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0050/ 47105 Preparati on of caprolactamfrom 6-am nocapronitrile

The present invention relates to an inproved process for prepar- 5 ing
caprol actam by cyclization of 6-am nocapronitrile i.n the presence of
water at elevated tenperature and in the presence or absence of a

catal yst and a sol vent. It is known to react 6-am nocapronitrile with
wat er to for Rreparatiqy ofaeerrnlastamnftom H-amingcerrei&rdéne both in the
gas phase and in the liquid phase. For instance, high caprolactamyields
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Wit hout a ca?&ﬁ?%?e °f5né‘ ggerlysk @94 #nsclvafe | i quid phase in the pr esence
of catal ysts such as hono- geneously dissolved netal salts is described
in FR-A 2,029t549. knownDlEoAréac’BS-ﬁﬂ&nﬁéﬁbﬂ&ﬁrﬂé%tﬁﬂ&aéeﬁCﬁd F>rinhea-
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However 6-aminocapronitrile is cyclized to caprolactam, the de-
sired product of value, caprolactam, is customarily obtained to-
gether with byproducts which have boiling points higher than the

25 boiling point of caprolactam. The amount of these high boilers
can vary appreciably depending on the cyclization catalyst, if
used, and the conditions of the cyclization.

The main constituents of these high boilers are dimers and oli-

30 gomers of varying molecular weight. The composition of these high
boilers differs from the composition of the polymers obtained in
the polymerization of caprolactam.

-The cyclization of 6-aminocapronitrile with water to form capro-
35 lactam and ammonia gives rise to high boilers of the formula I

' 0
i
H,N(CH,);CN + H,O » HN ECH,{_,)5 -C- N}} (CH,),-R
40 1

where R is carboxyl, carbamoyl, nitrile or, when alcohols are

used as solvents in the cyclization of 6é-aminocapronitrile, an

ester group. n is an integer from 1 to about 50, but the average
45 value of n over all compounds I is generally less than 5.
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used as solvents in the cyclization of 6-ami nocapronitrile, an ester
gfoup. nis an integer from1l to about 50, but the average 45 value of n

over all conmpounds | is generally |ess tQan 5. 'f0050/4r105 _

2 By contrast, the ring-openin o] ycondensati on qQf caprolactamin .
t'he prgsence %l‘f ‘%ﬁé’tté'las{di'v%ée r’ﬁlé’g’ggg %/_ng¥°?ﬁ‘§q’bﬁ?téfno?gtq?é’r°1a%m“a
I]: [err] the presence of water gives rise to polymers (nylon 6) of|the | n
contradi sti ncfemmmliaoIZke hi gh boilers of the fornula |, mis much nore
than 1000 in the polynmers of the fornula Il and Ris only carboxyl. 15
It follows ghat the high boilers mxtures of the formula | differ _
significantly/Z1n\theifpycgenm cal structure and their noﬁpcu r wei ght's,
fromnylon 6 fwhi chNi# obfa rHN-(TH-COD| act AMN [ (CH,).t O-NHR@AY), £ COoHackK
nylon 6 or ny -includi ng product 20 m xtures ck to c ol actam The
caprol act am use t he synthesis of nylon 6 has hithert & al nost

W t hout exception been prepared by Beckmann rearranggment of

cycl ohexangge oxine. The cracking of nylon 6 or nylon-6-including

product m Xt UbPRdntrad; SUMATRN LY &ld 83LECSPIdS 3¢ 8he Rrabdsl £, R VSIS
at el evated 25 tenperature,. frequent er ction of Sream’ . Chem
Ing. Techn. 4% thggg ,Eﬁﬁdoogeggr%beeéogﬁmfeﬁﬁt%ﬁeﬁ%ﬁl formyla, 4% ARA R difess
usi ng super hetd c8rB3¥YL The wor kup necessit at es concentrating a '
caprol actam wat er solution. 30 According to the process of EP-A 209 021,
the cracki b§ Ito ficddoes that ateanigls Wdleretmixtudes aff thd diczadihet dfffer

al um na. EP- Asiadd f4éantly /) Gachasit hetddhl i SfrRituRet aﬁé!ﬁ'{?i‘iahQQ fAsS 2
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under reduced pressure. ] )
It is known to crack nylon 6 or nylon-6-including product

20 mixtures back to caprolactam. The caprolactam used for the
synthesis of nylon 6 has hitherto almost without exception been
prepared by Beckmann rearrangement of cyclohexanone oxime. The
cracking of nylon 6 or nylon-6-including product mixtures is
customarily effected using acidic or basic catalysts at elevated

25 temperature, frequently under the action of steam.

rve renoval | act am

Chem. Ing. Techn. 45 (1973), 1510, describes an industrial _
cracking process using superheated steam. The workup necessitates
concentrating a caprolactam-water solution.
30 :
According to the process of EP-A 209 021, the cracking to capro-
lactam is carried out in a fluidized bed of alumina. EP-A 529 470
teaches the addition of potassium carbonate as a catalyst to a
nylon 6 cracking process which is carried out at from 250 to 320°C
35 with simultaneous distillative removal of the caprolactam under
reduced pressure.

DE-A 2,440,243 describes the cracking to caprolactam of nylon-in-
cluding textile wastes using acid mixtures comprising water and

-40 phosphoric acid, such as'phosphoric acid and phosphorous acid,
phosphoric acid, phosphorous acid and boric acid, phosphoric acid
and hydrochloric acid (Examples 1 to 3).

DE-A 2,164,462 describes a process for preparing g-aminocaproic

45 acid and cyclic dimeric caprolactam from oligomers of caprolactam
by treating the oligomers with sulfuric acid at above 50°C, dilut-
ing with water, removing the precipitated cyclic dimeric capro-



0050/47105
DE- A 2, 440, 243 describes the cracking to caprol actam of nylon-in-

cluding textile wastes using acid m xtures conprising water and 40
phosphoric acid, such as phosphoric aciq%and phosphor ous aci d, phosphori c
aci d, phosphorous acid and boric_acid, phosphoric cid and h drochlorlc
aci d ( Exanpl eactamp ByeatingnEha éll.lf"efé?t%!lﬁgs%r"‘f YPHIS08 PEFRH9Tar i ng
[ err] -am nocapmmuientst tng d a@ﬂdleybahlélgdKh@ri@n@apﬁép%@%camcﬂ-ﬂo%io?%}@ners of
caprolactam by treating the oligomers with sulfuric acid at above 50C,
dilut- ing ydt 1981 665 dRYbES 4 RRONREAGHRE t;ﬁktdééssyﬁér répaBih ERH0e-
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375[err] C gpd a pressure within the range fromO0.5 to 6 bar, the
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di sadvantages. First, relatively |arge ambunts of steam are required for
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25 water has to be removed again later from the caprolactam, whlch
is very costly in terms of energy. And, secondly, phosphoric acid
and the unutilizable high boiler fractions give rise to distilla-
tion residues which have to be disposed of. In most cases land-
filling is the only disposal option.

30

It is clear from the cited references that a high caprolactam

yield cracking of nylon 6 polymer requires widely varying amounts

of steam and phosphoric acid depending on the composition of the
polymer material.

35 :
R is carbamoyl or nitrile in the compounds of the formula I. It
is known that carbamoyl and nitrile groups form ammonia in the
presence of acids and water (see H. Beyer, Lehrbuch der organis-
chen Chemie, Verlag S. Hirzel, Leipzig, 20th Edition, p. 252).

40 _

When an attempt is made to crack compounds I in the presence of a
small amount of acid, it is therefore likely that the ammonia
formed will neutralize at least some of the acid which has been
added, so that either more acid has to be added or the attempted

45 cracking will not go to completion.
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It is clear fromt"he Cited references that a high caprolactam - yield

cracking of nylon 6 polymer requires wdely varying anounts of steam and
phosphoric acid dependi ng on the conposi%i on of the pol ymer material. 35
R is carbanmoyl or nitrile in the conpountls of the fornula I. It I s known
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added or the attenpted 45 cracking will not go to corrpl etion.

0050/ 47105 We have found that this object is achievied by am igpreved Fraqeés

present inventé®iprepatdeng iprolpcoarsy cyehizabion loé bigihinvwiapeesitoileed in

the cyclizat 'ﬂE‘ e BraBbids of %WAREPNUY ldlefated hinpeRByeFs thd AhOtNEpreauUr €

caprol act agh ca% §£¥e écfgbﬂfyl elge &ﬁ&gaﬁgr ddiden® , PRI &Y &,ngrggégj The
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process 5 etely obviate dlsposal by landfilling.
W have found that this object |s ach| eved by an | npraov rocess for
prepari ng cap®bl sxenanipg Eyenthe F&ﬁlb‘Fa‘B‘-"é’rﬁ-’ﬁﬁﬁ r’;g ﬁPF ("ineagtgon
presence of wat ereffilueingvat pccapmlectamrandagdli qommqntésboabmgn@egb?r
absence of a cataiwysi capdodasedn qmhightbailersmpi ses a) renoving from
the cyclizggion reaction effluent ("reactlon effluent ™)

caprol act am n a{ Ganpopg tﬁaé% hloli N8- 0 ek q:craem

("hi gh boi | er 1ed r‘% ¢ 5 Hlzs! of Seage 2) % "

phosphori ¢ aci d 'and/or QF?E!IYBW gﬁogﬁh‘gﬁg‘ f581|“d§(§§ 1'T"rg Ba%%% bglgb{ler rjc
to obtain a regetdon ©ﬁf15#¢m’uéiﬁtr fpd and 20 c) separating caprol actam
formed fromsaid reaction effluent Il of stage b) and any

6- anmi nocappenkj I i s&pdradingneqpEIdcedmhigimed from Said ereacandn aeffluesedlI
In this inventi Ong tg%?%t ét ) &ﬁr%%ﬁfﬁ@c’ﬂ;ix%n@&ﬂpfé &% ol @it @fverted high

6- am nocapronitri ycllzariaon of 6-am nocapronitrile can be
Stiefin angy S dneds

carried out in th as pshase according to known

In this invention, the starting caprolactam is prepared from

25 6-aminocapronitrile. This cyclization of 6-aminocapronitrile can
be carried out in the liquid or gas phase according to known
methods, for example according to a process as described in
US 2 301 964, US 2 357 484, EP-A 150 295 or DE-A 43 19 134 by
reacting 6-aminocapronitrile with water in the liquid phase in a

30 conventional manner to form caprolactam and ammonia.

When no catalyst is used, the reaction is generally carried out
at a temperature within the range from 200 to 375°C using reaction
times within the range from 10 to 90, preferably from 10 to 30,

35 min. The solvent used is generally water, in which case the
6-aminocapronitrile content, based on the water, is generally
below 30%, preferably within the range from 10 to 25%, by weight.

When the reaction is carried out in the ligquid phase in the pres-

40 ence of a catalyst, it is customary to use a temperature within
the range from 50 to 330°C, a water quantity within the range from
1.3 to 50, preferably from 1.3 to 30, mol per mole of 6-amino-
capronitrile, and a reaction time within the range from 10 min to
several hours. When an organic solvent is used, especially an

45 alcohol, it is customary to use a water quantity within the range
from 1.3 to 5 mol per mole of 6-aminocapronitrile.
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met hods, for exanple according to a process as described in UsS 2 301

964, US 2 357 484, EP-A 150 295 or DE-A 43 19 134 by reacting
6-am nocapronitrile with water in the | igui d phase in a 30 conventi onal
manner to form caprol actam and anmmoni a., . Wien no catalyst is,used, the
reaction is gEhdSacuFtemaTy d@rotbe cygkizatieRpsagtdrs GftHent farshide Per om
200 to 375[ erwduBegsupgby edicttiiddation |t rempyei ammand ay; avigfee @gth 20Yt o 90,
preferably frewrgaict eoBBent35 Miencatdlyystgl W €ninys pdesengetrertdlel povedrer, in
which case thgrogudd: 281 GeraIy! LépdateRNEesh  t 2 SAProNadttin W9t 8he o5 the
general ly 5 REl O30 "he BAHLLAR! YodddiUg 1hDE GANIGCHE LR A Bacesh. e
wei ght . en. 1 ction. s carrl out i %Q Lqui d phase int e
a2t S0P B I

ere
pres- 40 enceH9% cégfgf?%tca‘,m it Pﬁnﬁ?s]tjgnﬁf’?v?%: "W
the range froff5W Epeabion Sught 8¢ Fakidilefion tinte PHEerkaff@mrBRick 1 3 (o
50, preferabl yhdnr @avail8ble 0, podym@cizatibs td Bramprdycapralagtemitril e,
and a reaction tine within the range from10 mn to several hours. Wen
an organi 31§01y &Nrkfelsed enpRRenbAL | Y6-AthifScab iR 16t id Sldtb@MRIth L O
use a wat er a4 net ; ti¥1 Wné hi:%%g;:&%%%gasingf ngér]bg%ntegug ggil_al%rtsr.ml e of

6- am nocapronitrilé. 5
It is customary for the cyclization reaction effluent first to be worked
up by distil | Bhe gieacsior iy CaxFied| Ut gy &he ahiwidy Phage pihitemperaeiies The
catal yst, if fuom genesablyild0t ke B20tmnprepexahigt fremgbékrtal 2¢03epaheat ed
fromthe caprptada® by esreerafllyheithin anet eaRje frohnods el toeey e, i nto
the cyel ! zal| Gredeadhg' erdh Soo kbHo Cﬁohﬂlﬁécisﬁdnida%eﬁﬁéé_r@d ne eaRugrisd by
| act am whi cher?%ure ttﬁgﬁ %Q/%%%%I%ég%o'?&%#%nrégi Igetdl%,%"ﬁ %‘ gﬂ"g:i rﬁqgtla Bhder

pol ycapr ol act &9 copditions smploypdy @?Pgiﬁﬁﬁgﬁ'ﬂ?e AP IRAF oYt FRRES jiFom
reacted with 1 tetl@0,i preferablyufaophhde 99y respraiaddyeficemus &at 60 ymins.
The reacti a0 I sder cade®utesidenhe timps drpmhatetatl Ot mipehatel proven feam

general |y 140pi&tedd0sheridfentir ef erably from 160 to 280[err] C, the 15
pressure is generally within the range from 100 kPa to 25 Mra, preferably

from500 kPa to 15 MPa, and .care_has to _be taken tq ensu t.hat .t h
reaction m xt%ﬁ’% a\“kouﬂseﬂgrﬁ%tfﬁt PeT i R & °§ﬁd%r &atl%éloggﬁg?éﬁgﬁggeléI%eyne_d.
The resi dence®¥3 s a@eﬁ%‘?‘%ﬁl%"ﬂa%@%’f rsherably fresh 0.4 89 LB} 1 BERATL to
90, especi 8F| gid¥lgmfromol 68 A P20 I n some cases residence times from1l to
10 m n have proven com pletely sufficient.

The 6-aminocapronitrile is advantageously used in the form of a

from 1 to 50% strength by weight, especially from 5 to 50%

strength by weight, particularly preferably from 5 to 30%

30 strength by weight solution in water (in which case the solvent
is also the coreactant) or in water-solvent mixtures. Examples of
suitable solvents are alkanols such as methanol, ethanol, n- and
i-propanol, n-, sec-, i- and t-butanol and polyols such as die-
thylene glycol and tetraethylene glycol, hydrocarbons such as

35 petroleum ether, benzene, toluene, xylene, lactams such as pyr-
rolidone or caprolactam or alkyl-substituted lactams such as
N-methylpyrrolidone, N-methylcaprolactam or N-ethylcaprolactam
and also carboxylic esters, preferably of carboxylic acids having
from 1 to 8 carbon atoms. Ammonia can also be present in the

40 reaction. It is also possible to use mixtures of organic sol-
vents, of course. Mixtures of water and alkanols in a water/
alkanol weight ratio of from 1 to 75/25 to 99, preferably from 1
to 50/50 to 99, have been found to be particularly advantageous
in some cases. :

45
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The aihount of water used per nole of 6-am nocapronitrile is gen- erally
at’least 0.01 nol, preferably fromO0.1 to 20 nol, espe- 25 cially from1l to
5 nol . The 6-am nocapronitrile is adgant ageously used in the formof a

from1l to 50%,st.rength by weight,.especially from5 to 50%  strength by
wei ght, part i%_'ullir Pg’“bJr%%/]eYr é’ﬁ’gﬁll?]r%rﬁns Pf‘&“%%@i%dmsfl?gnb‘m GAmiBPEARTO-

sol ution in vtEL1e] ASv#RlYENtade Yokl &6 veagtant. s also the coreactant) or
i A wat er-sol vent m xtures. Exanpl es of sui tabl e solvents are al kanol s

such as net hegymplekhafHetetogdi€ous datBL9PEEUhich- caf&e used #Rcidadut anol
and pol yol S5 siiciyias gh&ic or hRYhEAS 1Y XSS‘:QEeé"E’f sRmE 2 ié}é{ér&%eog' Yol

hydr ocar bons as, 35 _petrql eum et her enze, tQl uenge, ne, | actans
such as pyr- sse%%:?_lgl’i(tig%lre&)(?rr gguf, a{%atlwﬁ?u%l‘?ﬁ&?’guggﬁ?‘ﬁfeég g‘é;aﬁ’r’é’ 5 88h
as N- met hyFHy s PRRy, “ﬁgﬁgﬁmﬂ' CFI8r RPLOR FFife et MMHAYRoPREdMEID and
al so car boxyl9%idesptr8ilisaaf diakide ¢fs parobesnyid ciddcas dmsidgeca gék,om 1 to
8 carbon at onkiatémavadds cartal, squartpoesabktures kbedfof £aisbobxidds ioF al so
possi bl e t Do UstalsXbel €fe FecBhfard Gik@h- subgd&iY of Che GUHIBAicM a1y %ﬁfﬂf
water and al kanqlitahfuf dfxaHe, PG, 46 Aokl LR Al LL2E S 1AL 20
to 99, preferc%blé rom .l to 5%7 to 99é have gen ound “to be

parti cul ar |y SaUaR: dyestfe, 21pG e . mapganese oxide VodhXrpEHs thereof.

6 It is sith & PYSpRRESIPLe o Jisenoxpfes of (e Lastianidesoangrasti-
nitrile as scligesy auchwds cerivmonige,. thoriymaxides prfadesdymige ecide,

cat al ysts ¥hisaAmardombexidesd rhnel esdech mined dbxidebagi fivturE habesd€ wiehdes
of some el emiyHes a@bréhéntions8CoRhed Niekdmpled VY EhrfReP HrQIPsLL WHIR
.Periodic Tablcff'an SHCRs@F are:Cal Ci um oxide, magnesi um oxi de, boron oxi de,

al um num oxi de, tin oxi de or silicon dioxide as pyrogenic silica, as
silica gel, di at omaceous earth, quartz or mxtures thereof, also oxides
of 10 netal s ‘Gmadiums@eided ndoRivn (pxidegr HXer SifRe Faramigimc oxids o modwh-
as titani u?@ dlemximdexidgwryungaten aaxigieavaseixingiesr theted., Miktures betweam
di oxi de, zi ncheXostedesmgrioned Cateld ikbwhse (pdsaiblberseife sulfides s s2l180
possi bl e t0 ysiedXhHE St 1urh8es aidiARISSn@NL1AG i de, i Q@ien§&%,h nfdiyb-
ceri um oxi de.q il LU A3, IunBLASe AFLHD OXid3nel S0P ARIIM KIS, AT e
earth m xed oxl de.or m xtyres e]éeTo wth the ar or enent i ofed SX des.
Exanpl es of_ f%FPﬁ‘éPmc%‘Eeal Pst ~ can be used are:

The aforementioned compounds can be doped with or include com-
pounds of the 1lst and 7th main groups of the Periodic Table.

Suitable catalysts further include zeolites, phosphates and het-
30 eropolyacids and also acidic and alkaline ion exchangers, for ex-
ample Naphion®.

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

Depending on their composition, the catalysts can be used with or
without a support. For instance, titanium dioxide can be used as
a titanium dioxide extrudate or as titanium dioxide applied in a
40 thin layer to a support. To apply titanium dioxide to a support
such as silicon dioxide, aluminum dioxide or zirconium dioxide it
is possible to use any method described in the literature. For
instance, a thin titanium dioxide layer can be applied by
hydrolysis of organotitanium compounds such as titanium isopro-
45 poxide or titanium butoxide or by hydrolysis of TiCl; or other in-
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vanadi um oxi de, ni obi um oxi de, iron oxide, chrom um oxide, nolyb- 20 denum

oxi de, tungsten oxide or mxtures thereof. M xtures between t he oxi des
mentioned are |ikew se possible. Sonme sukfi des sel e- ni des and
tellurides such as zinc telluride, tin séleni denum,sul fi de,
tungst en sul f PEEANIQ, EALARIUR COmPRRRAS . Athdsah = P%?ﬁgﬁf"u?ﬁ’ H=E &Fgﬁnﬂg‘hm e.
25 The af odboride eedd. conpounds can be doped with or include com

pounds of the 1st -and 7th main groups of the Periodic Table. Sui t abl e
catal ysts furghes, 'é?xciltugfez&ﬂdﬁohﬁas O HRabAF1 il dietle, S Eional yaErate and
al so acidic anrgdaéek hlln {__9& exchangers for ex- rrpl e Naphion[err].

I f desired, Se cata S nay I ncl ude up to 50% by wei ght each of
copper, tin, zinc, manganese, iron, cobalt, nickel, rutheni um

pal | adi um pl Geivabhe §PPP@¥t%rarlehB€IV@ﬁﬁ5' extpadatRe 0F SAPIekS Pfc6H503| tion,
t he catal yst saferenentiseddvextitiesr themsgkvesupraothgipstableexidest snek as

titani um di oxgdei & d&exm@d Hfe suppoits asedntah de dadexhacitgiorons ts im-

titani um di,gx Ef’@vé‘%le' fdsi o;_.@ n layer to a support. To apply titanium
di oxi de toda ugport suc as silicon dioxide, alum num dioxi de or
zirconiumdioxide it ossi bl e to use any net hod des d.

literature. F&p @ qu@ﬁanﬁﬁg ferred; AMPPALHRn é T API0R #E’gﬁ B‘S 5?5 I i ed

by hydr ol yslézed igr ghaoliquid phreeipbihFaterat &levp 8ﬁ|‘iﬁﬂﬂe§6‘p'}lﬁe 45
poxi de or titepthontcatsldet by heahiog clry siqgueochs Hadytdon] obrb6-mmiapcapro-
0050/ 47105315 nitrile in the liquid phase without ddditllcgabifCatcdtliysm in a
conpounds. It réécéérs QPREEARR 911 tnﬁx'ﬂﬁfeti téﬁ?ﬂs‘i‘.ﬁh.né"é@é‘e‘ﬁ%lﬁﬂ .of watkhpr

t abl
itrate.  GHPEERIESRRNY & Mk pRIkERL a‘mg‘% L HiEbE ‘Z%‘? ‘ofh Hlfs

af or enent i one&rﬁﬁ?lﬂ'&d £ %EP% {'ffit‘c’){'h’esr %FEBF% iFE: %ﬂc & BT con
di oxi de. The tdppbatky preferablibdnnabecamanitopsr Htm 119 itRr 139, RsBeSishty mass
transport. 20 frbi 20 fuer Lhe; mokfofr watlee rgrodimodat of G-aminocapraritnilee ¥

cy- clizedghRaifar iagddud siRtioh hofed-ainiabe proraiitad 1eenper at ur e
wi t hout catal yst by heating an aqueous sol ution of 6-am nocapro-
In a further preferred embodiment, it is customary to use from 5
to 25 mol of water per mole of 6-aminocapronitrile, in which case
25 the solution can generally be further diluted to 5-25% by weight
of 6-aminocapronitrile by addition of an organic solvent.

Examples of suitable solvents include:

30 C;-Cs~alkanols such as methanol, ethanel, n-, i-propanol, butanols
such as n-butanol, isobutanol, tert-butanol and sec-butanol, gly-
cols such as ethylene glycol, diethylene glycol, triethylene gly-
col, tetraethylene glycol, ethers such as methyl tert-butyl
ether, diethylene glycol diethyl ether, Cg¢-Cip-alkanes such as

35 n-hexane, n-heptane, n-octane, n-nonane, n-decane and also cyclo-
hexane, benzene, toluene, xylene, lactams such as pyrrolidone,
caprolactam or N-C;-Cg-alkyl-lactams such as N-methylpyrrolidone,
N-methylcaprolactam or N-ethylcaprolactam.

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

The reaction is preferably carried out at a temperature within
45 the range from 200 to 370°C, preferably from 220 to 350°c, par-
ticularly preferably from 240 to 320°C.
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15 nitrile in the liquid phase w thout addltlon of a catalyst in a

reactor to obtain a mxture | consisting essentially of water,
caprol actam and a high-boiling fraction "h| gh boilers"). In this

preferred enbodi nent, water is prefe rab%%r used i n excess, par- tigularly

preferably i nTaf ZEARTHORO L S f FHTHORGTASY 1 r‘@QpQBFa‘I"HFrzéuP EATERPRNET 160,
nmol  of water PEPSHY® GﬁGGPE%MﬁPBﬁFQHX deing chosan sighip thausenge
sol uti on of 6faomn®clapoo/Dt rpteferablyl firam fSurtbh2s, ME dmr edckerdodiymehat it

I s customary ffleUs€adti®M mixturtd 1%559@fe1§€blwat1ﬁr tReriplia phase.
6- am nocapr itrile, in which case 25 the solution can generally be further

diluted to %b f 6-.am noc Ptril addltlon of an
organi ¢ sol veﬁ?‘ g‘n%lué% (gpeé’&Ft SRFE %ﬁgn?g &f?clc& QReN PYpcess
Clerr]-Cerr] PaFRﬂ‘h’%ﬁrss &0ehissIREIRAAY| Vitdtimatbe, r#nge fXpPobAia 180ut BFRIT s
such as n-but &evably sfolom dAote A0r mibuimndie sadesef -the sznot;mg:)qs process s
such as et hyl enetii e, offi Shdvleaneegbyion timekset tiyd arieldl Yyenerall§l de- :
tetraet hyl ape cgbysad, nﬁf‘l'i@rﬁoﬁ&h racPEbh W infeQr EePé!Eéflly le88 &S +1di gbhyaene
glycol diethyl;efhef, t ?u%ﬁ.é]so ]g ﬁgggnes such as 357n-hexane, n-heptane,

n- oct ane, n-nonane, ecane an 0 cycl o- hexane, benzene, tol uene,
xyl ene, |actans such as pyrroli done capr ol act am or

N-d err] -  er Fheaf¥sALza4dPRNES Rreferabhy rarEiedy e | gsdsuocusly, prefer-

N- met hyl capr okbtyain g thibelay|csmtoracimmtirded| vessdly birea emidoiohateon,
fromO to 2% tpecésfably fromO0.1 to 2% by wei ght of anmoni a, hydrogen
or nitrogen can be added to the =~ reaction m xture. The reaction is

preferabl y Cal’rgé ! %&oﬁ %{Tpaelr gSgéecéMj%d oid® Eﬁecr}%gge i %rﬂléoga&é’

?Zggnerzﬂ)ct Opgg e;.‘f'? 1on tJ.me HHsysk ?T%g within the ranger?ro erably

8 The reactP nmiI-IS- customarl |y carried out under superatnospheric
pressure, td0e pressure generally being chosen within the range fromO.1

to 50, preferabbyeffritn® 18 génerdiay & midure vBNsidwing esb&ftiAAG ben
mxture is pr%ﬁ:s\ﬁa?d Yed @skhepiéfaya%lphef&n 800 to 9341€ HLURLLRD 4 WardePeyls
et A Y S BoibERERRr R BROF S5 50 ﬁgfgifm ﬁg%n'sst%easéa'@w&gmn he
o L0 e Bittute ConainLin Saesht Lt & FBSBL0 A AOR-Y o oF -
general | y @& low-boiling fractions, especially aminocapronitrile and the cor-
responding aminocaproic ester, based on the caprolactam-including
mixture, of from 50 to 95%, preferably from 65 to 90%, by weight
of caprolactam and of from 5 to 50%, preferably from 10 to 35%,
by weight of a high-boiling fraction (”high boilers”).
30
The process of this invention comprises removing, in stage a),
from the cyclization reaction effluent (reaction effluent I)
caprolactam and also a further fraction having a higher boiling
point than caprolactam (”high boilers”) by distillation, prefer-
35 ably by fractional distillation.

In a preferred embodiment, the distillative removal of capro-
lactam and the high boilers is preceded by the removal of ammonia
and, if desired, water and any solvent present and/or unconverted
40 6-aminocapronitrile by conventional methods as described for ex-
ample in US 2,301,964, DE-A 4,339,648, DE-A 4,422,610,
EP-A 659,741, US 4,628,085 or US 4,625,023. In a further pre-
ferred embodiment, water, solvent if present and 6-aminocapro-
nitrile are recycled back into the cyclization stage. Ammonia is
45 generally removed from the system.



10 creases, \/?/rcllﬁoca/qi7c}r?gser reaction tines generally lead to the form-

tion of troubl esone oligoners. The cyclization is preferably carried
out continuously, prefer- ably in a tubular reactor, in stirred vessels
or- a conbi nati on 15 t hereof. ~The cycq i zation can al so be carried out

bat chwi se. | [Fhehhigk egilers: fatyeducedopnte e $ighshhkers) FraFtns trrat-
range from 3Gent of €3Fenb). c&) further efmpuise: mppomeiriar gabyobagtiam, ufer
consi sting ess@mbial f3om010.1 t6r5oe B9 weifBl) empettanby rbmoh® 8b t4D%9bYG by

wei ght of watgy ofRd paseiPlbhehe AiGHOBb21d:: Ri%upseferably from5 to 20%
by wei ght a mxture consisting essentially of fromO to 10% by wei ght

of 25 | ow boi li ng_fractions, especi all.y am nocapronitrile and the cor
&

respondi ng amnfoBiBh FellesFepre Hrsatedn (FFRFEY BFSRTHMS K81 bt gnven-

m xture, of fhiom Bith cBEhopiefagishppdfepREyPhesporigpchd; gFite phosf

caprol act am pmbrat &cidmisedocsNthe patber fibde dr aquébus Eh®sphoric meidei ght

of a hi gh- boidde#grbhéetisPiyiveR € didnheesmierci@l 859 Nerrn@eRSBy Gfeilghits _

i nvention ﬁprm{uieggg éﬁg&;ﬂ'&g_c Ly $tage a), fromthe cyclization reaction
(reac e ent 1)

ef f | uent I on caprolactam and also a further fraction

havi ng a hi gher boiling pai nt than caprol actam 5‘ hj gh boi | ers"%1 lgly
di still ation,Ther amepot of a6id (Sprkqulatednas WO pridiibfhe case pf, phos-

preferred emphdirdienacidhdsdcustomanilye fremo¥ll &0 E@prhy weighhctREAfgNd t he
hi gh boi | er s dmaypfFeerdedD ot R e wmeight of parmienilarly prederablylefiared,. 03

wat er and S el Y8Nby RiASMR, BasKPlonURAE WESH biderS-wEdiocapronitril.e by
conventional nethods as described for ex- anple in US 2,301, 964, DE-A

4,339, 648, DE-A 4.4 6.10, EP-A 659, 741, US 4,628, 085 or.. 625, 023.
In a further ?Pehlggf‘?%’rjlregﬁ §ﬁ5‘6]8’r'}99r?%, Z%? eFIVelb O3S Gyl gis?eéll%t %%d '

6- ani nocapr o-from ARG |t 3R e RrefeFaBLE IETOM 80P (fe T 3PP Lot PRR LFUIRF LY

Anmmoni a i s Apmpdecably yEraendeed frodRof@- system - 0050/ 47105

9 ° The high boilers introduced into the high boilers cracking treat-

ment of stagepdy) ¢aBkirg LR CusOomdH S8 FRASIEY idutCap! 8| pdsiirel Withirexhep! e

fromo. 1 1o Sidd) ei6h iy 185061 diday, braBsdbiy £18 5 kpa'b0560 WA5Ed On
e hignher céarti%ug2§i§”6%eferably from 80 kPa to 200 kPa.

25 In a preferred embodiment, the high boilers are cracked into
caprolactam using 85% strength by weight phosphoric acid (0.075%
by weight of water, based on the high boilers mixture) without
additional steam.

30 In a further preferred embodiment, superheated steam is passed
into the high boilers mixture and the monomeric caprolactam
formed is separated by distillation together with steam from
phosphoric acid and remaining high boilers.

35 The temperature of the superheated steam is generally within the
range from 180 to 400°C, in particular from 200 to 350°C. The
amount of water introduced in the form of steam is customarily
from 0.05 g to 20 g of water, preferably from 0.1 g to 10 g,
particularly preferably from 0.5 g to 5 g, per g of high boilers

40 mixture.

The residence times are chosen as a function of temperature,
pressure, acid and water quantity, customarily within the range
from 0.1 to 7 hours, preferably within the range from 1 to

45 5 hours.
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The high boilers are treated (cracked) according to this inven- tion with

phosphoric acid and/ or pol yphosphoric acid. The phos- phoric acid used
can be water-free or agueous phosphoriclﬁcid. Preference is given to

usi ng comrerci al . 85% stren%th b% wei ght ~I0 a}ﬂiéeous,ghosphori c acid, The
amount of acifPTEREFEOTe dBCasTeRRHCPd Fie Thahc RO 18¥S pHdd. an fishi ¢ acid)
i s custonari leppecdad by whasphepis meige ipgdt polirrifosphorigAgids,r ean PO Faro 2%
by wei ght, pariteidcoharbatqhwdber ablgorftinmm@sDB. 15 to 0. 1% by wei ght, based on
t he high boilers used. The high boilers cracking of this invention is

carried Outg e c&fogg{géﬁgﬂ{ ?Eé%gt%% %59{116{51542 Zgragﬁcgfxgr@f’ l%ﬁfgfagg?l} Zq0hers] C to

330[err]C, partic r " r r rom Ol err 0 . ..-20 .
Thor o1 nek, o icaies s ahich, Zecpitarmel asooh HameBs saldh s Shhlseiil i
from 10 kPa tdudenpRallyasounsp| 9f & RIBOCRPECHIFTEAS - kPa, particularly
preferably from80 kPa to 200 kPa. 25 In a preferred enbodi nent, the high
boilers are @ aekelwisé Procesdptan ard earySed putsFost exangille by neatdiny a
phosphori c;@GiitthPe08P%Righ BYivVEFHhin aEia@tégpeéng SHodpherht 9l ker s
mxture) wt h: lét d si?g&i'rtéa%@&lms{ ra&ﬁge l r':l.r?cfcoldhzzﬁ§ ﬁf %frﬁ%‘ra@gd steam

mi s S'Sedcf‘grl Q the 0i

! 9
nbod t, .St tuf
o e Mo norAle LSELE by, Eaf, res BA9 AR RS APLPEARER -

t oget her wit HidEdadm ardaterphBseRalt iac catumm H@cednan rthe) erghobATEPP- 35

The t enper at radndhgt Acbahpsr pradect Topprisingensvizkiive i ingonherted haghe

from 180 tps A¥illerk] &nd idtidanbedl|THe boetor GSrdducis0arvd Cepétedly awount

(23‘;) V"ag?rv\g?gn%&rieﬁni&‘ ilt&feffgém é}ﬁboﬁitﬁ@m:i.sﬁ'&ust'flﬁ@ri% é’is fr%%ﬁﬂ}%cgfrﬁ.ggldto

fro?n 0.5¢g tgh'ar% ,ﬂgférag)gﬁo shlg}é% %%%ne%ggiﬁ&rﬁdxttﬁfgﬁg tfg#&'gx}:g{'sft ence Y _

times are ch s a function of tenperature, .pressure, acid and water
quantity, customarily within the range from0.1 to 7 hours, preferably

Wi t hi n t he20 engentiouods tproéBss generally compriGe50f4gditg high boilers,

10 Fur t hergRysphot i€ dditirar@nbr Goliyiphobplbr itpialcedsand tdupathastéld steam
into a reactor. The reaction mixture can be separated after the
residence time into. caprolactam and any 6-aminocapronitrile and
water as overhead product and a mixture of high boilers and phos-

25 phoric acid/polyphosphoric acid as bottom product. This bottom

product can preferably be recycled.

According to this invention, the caprolactam formed in stage b)
and any 6-aminocapronitrile from the reaction effluent of stage

30 b) (reaction effluent II) are separated from unconverted high
boilers and acid used; the removed caprolactam may still include
water and, if desired, 6-aminocapronitrile, according to the de-
sired degree of separation.

35 The caprolactam separated off in stage c¢) can be subjected to
further purification steps in a conventional manner.

In a preferred embodiment, the caprolactam obtained in stage c¢)
is introduced into the workup stage of the crude caprolactam ob-

40 tained in the cyclization of 6-aminocapronitrile with water and/
or combined with the caprolactam obtained in stage a).

The preparation of on-spec pure caprolactam from the crude capro-
lactam obtained in the cyclization of 6-aminocapronitrile and the
45 added, regenerated caprolactam can be effected for example ac~
cording to the process described in US 5,496,941, which discloses
a reaction sequence of catalytic hydrogenation, acidic and alka-
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especially phosphoric acid and pol yphosphoric acid, can be car- ri ed out

batchwi se or continuously. 5 The caprolactamresulting fromthe cracking
of the high boilers m xtures, which is,obtained as an aqueous sol ution,
can still in-_, <clude small armounts of ©=am nocapronitrile. A

bat chwi se prodd88 ¢iftihldatipp &R fripor RUESSPRIBIAHERM Which meptd £PGre of
hi gh boil ers ispegéficatsinpedharespasttoofhbhe axemgters typichd dfsBecksann
reacti on tenpeapktléctam)t sadhcas pernpaghrsticeditragion numbed (PEN), lpepgathe
resul ting capig@hgdeéadbadiPptaby QuErNQERR] O-UV nufbéF| | EredNdn¥adSlatileough a

col um pl aced,gn Lhe reactor and ob- taining a bottom product conprising
a mxture of uUnconverted high 15 boilers and acid used: The bottom product.
can be repeatedly re- used, in a preferred enbodinent. For this, it is

freshly adm x&% 1s SR¥RFifigH Beat &he hiagh RpllersuBierss P the faraulacht
with st eamcan2be Ausashttionobtaiprapereiageame caldl §-animmdapsenieeiiengikhgh
boilers,  phasphoree adeve 20%l/ @ingel yYpdanpdber 6f agidhinbdaptpis dded
steam | NfeP wRiEBALE Whe HRGN' 5 RN 10T BdIE 5CBA LFeriRRar #hediAfdetent Ne
residence timg | RER%f%PJn%'eﬁgt =a”-‘?:o§ﬁ¥ 52 ”986’@[)05&{&5%'5 vé@Kben nYGLEY 23S
over head productr and_a mxturg of boj1ers an hos- . ﬁhOI’I ¥
aci d/ pol yphosgfSPIEeS I C2RTBLRE AN SPEBREION THPS - bbtdtorhhis BRI (P RAS-
preferably besibigcprdpr the gerditdiong ¢6 the Phoapheriprcidhbreaimentavyaam
formed i n st agefbyeseeabld.any 6-am nocapronitrile fromthe reaction

ef fl uent ofisstage 30 b) (reaction effluent 1) are separated from

unconverted hifgh;s 2134 ls%&ﬁr??ﬁnqﬁ%hﬁtuﬁf red RAPEEIRYEM G301 Q5 G AN MPY he

still include__. water and I r.ed, . b- nocaprpnitiile, accordi,n
the de-  si PEACHOU b SPGR1E be htainab1S wipn) Vsagr i erosBhofle Aad"dna”| |
stage c) can D& BabyRRsRpordc ackd,quABEikifg Andarfiftiedysspall water

conventional mmentities. |n a preferred enbodi ment, the caprol actam -
obt ai ned i reost age c) is introduced into the workup stage of the crude

caprol act am oljordfas & 1 &dreBebdeL LY Eihddly PRkt Eh@NpudecanEesh tehdaAnett h
water and/ QL coniined Wet byd116a03Bh04ASE LA RRRAG NRA o £51 PSR puri-

The preparati of .on- c pure caprolactam.fromthe cru apr Oz.  act am
obtalned i n t AASEbioT AbcERBsre Lt diaiE Mise i atlof HiRal 2R dier
regenerat ed ciptdPhEemimwoRAdnRess; fther 8as+%7d SPafpfication regRirfBRPtSo t he

process ded¥i bed in US 5,496,941, which discloses a reaction sequence
of catalytic Bpdmpyesati on, acidic and al ka-

Example 1
30 Caprolactam by cyclization of 6-aminocapronitrile

In a 20 ml capacity tubular reactor (diameter 6 mm, length

710 mm) packed with titanium dioxide (anatase) in the form of

1.5 mm extrudates and heated to 225°C, 70 g/h of a solution of 10%
35 by weight of 6-aminocapronitrile, 3.2% by weight of water and

ethanol (remainder) were reacted at 100 bar.

Quantitative gas chromatography of the reaction effluent revealed
the following yields: 90% of caprolactam, 4% of ethyl 6-amino-
40 caproate and also 2% of 6-aminocapronitrile.

A product stream collected over 350 hours was freed of ammonia,
ethanol and water, and the resulting crude lactam was distilled
to obtain 102 g of low boilers and 226 g of high boilers with a
45 boiling point of higher than 190°C at a pressure of 1 mbar as well
as 2140 g of caprolactam. The low boilers were essentially ethyl
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0050/ 47105 ' 11 line distillation to

obtain a pure caprol actam which neets the specification in respect of

t he paraneters typi caI of Beckmann c ol actam such as perrranganate
titration nunger (PT per man- anat’€ absorpti on nunber

number, free JA8MYRP er°@t95a%§’é‘§° verted g-ami ?ﬁ?@qﬁrﬂﬁﬁt "il??ehﬁﬁﬁh

boi | ers m xt ubeslexs tweref gppemtiglly otégemarsysed to obtain caprol act am and
6--anmi nocapronitrile wth yi el ds of above 90% Since the nunber of

6- ami nocapr oi gnaghé h@mplekSwhicH FB1Db@) i hegs b&l@sowrép%@\@r gaes the

di fferent I r %Xﬁ)
h: ghly | nvo?gﬂ%@nfdgmg gg:#z}nlin o%hn%ll or‘1i ltt ooalI at t1 EH srﬂﬁl\éﬁﬁg%gn%%_s-
si bl e under tRE® g%%%ﬁ“l i 6‘ﬁ %? t he phosphoric acid treatnent was

unf or eseeabl e. 15 It is also surprising that higher caprol actamyields
than in the Expmpbe Zart shoul d be obtainable with very | ow phosphoric acid
and/ or pol yphosphoric acid quantities and relatively small water

quantities 102@aproi\mta\ﬁasyl ¢rdQtiegesabh £n faoa%fy,uélh@t phBSpikie haggam
obt ai ned nﬁé% zf cyclization and crackingl actamfoll ow ng
puri - flcatlonﬁ% rogehation, acidic distillation, alkaline dis-

tillation) would neet the desi red specification requirenents. 25

Exanpl es ERaApI W) ;1 shregmhesksc: Sledly Wb £ibtedfodpmn, a mixture of

6- am nocapr onkbPi g eof the| high 2P itersaprepared: dhuExampleadt and (thiemdebér ré- nm

| engt h 150 shiyapaiprdlactdm tin anifumkkoxidei] pavicasehnd Nl 145 of oENBSE

1.5 nm ext rudgtgend¥ifl vyeak 8ght Hnédpherid aci@was Mmedeed.sobbtd Wk &f Fl&%é’é

by weight of {3200 @ 204 %8%0‘% £ 22802 gt@ fhbva'@tg be cpTufil tan-
5 Etas

(remai nder) were reac
the reaction BFFRFUEf 3S @ Y"F\’ée Y 3 &hge! a'g@g,gam%ycaﬁ”
4% of ethyl 6lakihet @@Péab?‘%feﬁnb (§A8- ab%f@dz%lo l%h Aaldegaprentitril e. A

product st 28am col | ected over 350 hours was freed of ammoni a, et hanol and
wat er, and thexa®sld t3 ng crude |actamwas distilled to obtain 102 g of
| ow boilers and 226 g of high boilers with a
Caprolactam by cracking of high boilers using phosphoric acid
(with steam) '
25
In a 500 ml three-necked flask with fitted column, a mixture of
250 g of the high boilers prepared according to Example 1 (mono-
meric caprolactam content: 36%) and 1.25 g of 85% strength by
weight phosphoric acid was heated to 350°C. At that temperature
30 and atmospheric pressure 500 g/h of superheated steam at 350°C
were introduced over a period of 70 minutes. The overhead product
was, after condensation, 724 g of an aqueous solution which ac-
cording to gas chromatography comprised 30.2% of caprolactam and
0.6% of 6-aminocapronitrile. 10 g of a mixture of high boilers
35 and catalyst remained behind in the reaction flask.

‘This example shows that the high boilers used can be converted

into caprolactam to 80% (based on high boilers used). It also

makes clear that only 6% of high boilers + phosphoric acid (based
40 on high boilers used) has to be disposed of.

Example 4

Caprolactam by cracking of high boilers using polyphosphoric acid
.45 (with steam)
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45 boiling point of higher than 190[err]C at a pressure of 1 nbar as well

as 2140 g of caprolactam The |ow boilers were essentially ethyl
0050/ 47105 12 6- anm nocaproate and

unconverted 6- am ngﬁﬁpr onitrile, the hi boilers were essentially

ol i goners. Hhreesnerkeh fflégFth}i i theg e dimner 8 w@weeefby

“this 5 exarrplzéof grof h‘t—:h% highi hgilempranared egording ctodeadmybe chremionos a-

~ prol actam i nmearit. caprolecaapl eoftertl Gapy GdraClagbby 6f aVKinegcd1ly GRail-
boi | ers usi ng aphespbDypiosphotic adil t(aeHEI € €2M).8 g/ml) W%.SSQQa?@d to 250°C.
t hr ee- neckeds fragkai Eé}nﬂértatt?ge %3" le?%ﬁc” Qiur I'gh

. boil ers prepar, a ;g ua cgéro actamin a
" further distild %gfelkg% ) dqtfaQS @ere %F8 ‘FF& gT b Sfhori ¢
aci d was heat édo¥E8- gT*b*f oyepRe™ Rroduck; asr éfGP§t¢¢n¢§PSGVéPnat1075 g of
250- 270[ er r ] Cap0 2guedns scdasdonfwhighyapcexding topgastehremabofeaplyCeomwhi ch
vere found by pgdsedh2 it ofr agbyolartafChhdle .23 816 Jaminoeapteh A, (6046

based on hixh d#0k! Righ Wadkrsfatal yeromPkurd remagﬁ’ep& (ﬂe%(ihanlpytdg agking of
hi gh boilers W§ipR9¢ phoric acid (wth steam

t hree-necked flask wth fitted col urm a m xt ure of 250 g of the high
boil ers prepared according to Exanp (nono- nmeric caprol actam
content: 36% T&ﬁdeip%@“&"gf shaws stthaén‘g'hﬁ high bojdermtusefospnore comyedteds
heat ed to 350 ipter¢aprofacthmt to dfifer it uabsBMaked alewmshati only IS BiEeh b
g/ h of supesheatterst@mmedt oR SNkt boileis qulht DERGR™IYVEEs PPl 8O
70 m nut es. T@esgaqsﬂead pr oduct was, after condensation, 724 g of an
aqueous sol ution which ac- cording to gas chromatography conprised 30.2%
of caprol act ag and 0. 6% of 6-am nocapronitrile. 10 g of a m xture of
hi gh boilers ?gaﬁﬂjae cat al yst remai ned behind in the reaction flask.
Thi s exanpl e shows that the high boilers used can be converted into
capr ol act a0t &hg060q Infs wesddudialitaivedicins Axsegle 4 tfcllloeing tKkedghl Boil-
that only 6% efshéxckinigl @ish pdllyphpEphoiAcicld(has ata48 aamhiah waeh! ers
-used) has to beodyg0eBigh boilers mixture (monomeric caprolactam content
90 g). The caprolactam recovery was carried out as described in
-Example 4. The caprolactam yield minus monomeric caprolactam al-
25 ready present was 89%. 11 g of high boilers remained behind in
the reaction flask.

Example 6

.30 Caprolactam and 6-aminocapronitrile by cracking the high boiling
caprolactim(6-aminocapronitrile) (1) using polyphosphoric acid
(with steam)

N NH — (CH, ) sCN

(1)
40 _
(1) is formed according to WO 9636601-11 by heating 6-aminocapro-
nitrile.

A 500 ml glass flask was charged with 250 g of caprolactim-

45 (6-aminocapronitrile) and 5 g of polyphosphoric acid. The mixture
was heated to 250°C and 125 g/h of superheated steam at 270°C were
introduced. The gas stream leaving the reaction mixture was col-
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Exanpl'e 4 Caprol actam by cracking of high boilers using pol yphosphoric
acid 45 (wth steam 0050/ 47105 .
13 In a 500 mM three-necked flask w fitted colum, a m xture of

250 of the high boiler prepared accor to Exanple 1 (nono- meric
caprgl act am cgﬂ%é‘?ﬂ andgdiaquetied.o€ § He]&?%@mi‘él? r&\‘?SF{an efflygpt in
pol yphosphor i ¥high d&ldenef tgaprolagtanni §lagas - heat el ungonsef ted jsCart Sngit
t hat tenper at matemied ando3Ibherg ofpbeasincrapronihi ¥ weresdipsydigededwbicam
at 300[err] C vgheeddH iadueesl K @onePeéd Gthtef caprol 6Qdhs - THO &85 BeeLh
product vass giéf& £0R48NAd Uoah@E2ofl Fliue o8l ANUARYS93Q: ULT ON WhI Ch

according to gas chromatographly com prise capr ol act am and

0. 2% of 6-am nocapronitrile. 6 g 10 of a high boilers/catalyst m xture
remai ned behi B¥MRL& He reac-  tion flask. The experinent shows that

t he high boilers used can be converted into caprolactamto 90% It al so
makes cl ear thedduntipndef obntipgie tapbelddiam bhagerl fikathen O mikeLt6s of
quantity ugediydpszdtdobcafh ScrackiRgSesbtdm.  Exanple 5 20 The 6 g of
resi due obtained in Exanple 4 foll owi ng the high boil - erﬁ graf:kl ng with
ol yphosphori ¢ aci d S ain adm xed with 250 of a hig oilers
ﬁix%lgre Frmno@é‘?i?p&gg?ﬁ?%h% dRfEHRR WasQGa{jmdf%é‘tcﬁb‘Pb}%thyaﬁPrecovery

was carried ob¥amRleddsefi Bed 496, BAhn(REe 185 4aprol actam yi el d ni nus

nononeri c caprolactamal - 25 ready present was 89% 11 g of high boilers
remai ned bebiay iProdudtienr efcdydlizhkask.caprolbsesml e 6 30 Caprol act am and
6-am nocapronitrile by cracking the high boiling o . .
Sonr o) 2t DL6- am AREUYANLLELOE N dothm! B DoRHEBROSRNY1 6068 Fxamp! | by
st eam 35 cvelizati e ré_ . Leril Ti0 . .
yclization o aminocapronitrile over TiO;. The cyclization
effluent was first freed from ammonia, ethanol and water by
20 distillation. The resulting crude lactam was then freed from
low boilers and high boilers by distillation.

b) Production of cracking caprolactam

25 The caprolactam-free high boiler obtained according to Exam-
ple 1 was cleaved back to caprolactam according to Example 4
in the presence of polyphosphoric acid and steam. After dis-
tillative removal of water, the crude caprolactam is freed
from high and low boilers by distillation. '

30 '

c) Purification

1000 g of a mixture of 900 g of crude caprolactam obtained
according to a) and 100 g of crude caprolactam obtained

35 according to b) were dissolved in 250 g of water. In an auto-
clave, the aqueous solution was admixed with 3.5 g of 5%
strength by weight palladium on active carbon and hydrogena-
ted at 80°C/5 bar for 4 hours with stirring.

40 After cooling and decompression of the autoclave, the catalyst
was filtered off. The filtrate was passed through 1 1 of strongly
acidic ion exchanger (Amberlite® IR 120, H-form) over 0.6 hours
by the trickle method at 50°C and atmospheric pressure.

45



. 1
40 (1) is foc?rsr?e( 7ag(?ord| ng to WD-9636601-11 by heating 6-am nocapr o-

nitrile. A 500 mM glass flask was charged with 250 g of caprolactim 45
(6-ani nocapronitrile) and 5 g of pol yphoighori c acid. The m xture was
heated to 250[err] C and 125 g/ h_of superficated steam at 270[err]C were

i ntroduced. TIf&egaen s?’f‘%ﬁlmpéa%fﬂglecnﬁewﬁéd&’i%wﬁktﬁr% ofad5¢oftrength

0050/ 47105 aqueous sodium hydroxide solution. The watertwes dndgtillpdifédin6
h yielded 970 ag a@kti Pratiioancolimmiaiaiving 2 thevrelti¢8l platescapralmidapresl so

5.1 g of unCO%\(&Et &# 4% Halr"Gnd a Bkebheritathrd & Of346cam nocapronitrile

wer e di ssol v§e whi ch can each in turn be converted into caprol actam
The caprol ac am 5 %I eldis 66% the ro&lljct of - val ue sel ecbl vity 93%
Exanpl e 7 I8, §0BETPHh SO UBR- etichy PAtES c 5he AT PEPUr es
~of 10 cycli zatduet @fidthe eﬁ?—KBthq’ W\as freeth£rempkls davabrplers iatai BRadas
- carried out sipresanty dfh 4 mbExaamd @ bobfon) temperd86r&4df (1BECAOS5 000 41) .

15 a) Production of cyclization caprol actam The cyclization lactam

~vas producegh %QOFQ{:% oﬁgggpérﬁ theb¥ cond colot! %zétdl%l(ifled 1n a th:er

- 6-am nocapronltrl e ove [ CEI zation ¢
freed from amfSAPE" RRHA% °re[tl g%es Ak 8 ?ETJ Lelg e resu %I ng

- crude | actam \ﬁ&é Ph’é‘h“f%é&mi’?ﬁ?ﬁure of ?%\ﬁ'bél F%T'% é’rf'd ﬁ? ‘Fn FRRTOAA
~distillation. were @istkldédceoverhesd dP8&ki ‘P@Sﬁtﬁa}?ﬂopa’é@%rﬁangla@aﬂme The
- caprol act am f paeehlgbttdamidbeninéd diate dhacfol hwigngt data afanalytical plexhbdeas

cl eaved bacis tseeCBRr pdAqiodMuageording to Exanple 4 In the presence
of pol yphosphoric acid and steam After. dis- tillative renoval of
wat er, the crude caprolactamis freed fromhigh and | ow boilers by
distillation. [30 | Example 7 | DE 195 000 41, Example 1 | BASF specification
PAN: 25 15 4
20 |PTN: 2.5 1.2 -
free bases: <0.05 meg/kg <0.05 meq/kg <0.1 meg/kg
volatile bases: <0.5 meq/kg <0.5 meqg/kg <0.5 meg/kg
Uv: 25 ' 2.5 -
25 |

Example 7 shows that on-spec caprolactam can be obtained even
from caprolactam mixtures comprising caprolactam regenerated by
cracking of high boilers with phosphoric acid and water.

30
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45
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c) Purification 1000 g of a m xture of 900 g of crude caprol actam

obt'ai ned according to a) and 100 g of crude caprol act am obt ai nefl 35
according to b) were dissolved in 250 g D€ . cl ave,
t hé aqueous sol ution was admi xed with 3. 5{9 0 “EHG)SHEET HA&BEﬁﬂth by wei ght
pal | adi um on active carbon and hydrogena- tBEPhACEﬂ)[.err] C/5 bar for
4 hours with 3t cipi®: 40 After cooling and G&COm he

. autocl ave, the catal yst was filtered off. The f||trate was passed

. through 11 Oﬁ.St@p@QBMess fﬁ% Ekép&f&h§3 §8Qéﬁtéhﬁggeégéif%éégoé29f H-form
gyg;sgrg hou s sb_xg‘é 81 VB 1109r3" prOadilde 508 TRICV Eed toms
i on exchanger ef f PF&R uﬁ%sar?]; BJThHE tH‘F%%"SW?E’%S&‘F@nﬁf H ca&&&@%ﬁsa%ei um
hydr oxi de sol uti oBCLlYRBt nthdichygampings [ed off in a distillation colum
having 2 theoretical plates at a head pres- sure of 48 nbar and a bottom
tenperature of 134)er kkfioving frolNtRe S&fA1Ga€Obh NFedtd b Je APl ddMRON eLb LAl
plates, thegottom prejon Qfﬁue@xft fhg dd x%tlaﬁejn’dnghd’v%ilf E&g_[&)gern(?:@ boeL 1
boilers at a head E‘?gﬁ&e‘:h g?g.l[ atnd ottg}mmng}ag
143[err]C. 10 The bottdm product e distilled in a
third colum having 15 theoretical plates. At a head pressure of 5 nbar
and a bottom t enp&lat freabing Sdechigle baikeysabf oftaarr ay witph alhewsphoric wer e
distilled overhead (98%idbasbbropotyphitssphariol acidit. £Toe 20Qwoe 35atd B

obtai ned has the fol | eptagn datr@ac8ieh VéiQakentihodmdl> see DE 195 000 41):
Exanple 7 DE 195 000 41, Exanple 1 BASF speC|f|cat|on PAN

. 1.
ig free basesé) segﬁr?)%mr?e QRrOIaCtéa' Ggrﬂ%%/ﬁ{é’m said Q??"flﬁﬂq?ﬁﬁl“ent
vol atile bases: <0.5Imedf gage ek §-aminocaprgnityily |fgom ungen-
2.5 2.5 28erte | Bo¥lesmandt paid orseshec caprol actam can be
obt ai ned ewdn
2. A process as claimed in claim 1, wherein the treatment with
phosphoric acid and/or polyphosphoric acid in stage b) is
carried out with from 0.01 to 10% by weight of phosphoric
acid and/or polyphosphoric acid, based on the high boilers
25 used.

3. A process as claimed in claim 1 or 2, wherein from 0.05 g to
20 g of water per g of high boilers is introduced into the
reaction mixture of stage b) in the form of superheated

30 steam.

4. A process as claimed in any of claims 1 to 3, wherein ammonia
and, if desired, water, and also any solvent present are
removed by distillation before the distillation of capro-

35 lactam and high boilers in stage a).

5. A process as claimed in any of claims 1 to 4, wherein the
caprolactam separated off in stage c) is, if necessary after
removal of 6-aminocapronitrile, combined with the caprolactam

40 of stage a) and, if desired, the combined caprolactam is
worked up in a conventional manner to on-spec caprolactam.

) Th”lslliiﬁtliiﬁlnﬂl Ilmll RE) ) MY
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fromcaprol actam m Xt ures conprising caprol actam regenerated by cracki ng

of " high boilers with phosphoric acid.and mater. 30 35 40 45
0050/ 47105 W claim 1. A process for preparing caprolactam and
conponents boiling 5 “hi gher than caprol actam ("high boilers") of the
fformul a | [err] 10 where R is carboxyl, carbanoyl and/or nitrile

or, when al coliebaration of capféPadta@dfasmselanifbeaprodiitaidgcl i zation of
6- am nocapronitrile, additionally and/or an ester group 15 n is an

I nt eger fronb£s¥9ag9, but the average value of n over al
.conmpounds |_is Iess"than 5, by cyclization of 6-am nocapronitrile

in the pre§%nce of
A process for preparing caprolactam by cyclization of

6-aminocapronitrile in the presence of water at elevated tempera-
ture and in the presence or absence of a catalyst and a solvent
comprises
10
a) removing from the cyclization reaction effluent (”reaction
effluent I”) caprolactam and all components boiling higher
than caprolactam (”high boilers”),

15 b) tréating the high boilers of stage a) with phosphoric acid
and/or polyphosphoric acid at from 200 to 350°C to obtain a
reaction effluent II, and

c) separating caprolactam formed from reaction effluent II of

20 stage b) and any 6-aminocapronitrile from unconverted high
boilers and acid used.

25
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wat.er. at el evROS®AIHOH ature and in 1 'he'"", fesence or absence 20 of a

catakyst and a solvent, which c "MU" ) renovi ng caprol actam and
hi gh boilers froma reaction 1'!,“,_,,1‘““ I , I ! la("reacti on effluent 1") of
the cyclization, 25 b) treating t he i gsn boilers of stage a) with from

0.01to 10% by wei ght of phosphoric acid and/ or pol yphosphoric
aci d, based ome tdilaibkgh boilers used, at from 200 to 350[err]C
to obtain a reaction effluent Il, and 30 c) separating caprolactam

forngd frOﬂ]Sfid_ gﬁ%&ggg fgfléfgﬁ%rang caprolacgg%sﬁﬁQESR%gﬁgﬂgﬁgxaéf%ﬁ d
G P g e e 4 AFFRLECER™ A "Iigby B AT SEEHG, F4m9Be © ooy

of water per g of high boilers is introduced into the reaction

m xture of stage b) in the formof superheate st eam 3. A process
as clained in claim1l or 2g, @m) annoplangnd, (ch,40—r desired, water,
and al so any solvent present a renoved by n dZISti |l ation before the
distill ati%l of caprolactam and high ‘boilers in stage a).

2 4. A process as clained in any of clains 1 to 3, wherein the

caprol actam separated off in stage c) is, if necessary after renoval

of 6-ani nocaprhafet Ri 136 cashbknbd carbament andoy| aitmiie or, whex alicepels)
and, if desired, the axerhsaddas alveatsain ithebcyclizayiondoBp in a
conventional manner teLamind8&frsditralastafbitionallP and/or an ester group
15 n is an integer from 1 to 50, but the average value of n
over all compounds I is less than 5,

by cyclization of 6-aminocapronitrile in the presence of
water at elevated temperature and in the presence or absence
20 of a catalyst and a solvent, which comprises

a) removing caprolactam and high boilers from a reaction
effluent ("reaction effluent I”) of the cyclization,

25 b) treating the high boilers of stage a) with from 0.01 to
10% by weight of phosphoric acid and/or polyphosphoric
acid, based on the high boilers used, at from 200 to
350°C to obtain a reaction effluent II, and

30 c) separating caprolacﬁam formed from said reaction effluent
of stage b) and any 6-aminocapronitrile from unconverted

high boilers and acid used.

2. A process as claimed in claim 1 or 2, wherein from 0.05 g to

35 20 g of water per g of high boilers is introduced into the
reaction mixture of stage b) in the form of superheated
steam.

3. A process as claimed in claim 1 or 2, wherein ammonia and, if
40 desired, water, and also any solvent present are removed by
. distillation before the distillation of caprolactam and high
boilers in stage a). '
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4. A process as claimed in any of claims 1 to 3, wherein the
caprolactam separated off in stage c) is, if necessary after
removal of 6-aminocapronitrile, combined with the caprolactam

of stage a) and, if desired, the combined caprolactam is
5 worked up in a conventional manner to on-spec caprolactam.
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