WD 98/ 17642 PCT/ NL97100467 PROCESS
TO SEPARATE EPSI LON- CAPROLACTAM FROM 6- AM NOCAPROAM D AND 6- AM OCAPROAMDE 5

The inventi gyoégplrgdees t0 a process to separate [errr]-caprol $eiaiohodsty
6- am nocapr oam de and 6- am nocaproamn de oligonmers. 10 guch a

process is known from US- A-5495016. Thi s pat ent publication describes a
separation of - caprolactamfromits nylon-6 oligoners by distillation. A
di sadvant age of distillation is that t- caprolactamw || partly convert to
nor e ol i GPROEESS (ISERARATHEPSILGN CAPROLACTOCFROM 6 gMINDCERROAMIDE AND §-AMINOCAPROAMIDE
US- A- 549504I8PMERE ot her di sadvantage is fouling of pipes and other process
equi pnent because of solidification of the .oligoners present in the
distillatio® residue. The object of the present invention is to 20 provide
a nethod to separate E-caprolactamfrom 6- am nocaproam de and its
oligoners in which no E- prqQlactamis | Qst. The object is achieved in

that e-caprol actam . 6-antRGc3PVERHIAR ZRd & esnitfoRaProsRsFe B0 i goners are
25 present in asépaghtagqgeeapralacitiang firion $—amiWdceibrdaxiides darl @t act ed
wi th an-al cohol _extraction s%!veat, resulting in a first aqueous raffinate
phase which is PBOPOFRPLEAM S5 31988 IR and an al cohol phase which is rich
i n E-caproligt am and whi cSualhc ahlr oglease 130 kaautnaifiront - BSHATEART 06N de
and/ or 6-anm nocapEk Qamn [ IS sMherein, t. tt : e 1S
subsequent |y co? %gt %q%n?hbmf%(tﬁ\g&kﬁ%s?%rf&%g{% r%?ualaclt %(r?'g’q# r?qgfléal cohol

extract phase p88PTPAaGtamnitTeNa 3itdaRydenmbd/cdri amesish diatidd Ida ol 9Ryoner s
and 35 a second aqueous r af idiAlavaMtATR HJECE gt 181 Mg GaP Y ds- and/ or

0, nocapr oA e Shadatsee il Bt SE R and, Lot e DAL (1
15 wt.% absolute according to Example 1 of US-A-5495016).
Another disadvantage is fouling of pipes and other
process equipment because of solidification of the

oligomers present in the distillation residue.
The object of the present invention is to
20 provide a method to separate e-caprolactam from 6-
éminocaproamide and its oligomers in which no e-
caprolactam is lost.
The object is achieved in that e-caprolactam,
6-aminocaproamide and 6-aminocaproamide oligomers are
25 present in a first aqueous starting mixture, which
mixture is contacted with an alcohol extraction
solvent, resulting in a first aqueous raffinate phase
which is poor in e-caprolactam and an alcohol phase
i which is rich in e-caprolactam and which alcohol phase
30 contains 6—-aminocaproamide and/or 6-aminocaproamide
- ©oligomers, wherein the latter alcohol phase is
subsequently contacted with water (backwash water)
resulting in an alcohol extract phase poor in 6-
aminocaproamide and/or 6-aminocaproamide oligomers and
35 a second agueous raffinate phase rich in 6-
aminocaproamide and/or 6-aminocaproamide oligomers.
It has been found that by performing the



succesfully separated from 6-am nocaproam de and 6- am nocapr oam de

ol i goners. EP-A-729944 describes that e-caprolactamnmay 5 be recovered from
aqueous m woesagsqont ai ni ng al so ol i goners of 6-an nocapr oaPCTNLYY00467
extraction using nethylene chloride, cyclohexane, toluene, benzene,

chl oroformor trichloroethane. This patent2 publicati on does not teach

al cohol solvents as extraction agents. 10 It has been found that the npst
prom sing extraction solvents of EP-A-729944 are the exenplified

chi or onat ed solygaLgs ZRE3EaIRkY@RES 13 BROURYCL ALELINARLY Rk Weed

because of envrronnental reaso 2 des es experinents of an
15 extracti onsBecpefpllyaseppiated trom Srandnosaprrpicdeeaps 85 a [err]

(cycl o) al i phat b i abeabebakaldeet i gbiet sRat ent publication does not describe
t he presence of 6- am nocaproanm dé or its i goner in the agu QuUS _mi xture.

.ol
Furthernore no second exfFadfi/6d%84i f§sREibes) $hog gCaPLYEFathda r st
aqueous steagtipg lfig)cbrr@eemsfr@hsaqﬁmwa mi&tmiersoe:?maiimmgi G 1ad .
6- am nocaproic_acid olig rs. . Suc I Xt ur, re, r s L0ptained in
t he process ofogﬁgﬂpff§9%%? |Pmﬁ§§°8§%ﬁaﬂ6§%a ?hfft%§°%§%%£§%&§ ounds are
al so ef fecti velpetdyisngt ehliorddel- cysdiohiexainem wWedmeperf demzenerhe process
according o tBR1CRGRREROG: The BhiciYLRIAMY.C 18R HAlehtl RN At drf | Ter S
of 6-am nocaprolc aclid or of 6-am nocaproam de. 30 H gher oligoners can be
present in a ndeBs &Rk teaFheicohed EdVEentSa@isoPXNTRAGEHITS FFPRRe fir st

oo than Tt o B . T ot T car ol aclam 6-
ani nocaproi c aépfye@iém%gfﬁ%'gl%ggé%ﬁ&%%ﬁﬁoﬁéﬁ@lﬁiﬁﬁé{ fqrﬁsq%%ﬁ}eeéﬁ?
m xture i s pregeliskintshemMirar 5di@ents are however preferably not

used because of environmental reasons.

NL-A-6803152 describes experiments of an

15 extraction of e-caprolactam from an agqueous mixture_
‘using a C,~C4 (cyclo)aliphatic alcohol solvent. This
patent publication does not describe the presence of 6-
aminocaproamide or its oligomer in the agueous mixture.
Furthermore no second extraction using water is

20 described.

The first aqueous starting mixture may also
contain 6-aminocaproic acid and 6—aminocaproic acid
o6ligomers.. Such mixtures are, for example, obtained in
the process of EP-A-729944. It has been found that

25 these compounds are also effectively separated from e-
caprolactam when performing the process according to
the invention.

- The oligomers are generally dimers and
trimers of 6-aminocaproic acid or of 6-aminocaproamide.

30 Hiéhet oligomers can be present in a much lower
cqnient.

. The concentration oligomers in the first
agueous mixture is preferably higher than 0.5 wt.%.
More preferably not more than 10 wt.%.

35 ' The concentration of sg-caprolactam, 6-
aminocaproic acid, 6-aminocaproamide and oligomers in
the first aqueous mixture is preferably between 5-50



-3- w.%and nore preferably between 10-35 wt.% The concentration of
e-caprolactamis preferably between 5- 30 wt.% The concentration of

6- am nocapWsuI®¥1@64% s preferably between 0.1 and 10 wt. % ThPCIMNAIAO#E!L i on
5 of 6-"ami nocaproic acid is preferably between 0.1 and 10 wt.% The al cohol
extraction solvent is preferably a solvert 3which is substantially

Imm scible with the first aqueous m xture. By substantially immscible is
10 here neant that the m xture of alcohol solvent and the aqueous m xture

rﬁsm ts i In tm?wg:e?gegmmbwa@mf@&aamm Besw?sﬁihm—ssnwerat urke Prefer alroll e
the mutual solubil]t condi tions, of the ex not hi gher
than 30 wt. %aﬁ(ﬁ’%%% re’f%x}aornfy ETEARE? 3ﬁti’% 1%0"%% é\%% P8§H8Fn 5L
extraction soI Géhtwt.s?s prﬂktiertad!nqematiohabf c6eamipotapt ophadecisonpound
havi ng one %)é&ps a I h 12
carbon atons a%&r nor e p%f Y ¢ §(L:I%Jrg O%Sa‘?? %g géﬁ{:g E%léﬁe or
two and nmor® pof é‘aﬁﬂkﬂ%ﬁ@ﬁm WU@OX?IPQ?@&@ab%YprE‘eﬁ?n P &f angdbily

hi ndered al cohglgs sare used. A hindered al cohol |s a conpound in which the
hydr oxyl group i s bonded to a -CR R2R3 in which err;ﬂFand R2 are al kyl

groups and R3 is an alkyl Ib?cﬁﬂpc%*lm%yﬂ*%ﬁ%ﬁtl%% sqhye slédQQﬁf-ﬁﬁéB&é’ in a
process in whi gh ddlerems uwhicig mu@@mtahasssmrenuasedlh$efwedht @hpr epare

e- caprol actam de are ess e to srea t
N al kSI ation p (‘3‘5‘“&{ <?Ler r'F a% g%ﬁ%ﬂg gigf 1%%586%@1? %gvi ng
two hydroxi® 3hexns Gtﬁﬁslfarbhmxmanmtunenaﬁedlobhoheepéneytga;adoIthe
nmet hyl - net hyl pr, I d

y y! Py g;g?ébﬁﬂ‘ %zx@ﬁw ré@ﬁ?i’é piﬂp@{w‘g bﬁg ﬁatgﬁepﬁ es at the

but yl - met hyl pr opanedi ol . oun roxyI group
are cycl ohexan@lx“’—ﬁ'ﬁm%o’ﬁtemwr%’é‘h?%nol?reéepéhianéhe mufEkanol

4- et hyl - 2- pemﬁﬂ!ﬂblfﬁ%yihﬁ%@ﬁ|tﬁeh@6ﬁ69£1035p69p¥he eﬁ%?héﬁ@bn Rsoct anol ,
0, oAl cololy M eliSY | BheR9h 0y R O RS2 315 REAE¢
15 20 wt.% .

The alcohol extraction solvent is preferably
an aliphatic or cycloaliphatic compound having one or
more hydroxyl groups. Such alcohols have preferably 4-
12 carbon atoms and more preferably 5-8 carbon atoms.

20 '~ Preferably one or two and more preferably only one
hydroxyl group is present. Preferably hindered alcohols
are used. A hindered alcohol is a compound in which the
hydroxyl group is bonded to a —-CR!R?R? in which R! and R?
are alkyl groups and R? is an alkyl group or hydrogen.

25 This is advantageous in a process in which the
resulting aqueous phases are used as feed to prepare e-
caprolactam. Hindered alcohols are less susceptible to
:react to N—alkylation products of e-caprolactam.

Examples of compounds having two hydroxyl

30 groups are hexanediol, nonanediol, neopentylglycol,

' methyl-methylpropanediol, ethyl-methylpropanediol or
butyl-methylpropanediol. Examples of compounds having
one hydroxyl group are cyclohexanol, n-butanol, n-
gantanol, 2-pentanol, n-hexanol, 4-methyl-2-pentanol,

35 2—-ethyl-l1-hexanol, 2-propyl-l-heptanol, n-octanol, iso-
nonylalcohol, n-decylalcohol and mixtures of linear and
branched C,—aléohols, mixtures of linear and branched



-4- C.-alcohols and m xtures of |inear and branched Cl10- al cohols. M xtures
of the above nentioned al cohols can al so be used. Preferred al cohols have a
hi gh af fi nWQ9¥1964X- caprol actam a | ower boiling point thanPCENL9780467
caprolactam a large density difference with water, conmmercially avail abl e,
| ow nutual solubility with water and/or aré bi odegradabl e. The back wash
wat er may be pure water or water contam nated with other conpounds, for
exanpl e 10 the al cohol conpound. Preferably the water used is at |east 95

Wt . % pur e wat erg,-Bedhdls Al rieaate ABR AN dA iR ditaRas c{gy be

fhe f1rst aquedthePuaTe ndrbeadt 6 o€ Yo CHhEi oment 9peh A LROLe €elr i ng
m xture. Such alsefles nesed@nrefentedfalbchFrockssei s Pigh eatdiyipgr f or med
fhat the extradifont TBETTaRRER % Tovar PetlTo8 B8MS P ot vecsel .
wher ei n t heSaqumapsokacanng nlxtge edéessiey differenterwidh avatensi ti on
T s Sl s o My oL 1081 0

t he vessel and t water is fed. t essel, and in
whi ch the resulfa%RF RARBOE 358 fhhedeoradabbeal cohol extract phases are

obtai ned at the bottom anphé NeadPuén theL¥ESHEY K€ i w£t¥r dpe anmount
of al cohol extraction solve i

t-_and ckwash water will depend on_the
partitioning<uﬂﬁ??%i%ﬁﬁt?ﬁ{%?ﬁsgdﬂggméﬁggefcF?EP%%% $a1€ ; ﬁﬁ?@ﬂi%o can be
easi |y det @om nigte byl colkok ke dhpound. tPeefetablyetbatwater owssfiepsiatcarri ed
out at a tenpe;ﬁégég ggn ?_*Zp@%ghwfpgygh In order to avoid precipitation
ete of e

of oligoners. nperat ur e’ ( xtracti on can be generally between room
tenperature 35.and 200[ erThe Bheist sapd et ecand yageeonsenr 20f tnate7phasefC.

Tenperat ures bejygere BomPfnd 0L 8T £dfm 3 Re C¥GReIRE Cmixture which can
be used further. Preferably the first agueous raffinate

15 phase is combined with the aqueous starting mixture.
Such a preferred embodiment of the process is
preferably performed continuously in one process
apparatus. This embodiment is characterized in that the
extraction is performed in a vertically positioned

20 vessel, wherein the agqueous starting mixture is fed at
an intermediate position along the vessel, the alcohol
extraction solvent is fed to the bottom of the vessel
and the backwash water is fed to the top of the vessel,
and in which the resulting aqueous raffinate and

25 alcohol extract phases are obtained at the bottom and
the top of the vessel respectively.

The amount of alcohol extraction solvent- and
backwash water will depend on the partitioning
co&fficient of the components to be separated, which

30 can be easily determined by one skilled in the art.

' : The extraction step is carried out at a
temperature which is high enough in order to avoid
precipitation of oligomers. The temperature of
extraction can be generally between room temperature

35 and 200°C and is preferably between 20 and 170°C.
Temperatures between 50 and 130°C are even more
preferred.



preferred. -5- The pressure during the extraction step is not critical
and can be, for exanple, between about 0.1 MPa and about 2.0 MPa, and .
pref erabl ywesnmsn about 0.1 MPa and about 0.5 MPa. The pr axSEHNEOM0847 be 5
sufficient to maintain liquid phases during extraction. The extraction can
be «carried out in well known extraction apparatuses, for exanple a counter
current colum, a series of mxer settlers, rotating disc contactors or

pul sed packed col ums. 10 The extraction step preferably vyields

a - caprol actam contai ni nﬂxélﬁmuma&&m%gei/xewé@}anbewﬁe@slo- 40

W.% [err]-caprolactam, After the extraction [err]-caprol actam ma)t/ gel
fgr

recovered fromi%e A oifAl PR LR RIokPLeptamrlen Retvagpnpahou
exanpl e distil gfid endrgbext race iora, Ried ey Pof ¥r ahBY | | batweeni sbeged in

whi ch the | i) hol t int | cohol ph

' Gsti e 1o (oHEA fa TS e W THES PESRSHE Q RUBRL bRnd wat er ¢ hus
obt ai ned i s5pr efusfifaid yeneusedna in2in thiqekd rptdses accingi egttacthen.

i nvention. The invention fﬁﬁaéf?rfﬁpf&ﬁaé%g gg %Qfﬁf%$?£§£b?ﬂ 8&11

[err]-caprol actam from aqueous m Xt ures obtarne ocesSs"to
prepar e E-capr dnaxmrextramt ton cappa rakteseoni £01 | examptenaecovdtent o crude

E- 25 caprol achampdive r&amhme) i $&r y6d etff %'Q@é%é@ﬁﬂew,fg&ts%% le
US- A-5495016, (Jl) a process to prepare_|[err]- caprolactam by cyclization
of 6-am nocapr @@%&&?@FW%W%SP‘H%%%% ¢ ¢QIUBRAND| e US- A- 4730040 or

(1'11) in whoch the startimige néxttd &t LONDE £ 68 SpPefdt ABTRPY 0bE330a &cid and
6- am nocaproam de as, for anng%e.gescrifedhéﬁ %E—A-z%9,944. The aﬂueous
m xture obt ai nEFRFPIASULSERN 3 Ining 21¢9ho) | Phase WRLAR MAY afRBRRA™hi ch
s a side- procheatwednthe-4@aeti®netoapeoldetamr ol actam starting from

After the extraction e-caprolactam may be
recovered from the alcohol phase by known separation

15 methods, for example distillation and extraction.
Preferably distillation is used in which the lower
boiling alcohol and any water present in the alcohol
phase is distilled from the g-caprolactam. The alcohol
solvent and water thus obtained is preferably reused in

20 the extraction according to the invention.

The invention relates especially to the
separation of e-caprolactam from agqueous mixtures
obtained in (I) a process to prepare g—caprolactam in
which 6-aminocapronitrile is converted into crude e-

25 caprolactam by reaction with water as described in for
example US-A-5495016, (II) a process to prepare &-—
caprolactam by cyclization of 6-aminocaproic acid in
water as described in for example US-A-4730040 or (III)
in which the starting mixture comprises 6-aminocaproic

30 acid and 6-aminocaproamide as for example described in
EP-A-729944,

The agqueous mixture obtained in processes (I)
and (II) will also contain ammonia which is a side-
product of the reaction to e-caprolactam starting from

35 ¢6—aminocapronitrile or 6-aminocaproamide. It is
advantageous to separate the ammonia prior to the
extraction, for example by distillation or steam



35 6-am nocapronitrile or 6-am nocaproam de. It is advantageous to
separate the ammonia prior to the extraction, for exanple by distillation
or steam WwWe®81zu2ipping. In the distillation any unconver tri/RL7/00467

am nocapronitrile (in process (1)) and part of ‘the water will generally be

separated as well. The concentration of thé ferr]-caprolactam optionally
6- 5 am nocaproic acid, optionally 6-am nocaproam de and ol igoners in the
aqueous m xture obtai ned after such an ammoni a separation will be

preferably hi g_fwcrri;h]améﬁ Y4 %hdhei s€881 A O0ohOafy CAREENREE BEHCEA be 10
performed continuously. The ag eors'n1xture oZtalned in tEe Ex%gactlon
according to tH%“*QR&ng%ﬂnglg?e tRaBFgcpEdyEf &4 2Bt PRTEYRE| 78 on
processes as (lyatdt lyibkhdgéhétalberbeaboperdesarabedellt Dhe been found
that the conpoupd anm ngocaproic acid, 6z 1 Lnocapr oam de
and oligoners\ﬁﬁéﬁ?éﬁiﬁ%?gggéf ?ﬁgtﬁigaHFQ?ﬁFgaﬁanbpgéE?é}%ggbcaproIactam
in a high ybel amifiegapyoici agidxtoptionally fsahabecaproamidpr shdct am a
val uabl e reCYC'éiﬁﬁéﬁi%%'§na{ﬁQ 9@&%@& dm%%#ﬁ?ecéﬂt ?nEHCSEE%E'EMcHSSﬂ to
prepare nore [err|[=caprolactam 20 Preferably any al cohol solvent Bresent
in the aqueous PMRR1IE SeRPhrhien ¥ildrbet peefigrably higharethanrélycled to
the cycli zati orgfsgact or zone. Such a separation is preferably perforned by

distillation and nore pre*irablg Qx stgan1disti| at%on. 25 In a
preferred embodi ment to ptaPaf82EE18BFB| 5cEaART PHRSFAM 6RPnB®st eps are
perfornmed: 10i ) performedagopbiBuouzlyr eThenaquaoug fiiatunecapteaivedcid,

6- am nocapr oam | e | oljLg r ceacted. . i Lqui d
phase fo 0 thie heLIELLoRPEREGLAY R LIPHE T bR 1887 ECpERERRIMYT
350[err]C in a ¥ecxeled tenthe(cyylizatignnpnpaecssesepar 4fdd (L& apd

resul ting (III) here above described. It has been found that the
compounds, for example 6-aminocaproic acid, 6-

15 aminocaproamide and oligomers which are present in this
mixture can react to e-caprolactam in a high yield.
Thus by using extraction to isolate eg-caprolactam a
valuable recycle stream is also obtained which can be
succesfully used to prepare more t—caprolactam.

20 Preferably any alcohol solvent present in the aqueous
phase is separated before the aqueous mixture is
recycled to the cyclization reactor zone. Such a
separation is preferably performed by distillation and
more preferably by steam distillation.

25 ) In a preferred embodiment to prepare &-—
caprolactam the following steps are performed:
{1) an agueous mixture containing 6—aminocaproic

acid, 6—aminocaproamide and their respective

oligomers are reacted in the liguid phase to
30 _ ge—caprolactam at a temperature of between 270
' and 350°C in a reaction zone.

(ii) ammonia is separated from the resulting
agqueous mixture to a concentration of below
35 0.1 wt.%,
(iii) g-caprolactam is extracted from the agueous

mixture obtained in step (ii) by the process



aqueous m xture to a concentration of bel ow 35 0.1 wt.% (iii)
[err]-caprolactamis extracted fromthe agueous m xture obtained in step
(i) by thavpesicmas 7- according to the invention resultiPCI/NRIZ9467

aqueous raffinate phase and an al cohol extract phase (ivV) t he agqueous
raffi nate phase is contacted with 5 -7 - steam to separate any
di ssol ved al cohol solvent fromthe aqueous raffinate phase (v) t he

aqueous phase obtained in step (iv) is recycled in step (i) (vi)

[err]-caprolactamis sepaicidididPRd Nehd! At 16h resulting iﬂhé’ﬁe and
e

the resulting al cohol solvent is reused in step (11i). The t erature in
step (i) is preferably b&ANEND R iRadzp[RisT andran R y hi gher
than 290[err] C. The pressxtaaddt Piisdi) is preferably between 15 5.0 and
20 MPa. Nor mal he pre %ure w || be ﬁgﬁater t han or, equ

|y t al . to tge .
resul ting preséi’i?’e} of the§ GHFIER R TAL% RRASRIGLS ﬂ"eorffé?w‘b'é? tH B
enpl oyed. A exanpl e of a@tyeessidd agparass anyedbsodlvdd abovkoEnbodi nent

is described in Figure 1. | qur ' n.b e aqueous
starting feed (a) is fed stdoﬂ'ceé% iéz:fa | otﬁherle% 'f‘%?u? Aféfﬁ%%$gﬁ?%€ei S
separ at ed from(&jueous rdde @qusqus phagd)obratnediinastem (By) Twe

resul ting agqueous liquid ﬂEdS}d{ré‘d (3 %a('{lj ng [err]-caprol actam
6- am nocaproi c acid, 6- 25. ° am_nocaproanm de and their respective oligoners

is fed to extrddidon col AAFARHOLERFam; ks RpRAFA ELD XM sHIGR EFORRLd (@)

and an al cofiol sol vent fegathdd)and thsordsdlt BegudléoBoR! sehebnexigact
phase (e) is fed to a distill a&i.on col unp.{D} in which the | ower boiling 30
al cohol and di ssol ved wat®et % slexba?ta?%d ¥th {j) from e-caprol actam product
(i). Inaliquid/liquid $Bpartemperature in step (i) is preferably

between 270 and 350°C, more preferably higher than
290°C. The pressure in step (i) is preferably between

15 65.0 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.

An example of a possible process scheme of

the above embodiment is described in Figure 1. In

20 Figure 1 it can be seen that an aqueous starting feed
(a) is fed to cyclization reactor (A). Ammonia (c) is
separated from aqueous reactor effluent (b) in
distillation (B). The resulting aqueous liquid mixture
(d) containing &—caprolactam, 6-aminocaproic acid, 6-

25 aminocaproamide and their respective oligomers is fed
to extraction column (C). To this column a backwash
water feed (g) and an alcohol solvent feed (h) is also
fed. Resulting alcohol extract phase (e) is fed to a
distillation column (D) in which the lower boiling

30 alcohol and dissolved water is separated via (j) from

| g—caprolactam product (i). In a liquid/liquid separator
(E) the alcohol is separated from water, resulting in
backwash water (g) (containing optionally some alcohol)
and an alcohol solvent stream (h) (containing

35 optionally some dissolved water). The aqueous raffinate
phase (f) is fed to a steam stripper (F) in which any
alcohol and anj surplus water present in (£f) is



(E) the alcohol is separated fromwater, resulting in backwash water (g)
(containing optionally sone al cohol) and an al cohol solvent stream (h)
(cont ai ni nwaesi17eqat i onal |y sone di ssol ved water). The aqueowetrnaiboosst e
phase (f) is fed to a steamstripper (F) in which any al cohol and any
surplus water present in (f) is -8- sepmrated via (l). The resulting
aqueous m xture (k) containing 6-am nocaproic acid, 6-am nocaproam de,
their oligonmers and optionally a snmall anmount of E- caprolactamis recycled

to the reactor gbfhra®ed via (1). THRE rig\8R ng%d#néd ?%,{’{Ll tegu&)dat ed by

neans of the fol omnn non- restrlctlve exanp on co€fficient
i s defined as FRE aﬂﬁﬁpghﬁ'éﬂHﬂﬂSaﬁéﬁéén@FéﬁumﬁﬂﬁN?DMﬂaRFQ&mkd%yaJcoho

extract phase eadlthem@m&tsr &tnldorcbp(tu%n\atn% a' BriallQ AGHRRHS oD ¢saffinate
phase of a certain an aqueous m Xt ure

cont ai ni ng 15. 52 Rfoéaggégpﬁﬁlingﬁﬁeg §QMFhﬁ)Geéﬁ¢ﬁﬁcéﬁr0|c acid, 17.4 15
Wt % 6-ani rfocapr oani de afthe? iAvetntIoolsl YATAr howf bR éﬂﬁdﬂﬁ&ﬁ&dﬂwyaCld and

3.4 wt.%oligo o] r.oam de was . ni.xed wel | e h to
reach equil i grﬁgé]ﬁs Etth%%%&é%%&nﬁem—rf é’le z?txaéﬁ’[qﬁ%r %%e?-
partition coefppEtéthdopf CP@IfIf]l-CO-&[mtollaCtdatﬁlﬂéd azs the3 quiia mlaatteaimb:llfe
anounts of 6- agbﬁggﬁm&ghqogp{qnagg thqgn%%%‘%ﬁagﬂgylg%yﬂgaytb&ggélwere

found in the alcg hase arti'tion coe cien
capr oani de was3Bd45 §n&°8F58¢F§6#9P ding vimtlod@ptde aGu@eURas 0.66. 25

Exanpl e 111070 pa¥€ihatal pphaecdrpal o4 tRacked Gt i on colum (di aneter
2.5 cm packed with 3 mof glass rashig rings (6 nm an aqueous product

feed was fed 1 m 30. below the top, back-wash water was fed at 60[err]C to
t he Example T

100 g of an agqueous mixture.containing 15.5
wt.% €—caprolactam, 5.2 wt.% 6-~aminocaproic acid, 17.4
15 wt.% 6-aminocaproamide and 2.2 wt.% oligomers of 6—
aminocaproic acid and 3.4 wt.% oligomers of 6- |
aminocaproamide was mixed well, long enough to reach
equilibrium, with 100 g of 4-methyl-2-pentanol at 80°C.
The partition co&fficient of e-caprolactam
20 was 3.3. No detectable amounts of 6-aminoccaproic acid
and oligomers of 6—aminocaproic acid were found in the
alcohol phaée. The partition coéfficient of 6—amino-
caproamide was 0.45 and of oligomer of 6—aminocapro—
amide was 0.66.
25
Example II
To a vertical placed pulsed packed extraction
column (diameter 2.5 cm) packed with 3 m of glass
rashig rings (6 mm) an agqueous product feed was fed 1 m
30. below the top, back-wash water was fed at 60°C to the
'".top and 4-methyl-2-pentanol was fed to the bottom at a

‘rate:

agueous product feed 1.65 kg/hr

back-wash water 0.31 kg/hr
35 4-methyl-2-pentanol 1.10 kg/hr

The composition was:



-top and 4-nethyl -2-pentanol was fed to the bottomat a rate: aqueous
product feed 1. 65 kg/ hr back-wash wat er 0. 31 kg/ hr

35 4- et hywodsamat anol 1.10 kg/ hr The conposi-t i pOTAMRS?/00467 - 9-
aqueous' product feed. 18.1 wt.% caprolactam 1.28 wt. % 6-am nocaproi c acid

(6ACA) 0.73 wt.% 6-am nocaproanm de (6ACAM) g5-2.89 w. % ol igoners of 6ACA
and 6ACAM At the top an al cohol phase (about 15 wt.% water) was obtai ned
having a conposition of 19.1 wt.% caprolactam (99.6%vyield) < 0.01 m.%

6- am nocaproi c i 0 6- am noacproanm de < 0.01 wt. %ol igoners
The | oss of 6- g‘?ﬁqne%c‘%%rpor;or@ld% %@_%%1_ nocaproi c acid and oligoners to the

al cohol phase Vs 1 ads. % IeaPOo4agtam The [err]-caprol actam still

present in the y efgllyd NP QIARONSC RHASEc SREURd (BREale considered as a |oss
when this mxture is [ rocess _in which the 6ACA, 6ACAM and

reused ip a <
oligoners are &ﬂ%r“f%‘c&té‘%@{]’&% PraRPadAe £6ACAM) 10 - 1. Process to
separate [esr]-xay aHack asl {gemefs 601 6RCAPApansHeamnd 6- ani nocaproani de

O e and” o hECAEF P AR b bEhed -ERRESL PRBAME B3 werh oo
agueous starti mptext was obtained having a composition of

19.1 wt.% caprolactam (99.6% yield)

< 0.01 wt.% 6-aminocaproic acid

10 < 0.01 wt.% 6—aminoacproamide

< 0.01 wt.% ocligomers

The loss of 6—-aminocaproamide, 6—aminocaproic
acid and oligomers to the alcohol phase was less than
1%.

15 ' The e-caprolactam still present in the _
resulting aqueous phase should not be considered as a
loss when this mixture is reused in a process in which
the 6ACA, 6ACAM and oligomers are converted to &-
caprolactam. '

20



which m xture is contacted with an al cohol extraction solvent, resulting in
a first aqueous 10 raf fi nate phase which is poor in

[err] - capr wosgrergazand an al cohol phase which is rich in [erpCTowpr/al4art am
and whi ch al cohol phase contai ns 6-an nocaproamn de and/ or 6-am nocaproani de
ol igoners, wherein the |atter al cohol pkad® s subsequently contacted 15

with water (backwash water) resulting in an al cohol extr ﬂ
6- am nocapr oam de -and/ or 6-am nocapr oan de ol i gomers an(Jm lm ﬂmﬂgﬁm[wn
raffi nate phase rich in 6-am nocaproaéng%aflq&% 6- am nocaproahi de s

ol i goners. 2D 2. Process accordin characterized in that the
al cohol extraction solvent is a nono- al cohol having 5-8 carbon atons. 3.

Process accordihng t @rgcdigd 3o Fepa3Ghey |Ezqﬁﬁrq,1tar@gaﬂ fﬁdﬁprp. al cohol is a
hi ndered al cohol. 25 /4. Process accor ding to claim3, characterized in

that the al cohol is2PiRRQRARTCAMLG A0S 6-wminosapraanide HdIRPIS rany one
of claims 154, char mmracztesciumd Hai thadm sr@editioliat taed d and/or

6- am nocaproi ¢ aci d al_s esent in 30 e fjrst
aqueous starti ng m Uy eq;%rrsoa%f\aoecgé@ ;%:;@5’}‘&’1%@3’?% r?eh' h° x!aglms 1-5,
characterized in thare Rrefsandt izgwediis sdt arquemxsns&antartg)mmm ween
0.5-10 wt. %ol | oMk ISRy 3G WorldAidd R CHr?“‘ahQ{Bh&et weem 0. 1- 10

35 . % 6-am noca r0|c acid and between 0. 1- %

n
6- ani nocapr oani de. ks SHERi FF I R o‘rfb %ff’cﬁsaﬁ AIUERs . 11
- charactetfpzed in trhﬁf:lﬂiﬂ:d Phyatiie Sid)@dbﬁ:emxﬁ(lbhaﬁﬁlra]&aﬁ and

Process according tqQ_a one cof .cl ai .1- characterized in that the
extraction is perfo(r%rrrle% g1 phac?oen%&slﬁlr i ¥ v%lccafPli%]éa qﬁ“&t

aqueous and which alcohol phase contains 6—-aminocaproamide

and/or 6-aminocaproamide oligomers, wherein the
latter alcohol phase is subsequently contacted

15 with water (backwash water) resulting in an _
alcohol extract phase poor in 6—aminocaproamide
and/or 6-aminocaproamide oligomers and a second
aqueous raffinate phase rich in 6-aminocaproamide
and/or 6-aminocaproamide oligomers.

20 2. Process according to claim 1, characterized in

' that the alcohol extraction solvent is a mono-

alcohol having 5-8 carbon atoms.

3. Process according to claim 2, characterized in
that the mono—alcochol is a hindered alcohol.

25 4. Process according to c¢laim 3, characterized in
that the alcohol is 4-methyl-2-pentanol.

5. Process according to any one of claims 1-4,
characterized in that 6-aminocaproic acid and/or
6-aminocaproic acid oligomers are also present in

30 the first agqueous starting mixture.

6. Process according to any one of claims 1-5,
characterized in that the first aqueous starting
mixture contans between 0.5-10 wt.% oligomers,
between 5-30 wt.% e¢—caprolactam, betweem 0,1-10

- 35 wt.% 6-aminocaproic acid and between 0.1-10 wt.%
6-aminocaproamide.

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



raffinate i s conbi nedwitir the first—agueous starting m xture. 9. Process
according to claim8, 7 b that the process is perforned in a
vertical |l yywdesnr642 ;m mﬂg mﬂ 5

9

, Wwherein the aqueous wd@KidMP4e7
m xture is fed at an i Rtet tion along the vessel, the al coho

extraction solvent is fed to the bottomof;{he vessel and the backwash
water is fed to the top of the vessel and in whi ch the 15 resul ting
aqueous raffinate and al cohol extract phases are obtained at the bottom and
top of the vessel ectl ocess to are e-caprol actam
wherein the follomn Eeﬁ¥§eée??th%H thy Cefp Eatp;e 1saRetHEE s

m xture contalnlng(£0iﬁBmQCapr0|c acid, 6- an1nocaproan1de and their
respective ol i goner hg |1 hase .e-C ol actam at a
tenperature ofqﬁetmé?%&%?%sandgggggE§ fo é gnB ot caglms ?QZétlon zone.
(ii) ammonia is sepAzacterizedt ho thetlthageaqueohson1x5uperﬁoraed
concentratign of tm”éwhéhﬂuﬂﬁs%Q Ahlid [ﬁﬁic QBQ'E@E@ ugéhgacted from
t he aqueous 30 mXxture o alne I'n st ?} ? y the process
according to any on&F®dffiratasis- oombined withntha éqﬁé§u§qﬂsp#§nate phase
and an al cohol extragtaphing nixturel he aqueous raffinate phase is
contacted 35 solve alcohol

sol vent from t e aq&gﬁﬁﬁ$%f??ﬁ3félﬂﬂa 2 STRINHS 2h¥rdcdive

that the process is performed in a vertically
10 - positioned vessel, wherein the aqueous starting

mixture is fed at an intermediate position along
the vessel, the alcohol extraction solvent is fed
to the bottom of the vessel and the backwash water
is fed to the top of the vessel and in which the
15 resulting aqueous raffinate and alcohol extract
phases are obtained at the bottom and top of the
vessel respectively.
10. Process to prepare e—caprolactam wherein the
following steps are performed:
20 (i) an aqueous mixture containing 6-—
) aminocaproic acid, 6-aminocaproamide and
their respective oligomers are reacted in
the liquid phase to e-caprolactam at a
temperature of between 270 and 350°C in a
25 reaction zone.
(ii) ammonia is separated from the resulting
aqueous mixture to a concentration of below

0.1 wt.%,
(iii) e-caprolactam is extracted from the aqueous
30 mixture obtained in step (ii) by the

process according to any one of claims 1-9
resulting in an aqueous raffinate phase and
an alcohol extract phase
(iv)  the aqueous raffinate phase is contacted
35 with steam to separate any dissolved
alcohol solvent from the aqueous raffinate
phése



