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RECOVERY OF [err]- CAPROLACTAM 5 The i nvention
relates to a process to separate [err]-caprolactam from an
aqueous m xture contai ning e-caprolactamand at |east 0.5 w %
ol i gomer s. wo 930028 10 Such a process is known PEEMAIR35495016.
I n this patent publication a process is described in which

6- am nocapronitrile is converted into crude [err]- caprol act am

by reaction with water. The RECOVERWQOF g—-CAPROLACTIZMjueouS m xture
conprises amoni a, [err]-caprol actam and 15 oligoners. By first

separating amoni a by distillation an aqueous m xture is
obt ai ned c®nprising e-caprol actam and said oligoners.
Subsequently [err]-capr@haciavension relates to sepapaked ftoomthis m xture

by distillatiQapardtWheCBaprolactam £rom Mh [Rfdelbusapigkackam and water is
recovered as the tq

. 20 roduct . and .ol i go ) e recovered in a
concent r at ed contalning E'ﬁ??fﬂ%%ﬁ%ﬁ?&ﬁﬁq ﬂﬁ@ﬁ%cgg% wth
A di sadvant ageldigomers.process is that at the hi gh reboil er

temperatuggs of the di Skbkhahi BPofghs™e known from USHRLEkoEaPEO! At am will
easily convert to nore ol 25 yte according to

. I goners (2 . W . % abs
Exanpl e | of G§Q§-§@§§6f6?8b11°3t£°n a 9‘?5ﬁ§%uﬁﬁn9@§cfdgﬁgnQnthb?Bes and
ot her process é—-aminocaproniggiiipmbat chwmeattsed dmtsoldceidel eat i on of the

ol i gorers caprolactaf®BPoteREc 8881 LYt RAUAR] The resulting The
object of the invention is"a process f 30

or . t he segara&ion of
[err] - capr ol a@@RMSHMEIHESUECRPXE PR Ammonia, e-caprodaGEpl; apd,) 5o
ol i goner s16n wiliigjonteyes .albyvEinsht sepadating ammonia by distillation .

an aqueous mixture is obtained comprising e-caprolactam
and said oligomers. Subsequently s-caprolactam is
separated from this mixture by distillation, in which
the t—caprolactam and water is recovered as the top

20 product and oligomers are recovered in a concentrated
mixture as bottom product.

A disadvantage of this process is that at the
high reboiler temperatures of the distillation column
g-caprolactam will easily convert to more oligomers (2

25 wt.% absolute adcording to Example I of US-A-5495016).
Furthermore fouling of pipes and other process
equipment because of solidification of the oligomers
cannot be easily avoided.

The object of the invention is a process for

30 the separation of g—-caprolactam from agqueous mixtures
comprising also oligomers in which the above mentioned
disadvantageé are avoided.

This object is achieved in that the
separation is performed by extraction using an organic

35 extraction agent.

It has been found that extraction is an
efficient method of separating t-caprolactam from
ocligomers in agueous mixtures. Furthermore the
oligomers are obtained in an agueous mixture which can



di sadvant ages are avoi ded. Thi s object is achieved

in that the separation is perforned by extraction using an
organic 35 extraction agent. It has been
found that extraction is an efficient net %P’H?% aratlng
[err] - cHO3R@8 am from —obigoners in aqueo‘ﬁ {

Furt hernore the oligoners are obtained in an aqueous m xture
whi ch can WD 97/ 30028 - 2 -

PCT/ NLO7/ 0843311y £d9eRES] brobbddie s PIAGARALO Y el d more [err]-
capr ol act am traction is a known nethod of separating

[err]- CRRFFIREEREM from the reaction mixture obtained by the 5 Beckmann
rearrangement of cycEstgaahéonxisea ndwn methodf ofi gepsratbngoteum After

neutrali Zatc'a%ofl%cttlaﬂx fromdtﬁ€h@éﬂ@@xé&%ﬂ:@k’?ﬁ%ﬁ%ﬁﬁza&%@t b?”tHéXt ure with
amoni a | act am | e¥§cated romthe a nium . sulfate

by extrﬁct@@ﬁ&wpﬁﬁ éﬁaﬁfaﬁﬁﬁﬂegB lqpsrane PFiFERYERB. No ol i goners are
fornmed in tshilfuyriccesdd or oleum. After Inewddiltizetibo phetBecknann

rearr angemgﬁ Marged %&Qk%ﬂﬁééﬂ@ﬂ@ Pééé‘ﬁéxp n{ﬁrt%]:ec%ﬁli:ﬁ' akhadialhere are
further nt hési s routes (fg Q&@pro actam Possi bl e

rout es mhléﬂ‘ |%39Tﬂ§ﬁléﬁﬁéﬁuésnF§P% SJECRIYM on of
6- am nocaprsnltfaam byaexdesctibadwith Uth organi-cd 33004@tandutheaseacti on of

6 am nggapiiddid © NS ol igoiBES! hPEUrbiindd!S Al priRaLEoNed US A 5406941,
Because the by-product spéectrum o ere descri bed Rrocgsses differ

conpl etely from that %% ﬂﬂgﬁfﬁ°8a§PoFBﬁt%ﬁﬁ mann rearrangeme

cyclohexanone oxime to g-caprolactam, there are further
synthesis routes leading to g-caprolactam. Possible
routes wvhich yield an agueous mixture are the

15 cyclization of 6~aminocaproic acid as described in US-

A—4730040 and the reaction of 6-aminocapronitrile as
described in the earlier mentioned US-A-5496941. '
Because the by-product spectrum of the here described
processes differ completely from that of g-caprolactam

20 prepared by a Beckmann rearrangement, it was not to be
expected that extraction in general would be a
favorable method of separating e-~caprolactam from 66—
aminocaproic acid and from oligomers. US-A—-5495016 only
mentiones distillation as separation method.

25 US—-A-4730040 mentions the extraction of e~
caprolactam from aqueous mixtures containing e-
caprolactam using chloroform. This patent is however
silent if g—caprolactam can also be separated from
agueous mixtures also containing oligomers.

30 US-A-3485821 describes a process for the
preparation of e-caprolactam by heating an aqueous
mixture of é-aminocaproic acid. In the examples e-
caprolactam is isolated by extraction with chloroform.
Only in Example 13 of this'pétent publication some ’

35 polyamide is also present in the aquecus tg—caprolactam
containing mixture. No extraction is performed in this
example to isolate e-caprolactam. The polyamide was




20 prepared by a Beckmann rearrangenent, it was not to be expect ed t hat
- extraction in general would be a favorabl e net hod of separating
[err]-caprol actam from 6- am nocaproic acid and from ol i goners.
US- A- 5495016 only mentiones distillation as separation nmethod. 25
US- A- 473004%0 smsbisons t he extraction of [err]- capr ol RETERTPWA aqueous
m xtures containing [err]- caprol attanTusi ng chloroform This patent is
however silent if [err]-caprolactamcan al so be separated from
aqueous m xtures al so containing oligomers. 30 US- A- 3485821
descri bes a psepasatiedr frpm the agueps Mixhnref by- capldbhacandén by heating an
" agueous Adltda® 1@k .6- am nocaproic acid. In the exanples [err]-

cdprol actamis isol ated e Lo w th chlarofor . ly-in Exanpl e
13 of this patent publi é%txpo?l&%%%b 3‘25%%‘7 yaerﬁ glei s?xgrfnggtb?%s%lnt in the
aqueous [ err] wadgrolsedulie amidesnt 3ueh s ri~caprolambamxtraction is

performed kn tPYtyramideShddPhevhPel Sl @ £ 0 laxC AQLebast Afktdhe pol yan de
nas \NgidgiﬁTQ%ﬁ phenol solvents as the extraction %

PCT/ NL97/ 00033*%* o 8¢ 8BRS g% s2PaPated fromthe
aqueous m xt urkhigy pad@ntnubhgcationpenkionm a wide range of Lbpean013640

flesc]ri bes treaﬁi&r@aﬂi?waaﬁi_des vHRER' o8| B | sxtailicdRd. SUCRadS
errj-caprola : UL Yr - er al a eous
it e o ests nolo tk] B BepBied MRS SR BT n e RO ROERO
pat ent puBPi cRe FHRIRIREVIAY seppratpdnfromrothareamides gughchelic ami des

whi ch can be extiguieat. It was
The oligomers are generally oligomers (dimers
and trimers mostly) of é6—aminocaproic acid or of 6-
aminocaproamide.

is The concentration cligomers in the agueous
mixture is higher than 0.5 wt.%. Preferably not more
than 10 wt.% and most preferably not more than 5 wt.%
of oligomers are present in the agueous mixture.

The invention relates especially to the

20 separation of g-caprolactam from agueous mixtures
obtained in (a) a process to prepare e-caprolactam in
which 6-aminocapronitrile is converted into crude e-
caprolactam by reaction with water as described in for
example US~A-5495016, (b) a process to prepare g-

'~ 25 caprolactam by cyclization of 6-aminocaproic acid in
water as described in for example US—~A-4730040 or {(c¢)
in a comparable process as under (b) in which the
starting mixture comprises- 6—aminocaproic acid and 6-
aminocaproamide.

30 The aqueous mixture obtained in processes (a)
and {c) will also contain ammonia which is a side-
product of the reaction to e—caprolactam starting from
6—aminocapronitrile or 6-aminocaprocamide. It is
advantageous to separate the ammonia prior to the

35 extraction, for example by distillation or steam
stripping. In the distillation any unconverted 6~
aminocapronitrile (in process (a)) and part of the



therefore not to be expected that [err]-caprolactamcould 10 be

" succesfully separated from other am des such as ol i goners.
The oligonmers are generally oligoners (diners and trinmers nostly) of
6- am nocaproic acid or of 6- am nocaproam de. 15 The
concent r amaviedEsgoners in t he aqueous m xture is hi FEEMNLOHENE3D 5 w . %
Preferably not nore than 10 wt. % arfd ost preferably not nmore than 5
wt . % of oligoners are present in the agqueous m xture.

The invention relates especially to the 20 separation of [err]-caprol actam
from aqueouswatfruvekl genexaldind® iseppaptadpasceebli oty epare

[err]-caprol aghaghtfation W Hhd-2EapROARERAN] [ bhLidSa O VI ted into crude
* [err]- cag:gl gctggl byagiedact | q:rlovmaég Wgt_er . as desgrlb d i rhrfor

exanpl e US- A25288038 °15)2% Dr SEESEPo“8r &para T e 22 e &t ol act am by
cyclization eligomefsotapkhs @ansans mixturgapbta bnedosfirébaandm amor exanpl e

US- A- 4730040 mioh§a sepaldt Forf GHRAr A 9_:@559935§yaﬁ1%m;eru{4}) gy which the |
starting m xt gge conprises 6- am nocaproi c acid and b- am nocapr oami de.
30 YE®The aqueous nixture obtained in processes (a) and (c)

wi Il al so contain ampiiatheievernts thadi dbe aquepusduittwdfe ti® reaction to

[err]-caprol ggtaihebastaPdidd FRom 6-RmAMoREpRBECNALIA! §r HWixtures .
6- am nocaproa%n gg. !lt 1S . adé/a ta £QUS t.o segar ate thetf;;mm)nl a prior to
the 35 extr8&t PoR™ PFEF2RE%hpI % Io‘i/] adibsti PAPPERAPEPARER&m EB® Siripping. In
t he di st19| acpodithpnanebnyech pradess argnpnefapabhitas|degemiimdcess (a))

and part of pheow. WO 97/ 30028

PCT/ NL97/ 00033 Preferably the concentration of ammonia and

ammonia egquivalents is below 5 wt.%. With ammonia
equivalents is meant that every mol of a compound

15 having a —C(0)-NH,; group is calculated as a mol NH,. The
total molar amount of NH, thus calculated can be
expressed in a weight % of NH,. This number should be
below 5 wt.% and preferably below 3 wt.%,

The concentration of e~caprolactam, 6-

20 aminocaproic acid, f-aminocaproamide and oligomers is
preferably between 5-50 wt.% and more preferably
between 10-35 wt.%. The concentration of e-caprolactam
is preferably between 5-30 wt.%.

The temperature is preferably between 270 and

25 350°C, more preferably higher than 290°C.

The pressure is preferably between 5.0 and 20
MPa. Normally the pressure will be greater than or
equal to the resulting pressure of the liquid reaction
mixture and the temperature employed.

30 The reaction to e—~caprolactam can be
performed continuocusly. The agqueous mixture obtained in
the extraction according to the invention is preferably
recycled to the cyclization processes as (a)-tc) here
described. It has been found that the compounds, for ' d

35 example 6—-aminocaproic acid, 6-aminocaproamide and
oligomers which are present in this mixture can react
to e~caprolactam in a high yield. Thus by using



-4 - water will generally be separated as well. The

* concentration of the [err]-caprolactam optionally 6- am nocaproi c
acid, optionally 6-am nocaproam de and oligoners in the agqueous m xture
obt ai ned after such an 5 anmonia separation will be preferably higher than
10 Wt Yowo 97730028 In the event that the aqueous MCTNISZ0(033
obt ai ned starting from 6-am nocaproic actd or m xtures of
6- am nocaproi ¢ aci d and 6-am nocaproamn de, the 10 conditions of such
process are preferably as described bel ow. Preferably

t he concentr ati*éfastigAnbaAi Asakate c-eapEliactegupyaPERRRIGSIHWNTR 5 W . %
Wth amoni a streagui¥ab@BbSobsaimediwliiti caveby sabceffa@lrpnpoatd 15

" having a C(Qk Nﬁh?é%%fg?ﬁyg LS gﬁ#&*&é?é%las a nol NH[err] The tota

mol ar anount oOf Us car can be gressed in a weight %
of NH err]. This number T8Roafidees phagr|ehtadnRd dfahBe pPEEEAGHISN bel ow 3

wt % 5 will coﬁhﬁlﬁoﬂieaéﬁaisOaniﬁoﬂﬁﬁdthQQDSOhﬁﬂhaﬂapﬁbaﬁihe
am nocaproi ¢ aci r oam i gomers is pref erably

ca
bet ween 5-50 W* Aféng ﬁﬂ?@oﬁggfgfﬁb? betmeen 10-35 wt. % The
concentration of [err]- &éprskhc%eﬁ#on aqenqnﬁﬁ<ams§pyabérmeen°€9§ﬂﬂqm.(y

The tenper at urlvenRl @hgcabiy bebyesit L2 PNitmdsc iB28[ €Lt hGra e £
pr ef er abl y hlqper %@%Qnéggﬁfkbl ffcz?}F is here @LQgtpgggéuéﬁé'S preferably

bet ween 5.0 and pressure w il reater than or
equal to &Re Musthuren§fpraganie 691?ﬂ§tI¢Qﬂu%Pﬁwa§@PP&ﬁ mixtwr&ture and the

tenperature emg¥dsyad id0two segregatedNEhdAALiatorhbOek€EAEL LAPr Ol act am can

e racthon oo et IUR BhbeoTRE) BULEQ il Wl o8BI 3POHndle ene N

extraction accor nventron | t he
cyclization pﬂU§E§§g§nﬁs°@afh€c?xh§?@t1°n U%§Kﬂi@é@heFttha§ %@éﬁtf%und t hat
t he conpounds,addmoi® ptafRrablyalbsscold®izo ad.& .6- am nocapr oam de and
ol i gomors,ghich are preggbihie! Blfr Ab¥ ol Gditlts’ 836! aromatic
solvents, for example benzene, toluene, xylene; ethers,
for example diethylether, methyl tert-buthylether;
Preferably chlorinated hydrocarbons with 1 to 10 carbon
atoms are used. Examples are chloroform,
20 dichloromethane and 1,1,1-trichloroethane.
Another class of preferred extraction agents
are phencl and even more preferred are alkyl phenols. A
preferred class of alkyl phenols have a bociling point
which is higher than that of e—caprolactam. It has been
25 found that e-caprolactam can be separated from
especially oligomers, using this clags of extraction
agents.
The extraction agent can preferably be an
alkyl phenol having a boiling point higher than the
30 Dboiling point of s-caprolactam, which is 270°C at 1
bar. Alkyl phenols have a high boiling point at
atmospheric pressure. Therefore, boiling points are
advantageously compared at reduced pressures 6f, for
example, 1.3 kPa (10 mmHg). Caprolactam has a boiling
35 point of 140°C at 10 mmHg, while dodecyl phencl, for
example, has a boiling point of 190°C at that pressurse.
By preference, the boiling point of the alkyl phenol is



to [err]-caprolactamin a high yield. Thus by using WO 97/ 30028
*PCT/ NL97/ 00033 extraction to isolate [err]-caprolactam a val uabl e
recycl e streamis al so obtained which can be succesfully used to

prepare nore [err]-caprol actam The aqueo h btai ned in
the ext r¥OS7@%W?% wil| contain oliggngrg and optionalIyﬂéyﬁﬁgﬁﬁ%gproanide

and/ or 6-am nocaproic aci d. The extraction agent is
preferably an organic sol vent which is substantially inmmscible with

wat er . By syhstantially immscible is here neant that the 10 m xture
of organic:%ﬁ%%ua L °Pﬁe¥§éﬂeﬁﬁ§ ﬁ?x?Tﬁ%?cularﬂegﬁfﬁsggﬁntﬁﬂ°§ﬁgregated
_phases at t¥eGhigheri than theeapprolagtam Padfldngbpeinbeatuludl sol ubility
unger the kPa qqrwbl infnﬁi@r)i S Qﬁethggeitigﬁ}ﬁiiﬁbit&xe’"‘@forhhghgbiib 30 ;Nt‘%;

and nore prefera ess n % . o ossi ble extraction
agents are pﬁ%ﬁfg the a%gpgeﬁ g?&o?’s M dW 52 fle Fgf‘ﬁgne, xyl ene;
ethers, 5 pHenolepreflegadilyt hgl nohcazeokrdnic ittt isuchpkelhetanm.

Pref erabl y whhaiddintosd 191 0paERENS ¥ah Milsd BelQsearbon  atons are used.
Exanpl es are ChlorOfﬁégké r omet han 1,1- rkgggoroethane.

0, dichl and 1,1, 1-t
Anot her class of pre Yéx?bﬁ&??ohséaﬁﬁﬂéi sg%%&ﬁ&“ﬁﬁgn nd even nore
preferred cone akyorshaislyd. ghoups. pthé crotl clumberobfakkybophenol s have a

boi | i ng poifioms ofMind a1yl gReLp(E7N: 4 e rdAN botaeql 8Ckgm It has
been 230 ToUNY A0& Jddrard0 Be2ChaN 630 PS8R 8 LhdMiric
alkyl phenolic cbmpounds include dodecyl phenol, octyl
phenol, nonyl phenol, n-hexyl phenol, 2,4-diisobutyl .
phenol, 2-methyl-4,6-di-tert-butyl phenocl, 3~ethyl~4,6-
di-tert-butyl phenol, 2,4,6-tri-tert-butyl phenol, and
15 mixtures of any thereof. U.S. Patent No. 4013640
discloses additional alkyl phenols, the complete
disclosure of which is hereby incorporated by
reference.
More preferred extracion agents are (cyclic)
20 aliphatic organic compounds having one or more hydroxy
groups which are liquid under the extraction conditions
and substantially immiscible with water. Such
(poly)alcohols have preferably 5-12 carbon atoms. These
extraction agents are preferred because they have a
'25 Dbetter extraction efficiency than the chloronated
organic compounds and are more inert than most of the
phenol like compounds as described above. These
extraction agents are furthermore preferred because
their use does not result in any environmetnal
30 objections. Preferably one or two and more preferably
only one hydroxy group is present. Examples of
compounds having two hydroxy groups are hexanediol,
nonanediol, neopentylglycol, methyl~methylpr0§anediol.
ethyl-methylpropanediol or butyl-methylpropanediol. !
35 Examples of compounds having one hydroxy group are
cyclohexanol, 4-methyl-2-~pentanol, 2-ethyl-l-hexanol,
2-propyl-1i-heptanol, n—octanol, iso-nonylalcohol, n-



especially oligonmers, using this class of extraction agents.

- The extraction agent can preferably be an al kyl phenol having a boiling
poi nt higher than the 30 boiling point of [err]-caprolactam which is
270[err]C at 1 bar. Al kyl phenols have a high boiling point at

at nospheri cwi emoepse. Therefore, boiling points are ad PERMNLIHUWEEY v
conpared at reduced pressures of, for - 7exanple, 1.3 kPa (10 mrHg).

Caprol actam has a boiling 35 point of 140[err]C at 10 mmHg, whil e dodecyl
phenol , for exanple, has a boiling point of 190[err]C at that pressure.
By preference, debglbdebhol pmd mixdfurdwe ofl Rjihepheand bsanched Cy—WO 97/ 30028

PCT/NL97/00033alcohols, mixtures of linear and- b@anched Jﬂi%%hbﬁén about
* 5[err]C, and in ticular, nore g“%b hg Her _than t he
caprolactamboPPF‘n@“ﬁB}‘ﬁ?saﬁPflhﬁPeaI %Ffﬁc 9“”? OBBbEr linmit to the
nor mal boi | i ngMixtupesnbf othé Nebate wentioneld atcabols dW[£rsd Ge The al kyl

5 phenol prefegallyy i's non-azeotropic with [err]- caprolactan1 M xt ures

of al kyl phenol's can al sQ be used. al kyl phenol is phenol
substituted with one%Bfo e %qwu%maﬁgrem@n‘m%# hifber of carbon

atons of the akkmpungsoup(syambngradmyaaiilde bauweenoﬁxéﬁméib ek ettt e
preferably betugeng9 pléfeg¥§$¢%55 égf ggghgk vag wpenol i ¢ conpounds
eno
Sothin

i ncl ude dodecyl phenol, oct nong g hexyl £henol
2, 4-di i sobutyl SAPTOIASKAR © 9456316”%18 po uPS’ﬂs?)l‘Féﬁﬁﬂ‘ W&t hyl - 4, 6-
di-tert-bulgl phamabt13p4 Bhisiig4 dvdecdusdey/|papltendl thané~ 15 m xtures of any

thereof. U S BaligRkablPoahPd864P3 its oligomers tend to be extracted
by the alcohol phase. A back wash can be performed by )
extracting the alcchol phase containing the e-
caprolactam with water. This can be performed in a
15 continuously coperated process by adding water to the
top of an extraction column while the aqueous mixture
is fed at a lower point of the column. The back wash
can also be performed in a seperate column.
The amount of organic extraction agent is not
20 particularly limited provided that the advantages of
the present invention can be achieved. The upper limit,
for example, is not believed critical but depends on
process economy.
The extraction step is carried out at a
25 temperature which is highar than the melting point of
the organic extraction agent. The temperature of
extraction can be generally between room temperature
and 200°C and preferably between 20 and 170°C.
The pressure during the extraction step is
30 not generally critical and can be, for example, between
’ about 0.1 MPa and about 2.0 MPa, and preferably,
between about 0.1 MPa and about 0.5 MPa.
The extraction can be carried out in well
known extraction apparatus, for example a counter
35 current column, a series of mixer settlers, rotating
disc contactors or pulsed packed columns.
The extraction step yields a eg-caprolactam-



di scl oses additional al kyl phenols, the conplete di scl osure of which is
her eby i ncorporated by ref erence. More preferred
extracion agents are (cyclic) 20 aliphatic organic conpounds having one or
nor e hydr oxy groups which are liquid under the extraction conditions
and substwatohsdokas | Nmi scible with water. Such (pol y)RCRAHATI08O3Bay e
preferably 5-12 carbon atons. These - 8 extraction agents are preferred
because they have a 25 better extraction efficiency than the chl oronated
organi ¢ conpounds and are nore inert than nost of the phenol |ike
conpounds ascéesimnirf oxlyerdc Phase whicRX!iRGditadgeebataifsi upt hernore

preferred begc thejr u s not result in any environnetnal 30
' -obj ecti ons. eﬁf”?elgagr%to'l%y J(;;E"lea"’o’:rca't%vc\:/t('}‘g‘)*glr’ld nore preferably only one hydroxy

group i s present. Exafffit®r &be extgaapdoRds—tARAHFAS Bpdr BRy groups are”
hexanedi ol , recovershalion thicepganikbgbyepact @i hgentebly kpeepanedi ol ,

et hyl - metzhyl %ﬂﬂﬂ% Mol £Yles pgﬂgﬁg | anpl es of
conpoundné; haé\/)él g on_{egxﬁ)}n %‘)?%édrlggge%?él?mg cyc .oﬁea%ai%g] aﬁé

4- net hyl - 2- PRt iom. Anpfierablaydiseillation pigaged:. Bspeaallvn- oct anol ,
i so-nonyl al cwibent ,a rhigher boiliWg 9#t3802Bon agent is used as

PCT/ NL97/ 000 é%c:ibed ove. - 7 - decyl al cohol and

m xtures of Tinear an ranched Clerr]- al cohol's, mixtures of |inear
and branched derr]-alBhatganic phasgi isupesterablviasusedd ibr khehed

Clerr] -alocohgkeractiodMadadminy tihenabeueenendn ONBI o¥laeehebs can al so be
avoid a build-~up of high boiling products in the
recirculating organic extraction agent a purge or a
separate purification may be performed.

The liquid e-caprolactam obtained in the

15 distillation may be subseqguently further purified as
for example exemplified in US-A-5496941.

In one preferred embodiment, the purification
of the extracted and distilled e-caprolactam comprises
the following steps:

20 1) contacting e-caprolactam at from 30 to 80°C and
from 0.1 to 0.5 MPa over an ion exchanger
containing terminal acid groups,

2) treating the mixture obtained in step (1) with
hydrogen at from 50° t¢o 150°C and from 0.15~25 MPa
25 in the presence of a hydrogenation catalyst and
3) sgparating water and other light components by
distillation

4) isolating &-caprolactam by distillation.
The order of the ion exchange step (1) and

30 hydrogenation step (2) can be reverssd if desired.
Steps (1) and (2) can be optionally performed in water
or another solvent, for example the extraction agent as
described above. This purification procedure results in
g—caprolactam of very good quality. The ion exchange

35 and hydrogenation treatment are known methods for
purifying e-caprolactam obtained by Beckmann
rearrangement and can be performed by these well known

T Y et denit sl
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5 used. When t he aqueous m xture contains high anount s of

-6-am nocapr oam de and/ or oligoners thereof it is preferred to performa
back wash on the [err]- caprol actam cont ai ni ng (poly)al cohol phase
after thgxé%%‘ﬁ raction This is because part of the 6-pcrnNLI7/00033

am nocapr e and its oligonmers tendgta be extracted by the al cohol
phase. A back wash can be perfornmed by extracting the al cohol phase
containlng the [err]- caprolactamw th water. This can be performed in
a 15 conti nyousdys operated process by adding water to the top of an

extraction colum while the aqueous Is fed at a | ower point of
the.col um. The back WAsR secgegnpéFg%IB% FERRes L n t g ®seperate col um.
*  The anount oéu:nﬁﬁnutnqndnma¢hpodiagéhledss*nxpnylacpamtusuhahigvednited

brovi ded t haby | Sy ANANANBOkn o phbEeH G orddBhbHgeadnBe achi eved

The upper or exanp not critical but depends on
process on%ﬁ¥5t311129d e"capr°1¥ﬁ§a§xf?%&%ﬁkﬂgsﬁﬁﬂ? cenggpEFaBigEt at a 25
tenmperat ure higénealliyghairfikaenthe petéi vy ywiviedodirectlipe organic

bt een roon B s A et S B ey B8 Aty 3B ?ﬁsg?%éﬁ' 26 and
170[err] C. ‘the mother liqupge re§§ﬁréxﬂ%P}%g ﬁ?ﬁ?%%%@ﬁaé &R &§B&p is 30
not gener al | gguedds cxblwdrichrc befloee tbe exergdteiorhetivkemhe alkpdut 0.1 MPa

and abouly 2. fndhés . 2f)tb Mt likuor caR® ag';@ﬁfég 4, 2ot Wianghd apout 0.5

he extractign can in we
extraction aPBareRRs, °§(91§5&%ﬁﬂ é98-count er current colum, a serles of
“m xer settlers, rotatiThe invetitionsowialtoos mﬂ gluicsieid tpdc ked colunns;

The eXtraCtiﬂ@aﬁée@fy%ﬁ3(¥%fid§%5§]hﬁﬁpieb@Pié¥?ve examples.
The composition of the resulting mixtures of

15 the experiments are sometimes expressed in mol
percentages. The molar percentage of a component is
represented by the molar fraction (* 100%) which can
theoretically convert to e—~caprolactam. For example, 50
mol S—~aminocaproic acid and 25 mol dimers can

20 contribute to 100 mol. e-caprolactam. The molar
contribution will be 50 mol% 6-aminocaproic acid and 50
mol% dimers (totaling 100 mol%).

Example I
25 200 ml of a mixture of 20 wt.% e-caprolactam,

0.6 wt.% oligomers and 5 wt.% 6-aminocaproic acid in
water was mixed well, long enough to reach equilibrium,
with 200 ml chloroform at room temperature and 0.1 MPa.
The water phase was separated from the chloroform by
30 phase separation. The water phase was again mixed with
200 ml chloroform as above and separated from the
chloroform by phase separation. The two chloroform
phases were combined and analyzed by high preésura
liquid chromatography (HPLC). The water phase was also
35 analyzed and the partition coefficient of e—caprolactam
was 0.74. The partition coéfficient is defined as the
concentration in the organic extraction agent divided
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- contai ning organi c phase which, in general, contains up to 50 wt. %
[err]-caprol actam After the extraction [err]-caprol actam nmay
be recovered fromthe organic extraction agent by known 5 separation
met hods, {Je7R¥aEP!I € distillation and extraction. Pretenablnbess
distillation 1s used. Especially -when-a higher boiling extraction agent
is used as descri bed above. The organic phase is

preferably reused in the 10 extraction according to the invention. In

ectroulat i By an onteneiatIon il Bie Mebuddis RiAGICLT I@1ndey),
"puri-ficati orfngg%e‘rb@ F&P%é&.i‘ms‘ No detgc"aq’elﬁénﬁ“d\}i @%[ &7r] - caprol act am
obt ai ned i n anindk@mpraiist ialclidt bonoildygober s ubs dpEntdty $HuwhkeEopndi fi ed as

for exanpl e gxafy idH194 deidrdSphagd 6941, In one preferred
enbodi nent, the purification of the extracted and distilled
[err]-caBroIactan1conprises the follow ng steps; 20 1) contacti ng
[err]-caprolExanphentI¥ rom 30 to 80[err] C and from0.1 to 0.5 MPa

?vertan igﬂ exch?nger Example I wsgtnkabaiﬁ'ga_tq]m Qﬁ'clﬁ%i:@mg'i:gﬁﬂﬁ’. t f2)
reating the m xture obtained._in, step rogen at from
50[err] to ]fﬂﬁe??ﬁ?f%ﬁﬂf'FF@ﬁFG?iQ?SSW%ﬁaOgég’ No deqﬁ?tﬁﬁggpresence of a
hydr ogenat i camauntalofsté-caminocapgpic sepdrat i olgigurtesrs a¥d OeBRer | i ght
conponenles by, %) was fouldlin kbl @Rchlordmethds®!giddid [err]-caprol actam

by distillation. The order of the ion exchange step (1) and
30 hydrogenation step (2) can be reversed if desired. Steps (1) and
(2) can be cExammbe |ITDHerformed in water or another solvent, for .

exanpl e the extracti orgadfille 8 was repeated with methyl tert-
butylether. The partition coefficient was 0.1, No

15 detectable amount of é6—aminocaproic acid or oligomers

{< 0.01 wt.%) was found in the tert~butyvlether phase.

Example IV
An aqueous mixture containing 15 wt.% 6-—

20 aminocaproic acid and 1 wt.% ammonia was continuosly
fed at a rate of 630 g/hr to a plugflow reactor {(almost
no backmixing) at a constant temperature of 300°C
(maintained with the use of an o0il bath), a pressure of
10 MPa and at a residence time of 30 minutes. The molar

25 yield to e—caprolactam was 81 mol%. 12 mol%s cligomers
and 7 mol% of é—aminocaproic acid and 6—-aminocaproamide
was present. 200 ml of this mixture was subjected to an
extraction as dascribed in Example I,

The partition coefficient for es-caprolactam

30 was as in Example I. No detectable amounts (< 0.01
wt.%) of é6—aminocaproic acid, 6-aminocaproamide or

‘oligomers were found in the chloroform phase.

Experiment V :
3s Example I was repeated using the aqueous

mixture obtained in Example 1 of US-A-5495016 named
"mixture 1" containing 90 wt.% water, 7,6 wt.% &-



descri bed above. This purification procedure results in
“[err]-caprolactamof very good quality. The ion exchange 35 and

hydr ogenati on treatnment are known net hods for puri fying
[err]-caprol actam obt ai ned by Beckmann rearrangenent and can be
performed Ryobiseem wel | known WO 97/ 30028 PCT/NL97/60033

PCT/ NL97/ 00033 nmet hods. - 11 - In a second preferred

enbodi ment, the purification of the distilled [err]-caprolactamis

achi eved by crystallization in a process of concentrating. The 5
crystallized eagaplatbanadnd e54 twihs Nign eoatensr abl gomers).s Mmneral |y
suf ficiently gike;wo&ecﬁf&%&@wr e=capfbigbeahyslaldd zaf ion it my be
necessary to puri e not her 11 quor , Tor ‘exanple, recycling it to
t he aqueo aE‘Bf(ﬁtFo‘h"‘Ee‘?%r%?’ﬁfet é&‘f’?‘/*ﬂﬁ thhlqlhg'?% 387 10 phenol .
The not her |i qodigomeardp guré-famihodapradcaaplid was Houmdairs tdie
distillatign. hﬁ roform phasd/€ inventions wll now be el ucidated by

means of the fo Pomnng non-restrictive exanpl es. The
conposition of the resulting m xtures of 15 the experinments are sonetines
expressed in mxbkmple PErcentages. The nol ar percentage of a conponent is

represented by the nol aﬁx%!g%% i:‘grk,z(s;a Q% o Og@hsaanglu%,}%%rgpg eldued! | Y

convert to [err]-caprolac re e, . am nocaprol c acid

and 25 nol di FER¥PERE BARERIPRIRRL: (TP POEfdLiopPerPeEEiptIAatam The

ol ar 1eonterichpriodachak| vae dfoutn| D 5-Nunideteapable amountnE 50 mol %

dinmers (totalifiqghf@:Mhd) present in the organic phase. _
Examples I-VI illustrate that s—caprolactam .

can be succesfully separated from aqueocus mixtures
containing 6-aminocaproic acid, 6-aminocaproamide and
15 oligomers. These batch examples also show that an
almost 100% separation of g—caprolactam is possible in
a continuously operated extraction; for example in a
counter current extraction.column or in a series of
mixer/settlers.
20
Example VI
A mixture having a composition of 21.5 mol%
6—aminocaproic acid (6ACA)}, 45.9 mol% 6—aminocaproamide
(6ACAM), 27.5 mol% ¢-caprolactam (CAP), 2.1 mol% methyl
25 6-aminocaproate (M6AC) and 3.0 mol% oligomers with a
total concentration.-of 12.4 wt.% of these compounds in
water was continuously fed at a rate of 571 g/hr
together with a recycle stream {(see below) to the top
of a steamstripper column (operated at 0.1 MPa). Steam
30 was generated in a reboiler of the column and no
additional water was added. The liquid bottom stream
which left the steamstripper (rate 626 g/hr) did not
contain any detectable amounts of methanol ana ammonia.,
This aqueous stream consisted of 12.7 wt.% of 6ACA,
35 6ACAM, M6AC, CAP and oligomers.
This agueous mixture was subseguently
continuously fed to a cyclization reactor, a plugflow



/ .
Exanmple | 25 200 M of a mxture of 20 wt.% [err]-caprol actam

0.6 wt.%oligonmers and 5 wt. % 6-am nocaproic acid in " water was m xed
wel |, long enough to reach equilibrium with 200 mM chl oroformat room
t enper at ur 0.1 Mra. The water phase was separ g} &onfdr/oss he

chl or of O‘V%%E‘g& phase separation._ The _water phase was agallf'gﬁ mxed with
200 M chl orof orm as above and separated fromthe chl or of orm by phase
separation. The two chl oroform phases were conbi ned and anal yzed by

hi gh pressuyr l.Lquid, chranat.,ogr aphy. (HPLC) . Th ter phase was al so 35
anal yzed a#&gtcﬁgrpaﬂrafqtﬁ?lggnn%é??*%%ﬂasdf atePr FORERPRY act am was 0. 74.
. The partititempesetirei et 328°Cetmanintaineghwith thencemtofitammiln t he

or gani ¢ extyaagl)i,08 peeBkufevéfleth mMpa and a¥0a9748988fce time of
PCT/ NL97/ 0QQ3

3. . - 10.- lgy t he '
concent r at iPon "RUERE < aADEBT S FRALAT LY AAMPRdp) and mekhaRe}ifiaR condi ti ons.
No det et alkhe gfﬁ&nﬁm&f bg-distibmiiormphe diquid aguedugosterean( < 0. 01 w .-%)
was found contalinede180howefLrp oeeE®s oF whicEX89PhE14 e~ .
Exanple | was éﬁpe%ted &”&hlg'c loronetggﬁf. Thg ggrtltlon coefficient
was 0.84. KEPFBEFARre® MOLY Rt PO B 20N AoP8proPt HAFH (Y- ol i gorers (<
0.01 10 wt.% was fBhdd aguedes diitiuneomeishsnbspiguently fed

{480 g/hr} to the bottom of a continuously operated
10 counter current extraction column. To the top of this
column (having 20 theoretical plates) chloroform was
fed at a rate of 770 ml/hr. eg-caprolactam was extracted .
to the chloroform phase with a more than 99% yield.
Pratically all of the 6~aminocaproic acid, 6~
15§ aminocaproamide and oligomers remained in the aqueous
phase. This agueocus mixture obtained in the extraction
was recycled at a rate of 416 g/hr to the steam
stripper column (see above).

20 Example VIII
100 g of an agueous mixture containing 12.2
wt.% e~caprolactam, 0.77 wt.% 6-aminocaproic acid, 0.01
wt.%, 6~aminocaproamide and 0.68 wt.% oligomers {of 6-
aminocaproic acid and 6-aminocaproamide) was mixed
25 well, long enough to reach equilibrium, with 100 g of
4-methyl—-2-pentanol at 20°C and 0.1 MPa. The water and
alcohol phase were analyzed by HPLC.
The partition co&fficient of g€—caprolactam
was about 1.65 (The water phase contained 4.28 wt.% e-
30 caprolactam and the alkanol phase contained 7.06 wt.%
g—-caprolactam). No detectable amounts of 6ACA, 6ACAM or
ocligomers).
The alcohol phase contained 7 wt.% watser.

35 Example IX
Example VIII was repsated using the same
volume of 2-ethyl-l-hexanol as the extraction agent.




‘Exanple |11 Exanple | was repeated with nethyl tert-
‘but'yl ether. The partition coefficient was 0.1. No 15 detectable anpunt of

- 6-am nocaproic acid or oligoners (< 0.01 w.9% was found in the
tert- butyI QQ‘; ase. Exanple 1V Anp@EEiNEAbe3B1 Xt ur e
cont ai ni ng V\?to Y% 6- 20 ami nocapr oic 1acid and 1 wt. % amoni a was
conti nuosly fed at a rate of 630 g/hr to a plugflow reactor (al nost
no backm xi ng) at a constant tenperature of 300[err]C (mai ntained with
the use of Ay ] al}%txlﬂ}mna095§§§+'{§n9fof e-chb-WPacearl ghs o epl dence i
of 30 m nutes. apr ol act am was mol % .12 nol %

ol i goners (tﬁ’r‘l’d“‘?tﬁ‘ﬁl ohape X%N‘hb‘&%\‘br%‘l & énﬂagraﬁ?m)ﬂﬁ’b‘%{m de
was present. t2@0 adkagplt phasei sontained 609 ott.8dofobAGR, 6A@Mracti on as

Fesci'bed '{‘J@ﬁa%ﬁlgohers were found in WM ﬁ@&bh%ho?hgfeff'c'ePt EorO o1
err capro actam et ect abl e anbunts (<

w.9% of %r? 5’|°§H38F %O%Eﬁ?%%‘ipérc?a dg‘ Eer. ol i gomers were found
in the chI oroform phase. Experinment V 35 Exanple | was

repeat ed usi @(%@gueous m xture obtained in Exanple 1 of
US- A- 5495016 Tar, "mxture_1" containing 90 wt.% water, 7,6 w.
[err]- Example VIII was repeated using an agueous

mixture containing 15.5 wt.% e—caprolactam, 5.2 wt.% 6-—
10 aminocaproic acid, 17.4 wt.% 6-aminocaproamide and 5.6
wt.% oligomers at 80°C.

The partition coéfficient of e-caprolactam
was 3.3. No detectable amounts of f—~aminocaproic acid
and oligomers of 6—-aminocaproic acid were found in the

15 alcohol phase. The partition coéfficient of 66—
aminocaproamide and oligomer of 6—aminocaproamide was
0.45.
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- 11 - ca;“mmm“m#&w wt. % hi gh boilers (oligoners). The

partition coefficlent «‘caprolactamwas as in Exanple | and no
det ect abl e anount of high boilers (oligonmers) or 6-am nocaproic acid
was found |(?9 g2 chloroform phase. Exanpl e VI PCT/NLS7/00033 EXanpl e
V was repgv a 80C using the sane- 14 ol une of dodecyl phenol. The

partition coefficient of 10 [err]-caprolactamwas about 11. No detectable

amount of ol i gomer was present in the organi M‘
Exanples |-Vl illustrate that [errg-gap & SHEEEH%

rohwg amii THI® |l |y
separated from aqueous m xtures contai ni ng 6} am NnARERMAGED aci \
* 6-am nocaproam de and 15 oligonmers. These batch Fe5-al 50 show that an

al nost 100% 3epar Bt ocessft$ esegarzepy cl-aapawlastponsEidrh can nagueows .
conti nuously operﬁgggmeété@ggaﬂﬁn Y- % ELe LR 2nd at Ci;%ﬂt?ro.%(’”e”t

extraction colum or a series o n1xer/sett ers. anpl e Vi
" A nixture®having ¥ %oﬂ%b%?@?%ﬁv(ﬁh%EPQ§Qﬁﬂ”%F in ghaki WRRaproic acid (6ACA),
45. 9 nol % 6- anm nosepavabtice is pdfFAGhMdd b/ extmabbiberusd ivqpwl| act am ( CAP),

2.1 ol % et hyl 23, angpg ,? ¢ and 3.0 nol % ol igomers with a
t ot al concentratlon of 12 % ese cqQnpounds in wat er was

cont i nuousl y2fed §F°§°?ﬁt%"‘6‘?r%ﬂg gﬁ"’hrclalm togspatacheticed (dtycl e stream
(see below) to thé&happthe extractsiwarmgeantppesr acohliomigapedated at 0.1 MPa).

St eam 304 g Was genggagggamog é&bpdaer of the colum and no addi ti onal
wat er was ad e liquid bott on1st%§_ e, steanstri pper

eft t
(rate 626 g/Hr) d 5°ﬁ8§ accabht g & et § Péaﬁkﬁﬁhfg‘goﬂ‘ net hanol and
ammoni a. Thi sthgticbbe sxtract bomsAgandd icf di@hIomm%bﬂnéACA,_ .

chloroform or 1,1,1~-trichloroethane.
4. Process according to claim 1, characterized in
15 that the extraction agent a phenol having one or
more alkyl groups (alkyl phenol).

S. Process according to claim 4, characterized in
that the boiling point of the alkyl phenol is more
than 15°C higher than the boiling point of &-

20 caprolactam at 1.3 kPa (10 mm Hg).

6. Process according to claim 1, characterized in

that the extraction agent is an organic compound

with one or more hydroxy groups.

7. Process according to claim 6, characterized in

25 that a (poly)alcohol having 5-12 carbon atoms is
used as extraction agent.

8. Process according to claim 7, characterized in
that 4-methyl-2-pentanol or 2-ethyl-l-hexangl is
used as extraction agent.

30 9. Process according to any one of claims 6-8,
characterized in that the agueous mixture contains
6-aminocaproamide and/or its oligomes and that the
resulting e~caprolactam containing extraction
agent phase is exctracted with water.

35 10. Process according to any one of claims 1-9,
characterized in the aqueous mixture is obtained
in a process starting from 6-aminocapronitrile.

i



. 35 6ACAM MBAC, CAE"Td ol i goners. Thi s aqueous m xture was
c

‘subsequent |y "rmm.ﬂ'mm,mmo a cyclizati ogc_rl_;aﬁﬁg(;/r bogsgl ugf | ow

WD 97/ 30028 s

- 12 - reactor (al most® nd backni xing), at a constant t enper at ure
of 320[ er Wad73mee8nt ai ned with the use of an oil bat hPCTALBVFr e of 12
MPa and at a residence tinme of 30 /i fut es iLng _ammoni a and

folore

met hanol from5 the effluent by distillation {jh&HiSiSHART pgeIgpHS [t ream
contained 15.1 wt. % products of which 89 nol %} err | REPLACE®RPT Ol eFt am 8
mol % ol i gonerls aRdoBess| eodrdi@A(ty .any one ol TI& P m xture
vas _S;Jbgeggent I ytcfrﬁdacteruse g:ihzniiq tpidvasbalikedref ia Mirﬂutuﬁysl y
dperate counter _curr e C . is

Gg| um (havi ng 201 ﬁe% 8??%3I é% Lgﬁlexks?kcrﬁﬂmo%g%g‘rlg;ng\?\éggdgp?%{dd at a rate of
770 m/hr. [err] aaddiosl &cerainoeapesanida-ed to the chl orof orm phase with
a nore than 3% Wrdcbss to Poatisediylplgreplarehe-Gapporaceaioi c acid, 6- 15

am nocapr oani de a l.i gopers renmained. | q s oinappase. This

aqueous m xture osgcgéi%ﬁé% [ ﬁoﬁh%{le%‘?%%% gnr%%%r%v\ggﬁgg%%?%dpat. a rate of
416 g/ hr. to the smim@caproicrapperirorhimh (tdheeagueous. nixvarexksple VI | |
100 g of an aqueisatBd<litr @ €EAELLoHh NEbrel td a tehpeYatutdPbétwséam 0.77

we. % 6-am nocapr oigy 4Gldss8e8l tne Meddr sl ATaA093PLBRILAPA: 0n 08 W %
ol i goners (of 6-
10

a process according to any one of claims 1-11 and
that the resulting agueous mixture comprising
oligomers and unconverted 6—aminocaproic acid is
recycled to the reaction zone.

This Sheet Has Been Re’ilaced

L




Ami nocaproic acid and 6- an1nocaproag1de) was ri'xed 25 meJJ I@ﬁb efdugh to
. reach equilibrium wth 100 g of - -~ .4-net hyl - 2- pent anol atoZOEechC and
0.1 MPa. The water and al cohol  phase were -anal yzed by»eHPLCes” "oo

The partltlon coefficient of [err]-caprolactam was about 1.65 The )
wat er phoBBELSAULEAddls 28 .wt. % [err]- 30 caprol actam and the al ka se

contaimed 7.06 WM. % ~ " [err]-caprolactan). No detectable anmounts of 6ACA,

6 ACAM The al cohol phase contained 7 wt. % wat er. 35
Exarrpllg'!m "I"i!llmn!ﬂm Exarrpl e VIl was repeated using the sane
|- S 't hAMENDED: iCIRTMS ent . WD 97/ 30028
+« PCT/ NL97/ 00033 - 13 - The partition

- coefficient of [err]-caprolactamwas 1.16 (the wat er phase contai ned
5.23 w.%}errProapss| ot sepamate ¢-chpralrgtam frove agv@gisms Grdetwte %

of 6ACA, 6ACAM,, ntaiﬂ@g@' '59%\%?5:%1%5:‘3111‘: anad a‘t”éxteré%ff‘locg%t%m@fgon%rg he

al cohol phase contal ne %
Exanpl e VI || .swabarapbardgedsilng taﬁta&béoasparatm% dree peifiamed 5. 5 w. %

[err]-caprol acbﬁﬁkaétlo‘ﬂt u¥ify 40 ogaRaeaRoRigoudd ith! cheMoomore

- an1nocaproan1dgroxy groups as extraction agent.

2. Process according to claim 1, characterized in that the
extraction agent is a phenol having one or more alkyl
groups {alkyl phenol).

3. Process according to claim 2, characterized in that the,
boiling point of the alkyl phenol is more than 15°C
higher than ;he'boiling point of e-caprolactam at 1.3 kPa
(10 mm Hg) . | '

4. Process according to claim 1, characterized in that a
(poly)alcohol having 5-12 carbon atoms is used as
extraction agent.

5. Process according to claim 4, characterized in that 4-

' methyi'2~pentanol or 2-ethyl-l-hexanol is used as
extraction agent.

6. Process according to any one of claims 1-5, characterized
in that the aqueous mixture contains 6-aminocaproamide
and/or its oligomers and that the resulting e-caprolactam
containing extraction agent phase is extracted with
water.

7. Process according to any one of claims 1-6, characterized

.in the aqueous mixture is obtained in a process starting
from é6-aminocapronitrile.

8. Process according to any one of claims 1-7, characterized
in the aqueous mixture is obtained in a process starting
from 6-aminocaproic acid and/or 6-aminocaproamide.
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[erﬁoLumﬁlﬂm Iﬂﬂ[lﬁlnw 3.3. No det ect abl Zh:rrgﬁrm: Lst |019n652emj ];F'czngiggl gf aci d

and .ol i gdbnet s 'of *6- &mi hocaproic acid were f.ound .in The* 153al cohal phise.

The partition coefficient of 6- am nocaproam de and ol i goner of

6- am nocafncimsireads.1. 0. 45. Encl osure 1. 1. 9099W0

9099WD AMENDED CLAI M5 1. Process to separate [err]-caprol actam

from an aqueous m xture containing [err]-caprolactam and at | east

0.5 wmt % ol i gomer s, characterized in that the separation is perforned

by extraction using an or gaRERDRENPEHRMsWM t h one or nore

hydr oxy groups as extraction agent. 2. Process according to claiml1,
"characterized in that the extraction agent is a phenol having one

or nore alKkyl Procedl %@Scdﬁkﬂﬁom%iepare% chﬁﬁE&étaﬁCQ{:drﬁgnbo
claim?2, characteri zed inth

Shenol -1 s ot o t FEPT Gy aqusous Wixtyrecomphinltace roRiANGaRERaE Brid
[err]-caprol a¢gt animtwHich kiflte aqueous (Miktwrdigls heatled ifr aceeactdear di ng

to claiml, charggterized, i ol y)al cohgl ~bavi 5-12

carbon atoms is USEH a° 2 @et&b&é%(@‘r’ﬁ%tl?%%w%%gn%% Lﬁg gggrgﬁeggeaécor di ng

to claim4, charaprolactam ihaseparated witheahprogepenagaokding to

2-ethyl -1-hexanol jf s 438%ASc1aims 1-8 and that the resulting aqueous
mixture comprising oligomers and unconverted 6-

aminocaproic acid is recycled to the reaction zone.
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« extraction agent. 6. Process according to any one of clains 5,
Characterized in that the agueous m xture contains
6- am nocapr oan de and/or its oligoners and that v'_;"-:’;_;_ ulting

g;‘:)w extract ed

[err]-caprol contain extr act | on ent phas

with- m 7. w"‘l‘-”?ﬁ'@%ém 1%7 one of ¥ s 1-6,
char ac hefrrkAtionar APPUIEATIOR FRANAYND mﬁéﬁﬁs pﬁm&;ﬁ  8bORk ATIOR TRERPE HCT)
one}© ’%"af‘m”i"“ic"ﬁ' AR o zod| | D “W“Mé’“b&‘&ﬁ@dﬁ@bﬂ'ﬁ xt ur ew@mé hed
'n R pm?fg"% g f r drs WW)%ﬁmﬂ&'lﬂma”dlz?Awww (21.08.97)

6- a Encl ogure

909D tnternationat Application Number: INW : AL, AU, B Bl B0 8858k, ER ov, cu,
conf i nuously p?Pepare T‘err] capr ct arh st ardz] EBJGE, HU, IL, 18, fP/ XP(KFQ JIROLISLY,
m x| @ tecmptiqnpliFilipg Rptes - arni B 95827 MO, Mﬁql@h PRI, t!‘b@@ 1 J"}e’gw;
heafed in a reaction zonetoaterrp KZ, MD, RU,
SSO[mMymbe [err *+ caprol actlam | si7,58m amtA HE, O (maessns Fi,
accprdin li %3 gﬂmt #ﬁﬁ‘f’rﬂ%ﬁﬂw
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