adi poni tri f‘e vvere caonverted under these conditions. The reaction

m xture consi sted o° 589phARNeiCORtatRingBOAi BPM 1HACN were kakgs gRE @8 DN,
17. 5% by wei ght ofape¥i Abderteam ihetierdidwer2part ofl Thedf ftweiodnmnof HVD
and 0. 1% by wei ght.1af kgt 6£ramUlesheateing about (FEbys Ketght Vof highObbilers

ACN-HWD sel ect i Vidas cax8R%ee at 16b)c WilakiAg Bgkddie di schar ged
hydr ogenat ggn mi xture by distillation 25 The di schar ged

hydr ogenat i on was.freed cat st and fed to
the top of a ?cfr?r :({yc&&Fﬁ i 85 a{“%“apmmgfﬁ?a%rté{ °€8F°§? . 5.0 kg of
anmoni a were separated off vmth - 200 ppm of ethanol via the top at

47C and 19 bar arkd s@deti@® of 2 fkgr of ACH\(droge(ia)) 0 .64t hgeof ajpker and

17.4 kg of ethanol was passed, at 220°C and 70 bar and with a

25 residence time of 15 minutes, through an oil-heated tube
reactor having a length/diameter ratio of 100 and containing
4 mm titanium dioxide extrudates. The discharged reaction
mixture contained 1.7 kg of caprolactam, 0.06 kg of ethyl
6-aminocaproate, 0.1 kg of 6-aminocapronitrile (determined by

30 gas chromatography) and 0.1 kg of 6-aminocaproic acid and
oligomers and polymers of caprolactam (determined by means of
HPLC). 1.6 kg of caprolactam were obtained therefrom by
fractional distillation.

35

40

45
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contai ning ethanol and snmall_anmounts of ammonia, was fed at a bott om
tenperature of 180[err]C to a second col umm having 10 35 t heoreti cal

pl at es. 1.22 kg of Em“ﬂlmmm ,ﬂﬂmby wei ght of ammoni a and 70% by
wei ght of ethanol and trace I eimne (HM),

hexamet hyl enggli @iL9&: (HMD), ACN artdd ADNSwete recycled via the 40 top of
this colum, at 50[err]C and 10 bar, to the first col um. The

bott om pr oduct of  the second col um, which contained 39% of et hanol

and 100 ppm of* afh®FPgess £ the: simyktangous pEeparationt of canrolgcham and
havi ng 10 t$1eorethwebhﬂ%@dlam:nkgstﬁrmg frortadiponiteile + athemedhf via

the top of this colum at 47 C/ 300 nmbar and recycled to the second
col um. BASH Aldipengeseld Sehphitially hgaggé’énated to Givde @%Q‘:&@é88
21 5.0 kg of dﬂ@ﬂiﬁlﬂﬁ”é%§LQQ1%i%i?éJgﬁlﬁgé E g, third

col um, V\/m ch was at h166C 1 L{/heoret I cal
pl at es. of HM cqiFarRF aEppia, "l”d‘l’éé'ﬁ Bf#2%ia the top
of this co m at 67[eFApeF ?P&&F“.’-ni.r 7%“4(9 5 of HWVD contai ni ng 155
ppm of HM and 100 ppm of ACN were - taken off as a liquid side stream
fromthe 30th thednetthealmixture obthahed ofin t(fa)s isosubjected ten@ved fromthe
process. 3. 2511'@&1@1&2{&{1%@ gi¢e niniBYa 8 SER lop b¥o@hct @lgagd ADN,

10 were renmoved fy (E &flfcttoq‘ Ofnd %‘Hg&@l 'B‘é’lﬁg @Qi‘ﬂ‘ed"’%ﬁt at a
f

at 181C, fed to th col urm ﬁav
1.75 kg of “ACN cont a?ﬁ) o9 0°¢ and %fprﬁﬁﬁ“ﬁ%r%f

obt ai ned via the top P FI|§° Gﬁﬁ' AR the Bygsence of agempowpd A Mhichsis
1.39 kg of ADN cont aumearg 8aden ineo AiMEN Jadriont atnditufdnsasorn a mixtureapbHr
side streamin the | dnettpeshpoifndsha,fwhidh GilsNat from 600td 123«¢Fcoht ADN

cont ai ni ng about 10%1fsybw.e.yg£ﬁd @hehbfifloR IfSbeing compAsth®fCibgififatah 190C
via the bojgom 20 %\I%C i zation of 6-am nocapronitrile to caprolactam

A solution of 2 kg of rom (b)), 0.64 kg of water and 17.4 kg
of ethanol was passed, at 220C and 70 bar and with a 25 residence tine

of 15 nminutes, tHr%ud’f?eamBT—‘Pm RFRAugtt Tbecontaining gaaemtindlyng a
| engt h/ di anet er rati ®d-@minocaprenicyile; niewpmethylenediamine, adiponitrile,
hexamethyleneimine, inert compound or compounds A and
25 ammonia, the ammonia content being lower than that of the
mixture used in stage (b), 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 bottom
product II, the distillation being carried out at a
30 bottom temperature of from 100 to 250°C and a pressure of
from 2 to 15 bar, with the proviso that the pressures of
the first and of the second column are matched with one
another so that, at a bottom temperature of not more than
250°C in each case, a top temperature of more than 20°C
.35 is obtained, or

the condensation at the top of the second column is
carried out at lower temperatures, the top product, which
consists of pure or relatively highly concentrated

40 ammonia, being recycled to the first column, or

the top product of the second column is recycled to the
first column or to the condenser thereof in vapor form
after the pressure has been increased by means of a

45 compressor,



4 mm ti t ani uBASE Aktdengesaldachafthe di §§ﬁ§2§jed r ead.+2n 0050/46488t ur e

contained 1.7 kg of caprolactam 0.06 kg of ethyl 6- am nocapr oat e,
0.2 kg of 6-am nocapronitrile (determ ned by 30 gas chromat ography) and
0.1 kg of 6-am nocaproic acid and 2 ol i goners and pol yners of

caprol actam (det qi@yi Rad ByttBfproghct 1I, coHELQu.ni e@sﬁﬂt?&l prol actam
wer e obtained theref g Mo%aéﬁronltiif&%' egh§ié 0;!5@2 étnPe,

45 BASF Akti eng se

Ve claim o 1. A proSEeRSii¥lengining, and fert oo PB SoppanIiEofacisim
and 5 hexanet hfl“?ﬂﬁﬂ’?%ﬂntt?e asdistiNptiesnind® pdvirdr potumn, o gine the
(a) adiponifrile is paertatonpdwndr ogerenmminds 3i a® thenitepupeoduct and a

cont ai ni ng essenti al bptGemnpruaiuefr DI | ridec distillation being carried out at
hexanet hyl enedi am ne.a BBERGH %enl%@kagﬁ‘fé rdd Qr@ﬂdS@Oto 250°C and a pressure

h t hyl d r
Sﬁg?ggt hy tegegm ne, frm& 0,05 €B) 2t 0 MXLH 10 % vigd t @h iner Lot

and a bottSWPBV% @t #’%af'ﬂ%d cﬁssg":hlel 5??(9F°6€'Fﬁga’6%r%dg& oﬁPeat
15 -~ %ot tom t ePFEPARE LU, { pRdy 6Ff desited; he gigféllagionopeing
from5 to 30 bar in cerrpedsmicdnothe preagesmgedof ewe oir mere compounds Bnert
under the distill ati eshichnahtd iimext afidér réhe digtDflation conditidil knd

Q

conmpounds A, which beiohs &t ffmgotgozg)@gcagto 3 bar 18 bar, and the
anmoni a not being conpletely separated of f, and '
15 (e) the bottom product III, containing essentially

6-aminocapronitrile, hexamethylenediamine, adiponitrile,
hexamethyleneimine and, if desired, inert compound or
compounds B, is subjected to distillation in a fourth
column to give a top product KP1, containing essentially
20 hexamethyleneimine, if desired inert compound or
compounds B, and a side stream SAl, containing
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 IV,
25 and, if desired, the column is equipped with a dividing
wall in the region between feed and side take-off point
(Petlyuk column), so that the hexamethylenediamine
obtained is essentially free of hexamethyleneimine and
inert compound or compounds B and of other low boilers,

30
top product KP1l being fed to the third column or, if
required, only some of top product KP1l being fed to the
third column and the remainder being removed, and

35 (£f) the bottom product IV, containing essentially

6-aminocapronitrile and adiponitrile and possibly high
boilers, is subjected to a distillation in a fifth column
to give 6-aminocapronitrile having a purity of at least
95% as the top product and a side stream consisting

40 essentially of adiponitrile and a bottom product V which
consists of high boilers and small amounts of
adiponitrile, and,

45

AR RO
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c) - A

. hexanet hyl enedi am ne, adiponitrile,

hay; L4708, inert conpound or conpounds A and 25 anmoni a,
tﬂ lﬁ”ﬁlﬂhwt being [ower than tha of the _ m xture used in
sta , nl Ss ectigdaé®irede¢f8dcolumn is equipdd kdighi QNaividingewall

m xture of the inert ;o . C S n a t he
iROPROUNLi¥h between feedl.?ﬂa’%]ie'&l dfcél(lglﬁg]f BEIAL2 &5

top product and a botto . .. produ ion_béin
carried out at a 30 thall the k?&ll?Sﬂngﬁ%r:%ﬁ?Bé%fc%tmiOﬁefaot:‘é'gt}?eﬁ and
a pressure of amountsg of high Reilprs, with the proviso that the
pressures o¥ the first and of the second columm are matched with
one anot heéhesdisgtidilatdbn sbdinid @arkeepanai @teaobotidm nore t han
250C in each case, atefifet£RR JEUELOR501R6E250TN o2@l &' plésstite of from 1D
obt ai ned, or to 306 fbarondensation at the top of the second colum
S carried out at lower tenperatures, the top product, which
consists of_ pure or, relatively highly concentrated 40 ammoni a,

bei ng recyd ed té‘nfihéh?i‘f%scult‘f&Pﬁngr,al‘!}rmcaPrmltrlle fRetheyp gyicddaed &7 the
second col umm i s cARPEQLAGkAM.0 t he first colum or to the
condenser thereof in vapor form after the pressure has been

i ncreased by 2eamsp@bcéestds claimed GARABSA0I, whereiR e AldipBR9eseld schaft

950921 O Z, 0501 45408 :
(d) the batd om product 11 -Contarm r?gf SO38MR; %48, fed to stage (a)-

6- am nocapronitrile, hexanethyl enedi am ne, adiponitrile,

hexanmet hyl endi*ni RePRAGESHEOr EBApHimH tanepusRRRAFation; ef

subj ected to a diéseminegapnenikrile randl heshwethylengidiemime bys distillationert
compound or conpefndsmixtasre kentaining@sebntilllyy these compoudds! ORhéXeIRUCT

11, the distillation being carried out at a bottomtenperature
of from 50,4 0 25Q¢,and ™ 0. Lar, Wth
Che provi <5 that (Phe s REREiee Sontaintog sysgpefinif Bskifisidittisg]
product are fed to tBE Y enedlafiivd B onlErle idny  t he

distillation being hexamethylengimine ifsupjeehed fiegcdiatbllagienokongive

conpounds B ammeniz asarthei hop tpnotiiet and alibwititbmapreduatoddi thens
and boi | atistiblatidn be2h§|curdi€dabud. &t kabottdd tempefratuideof
bottom proggict 111, ¢@Bhasittd 28693€ AP dtY from 5 to 30 BaAMAAGRPLPEELAdd €.

o s e Sl v i, el SRR
distillation in a fo&f’f‘ﬂl{ims' or a ’ﬂ’o’fftﬂrﬁ Pg Ipers 5%88“%&%&&?’3’*55?“1

cont ai ni ng essentiaIP§ from 60 to 250 C at 18 bar, and the ammonia not being

completely separated off, and

30

(b) the bottom product I, containing essentially

6-aminocapronitrile, hexamethylenediamine, adiponitrile,
hexamethyleneimine, inert compound or compounds A and
ammonia, the ammonia content being lower than that of the

35 mixture used in stage (a), is subjected to a second
distillation to give a mixture of the inert compound A
and ammonia as the top product and a bottom product II,
the distillation being carried out at a bottom
temperature of from 100 to 250°C and a pressure of from 2

40 -to 15 bar, with the proviso that the pressures of the
first and of the second column are matched with one
another so that, at a bottom temperature of not more than
250°C in each case, a top temperature of more than 20°C
is obtained, or,

45
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conpounds B, and a side stream SAl, contai ning essentially
E'ﬁﬂ ne, the bottom tenperature of the columm being
:‘”ﬂ ! "“lﬂﬂmu:mm t he pressure 4 from0.05 to 1.5 bar, and to
give a godﬁhnﬁ pr*gdU_CEhéVeor?@nsation a@ﬂ;?xe_ 'tsid@ﬁ'trlﬁdseégﬁ‘d Céﬂl‘thﬂ% !i.g "
equi pped w a divi ; ‘y@{ [
bPPied out Cﬁe%?t¥U t 1 Qﬁe @c%é:‘?q%d gt ’ witn

si de take-of f point \ _ orunn) S0, that
hexamet hyl enedi ami ne ©°P815ts ©f bype « ﬁ@&iagl‘ég ﬁ{ﬁgg'?lp'yc?‘?ceeé‘td:lated
hexanet hyl enei ni ne affionia, being regyqledoiBothRl HrsEofpbMfes o8 and of
other low Boilers, 30 top product KPl being fed to the third
colum or, if the topqtodad: ofilthesaseond dolmmpr Osurdéc€Redbes nthdé ed
E]?) t Pﬁ bot t ;hlfaelseoécsmmaaé_ tH e FBhAERSeP @hedebf MY RpoRNEormd

e bottom produ :
6- am nocapr oni tlroi |l e gggégd?&%%rhlg?ggaﬁs%%%}s‘%%%rﬁ%sgeﬁ by means of %oi | ers,
is subjected to a di gﬂnPf%ﬁDoord ina fifth columm to give
6- am nocap‘r‘bni trile having a purity of at |east 95% as the top
product and a si d€)stheahettamsprofngt AX, containingessentiadly adi ponitrile
and a bottom product 6¥amimadapronitrile, hexamethglarfediagindpiddipenabdirenl |
anount s of hegélh leleliflin@thd indPt compound or BASMpounds A, is

Aktiengesel | schaft  gypge % a distfirlq'a%iogoﬁgla 4884 coldmf§d g§ e

colum is ui pped wi,t | Vi di ng_wa In_the. réglon
bet ween fe€% and si dé‘n?ﬁgeq%‘quﬂgi ff cqgpounds A as the top produch and a

adi ponitrile obtai neQoEERR RrRducE| 31T dihe digtillation being carrieg pghtat of

hi gh boilers, ® bottom temperature fof diromi 50 td @800Ciangl @apresshrait at
a bottom of fromp@satore kdr,f wakh50hé pravicoatihtn thecinere of
from 10 compb@nd Y} EBApounds A obPained ¥ thBCté P PHIauBE are

6-am nocapgpni trile igqt Qgr'tlﬁ%’(‘s!elcé & {:,é?.umn, and, if .cfe%?ﬂ:?!iacélﬁam
2. A process as cl aldrreg.%f clarm L, er el gtt e adl&onl rile ¢

fromthe side stream dP totTmMPIsPPLRY (ifrded: J9k YBy)the presence of one or  ,
process for the si muMPERcERMPWDGs Bt ¥hirlhare inert undergtheigigtidlakionile

and hexaret hyl enedi arondibiondi @mid bail @t from 20 to 250°C at 0.3 bar,

25 (d) the bottom product III, containing essentially
6-aminocapronitrile, hexamethylenediamine, adiponitrile,
hexamethyleneimine and, if desired, inert compound or
compounds B, is subjected to distillation in a fourth
column to give a top product KPl, containing essentially

30 hexamethyleneimine, if desired inert compound or
compounds B, and a side stream SAl, containing
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 IV,

35 and, if desired, the column is equipped with a dividing
wall in the region between feed and side take—-off point
(Petlyuk column), so that the hexamethylenediamine
obtained is essentially free of hexamethyleneimine and
inert compound or compounds B and of other low boilers,

40
top product KPl being fed to the third column or, if
required, only some of top product KPl being fed to the
third column and the remainder being removed, and

45 (e) the bottom product IV, containing essentially

6-aminocapronitrile and adiponitrile and possibly high
boilers, is subjected to a distillation in a fifth column



of a m xtur e BASK Akkirpgesehlschast t hes®50923ounds, ks c0050/464880
(@) a mxturecontai ning essentially 6-am nocapronitrile,

anmoni a, adiponitrile and

mﬂiﬁ"m“ Bﬂ"fﬂ% |s subjected to a disgillation to give

ammoRI a dsw el Vea@daﬁﬂ&fa poRDEAAC hating NE purity of at least
distillation being C gy & Bgé%grgr}degpg ﬁé ué'tere% con8152t5ng
from60 to 250[err]Cand% (}?P nce

of a conpound A whi cif3§T B é'fh?ﬂ’é“cﬁ’slﬁ BPg: ¢ ttom product V which
conditions, or a m xt‘iﬂnéléFsl%rl’clgé’ohﬁblﬁm and gmath ameunts of

at from60 %0 250 er rdddpanitBilew andad t he ammoni a not bei ng

conpl etely separated off, and 30 "(b) the bottom product I,

contai ning essential ljf desired, the colum® &eQAEHPER Wilth! hedlvz.dlng wall

nexamet by ened: an gg’lnthéoPéf}{drld%etween feed and side IAAMBEEGNE, TLB®
content being | ower % ﬁ%ta‘g{f]p"tnﬁ'énle obfained °°ntar?1’5§t EF%a’il’s"é*d'Y ﬁmgpage

(a), is subPected to poypEsnef high boilers,  (istillation to give a
m xture of the inert conpound A and ammoni a as the top
product and a bottomyheodistillation being carried éile & 2t bbtedm on bei ng

carried out at a bot tt@Mperature of f£ 56 ecrg)grs@télr&d) tf?. 0
250[err] C and a pressigeemBh fron‘%Z rom g % lt'.oh t he

provi so thf%nit he pressures of the f| rst and of the second
columm are tched with one anot her so that, at a bottom
t enper at ur e A nR BFeFese as claimed in either ofoplaims,leand Z;)agéeraupoap

t enperat ure of norigtunencoyimtipg essentially of i s obtained, or, 45
BASF Aktiengesel |&xemafll to 70% WPWRight of 6-AmdnobaSEYEG4S8e,

the condensat ' 0” ﬁtoni ﬁetbol?o%)fw %ﬁﬁEO&f‘ é‘cﬁ.'ﬂémth?le,

carried OU w% 8 %hyi@’xe%lamn.ne,
consi sts o ure Z’ %b.l ve h oncen hvl

amoni a, bei ng refg'i? d to ?h ?‘amet vlepeimine and
the top product off9he &ec8ad labl"{%ﬁhFSOf ew@mea't o the

first colum or tis msedcbmdsbager (bhereof in vapor form
after the pressure has been increased by neans of a

conpressoras 5, al@rocess as cla:.m(e&):.ﬁ ha dipl BOdRAWCE hixtrAEB8hBiSGing
essentially essentially. off- @m nocaproni t rile, hexanet hyl enedi am ne,

adi ponitrile, mne and inect conpound or

conpounds A, is ¥om 1 to 70% by w?d'ﬁﬁgc%%agltaﬂu&°ﬂ?§f?rflltﬁ'ﬁ8n inathird

colum to give t H¥om 1 to 70% by weight of adiponitrile, _
from 0.1 to 70% by weight of hexamethylenediamine,
30 from 0.01 to 10% by weight of hexamethyleneimine and
from 5 to 95% by weight of ammonia,
is used in stage (a).

6. A process as claimed in any of claims 1 to 5, wherein ethanol
35 is used as the inert compound A.

7. A process as claimed in any of claims 1 to 6, wherein
hexamethyleneimine or hexamethylenediamine is used as
component B.

8. A process as claimed in claim 3, wherein ethanol is used as
the inert compound A.

9. A process as claimed in claim 3, wherein hexamethyleneimine -
45 or hexamethylenediamine is used as component B.
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bottom product [11, the distillation being carried out at

a bottamtenperature of from50 to 250C and a pressure of
fromO0.05 to 2 bar, with the proviso that the inert

conpound or conpounds A obt ai ned as the top product are fed
to the Secpnglﬁﬁiﬁﬁbo Ndref réﬁ%n e511."7'olaatctam and hexamethgiéﬁédllaﬂ&hg n
bei ng carried out e presence o e “coimpounds
B which are inert under the dlstlllatlon condltlons and
boi| at fromP28E¥&F®50 C at 0.3 bar, 25 (d) the bottom product
11, contaiding essentially 6- am nocapronitrile,

hexanet hyl en€dpaolantanadnfiohétandthylenediamine are prepgaéanBimylieiiriodslg |
and, if desi gRartimf fromOHROPEYEtIile. conmpounds B, is
subjected to distillation in a fourth colum to give a top
product KP1l, containing essentially 30 hexanmet hyl enei m ne, if
desired inert conpound or conpounds B, and a side stream
SAL, contéPhlng : essential |y hexanet hyl enedi am ne, the
bottom t enperature of the columm being from50 to 250C and
the pressure from0.05 to 1.5 bar, and to give a bottom
product 1V, 35 and, if desired, the columm is equipped with a
di vi di ng wal |l in the region between feed and side take-off
poi nt 15 - (Petlyuk columm), so that the hexanethyl enedi am ne
obt ai ned i'S essentially free of hexanethyl enei m ne and

i nert conmpound or conpounds B and of other |ow boilers, 40

top product KP1l being fed to the third colum or, if

required, only sone of top product KP1 being fed to the

third colum and the renai nder being renoved, and - 45 (e) the
bottom preguct IV, containing essentially

6-anmi nocapronitrile and adiponitrile and possibly high

boilers, is subjected to a distillation in a fifth colum BASF
Aktiengesellschaft 950921 O Z. 0050/ 46488 to give
6- am nocapronitrile having a purity of at |east 95% as t he
top product and a side stream consisting essentially of
adi ponitrigse and a bottom product V which ~consists of high
boilers and snmall anobunts of 5 adi ponitrile, and,
if desired, the columm is equipped with a dividing wall in
the regi on between feed and side take-off point, so : t hat
the adiponitrile obtained contains relatively small 10 anmount s
of high boilers,

30

35

40

45



D et

the distillation being carried out at a bottom tenperature
of from50 to 250[err]C and at from10 to - 300 nbar.

15 . + 4. Aprocess as clained in either of clains 1 and 2, wherein a
m xture consisting essentially of from1l to 70% bB05AL4E4R8 of

6- am nocapronitrile, from1l to 70% by wei ght of adiponitrile,
20 from0.1 to 70% by wei ght of hexanet hyl enedi am ne, from
0.01 to 10% by wei ght of hexamet hyl enei m ne and from5 to 95%
by wei ght of anmoni a, is used in stage (b). 25 5. A

process as-clained in claim3, wherein a m xture consisting

essentially of H2 1 to 70% by wei ght of 6-am nocapronitrile,
from1l to 70% by wei ght of adiporjitril fromO0.1 to 70% by
wei ght of hexanet hi¥Hg from0.01 to 10% by wei ght of
hexanet hyl enei m ne and fromb5 tP QSO?ﬁy $§Aght of apmoni a,

- 1s used in stage (ADN » A processfas cleteeyin an lains 1
‘'to 5, wherein ethanol is used as|the ijnert
7. A process as clainmed iin any i
hexanet hyl enei m ne or hex
conponent B. 40

et hanol is used as
process as clainmed in clai
hexanet hyl enedi am ne i s us

rein

or

....‘m[éi.
» HMI
% A ;\
. — >

ADN




