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PROCESS FCRV*hﬁwﬁﬂEPARATICN OF CAPRCLACTAM IN THE ABSENCE OF EﬂIﬂEﬂ&W@ﬂBY
CONTACTI NG ‘6- AM NOCAPRO C ACI D DERI VATI VES W TH SUPERHEATED STEAM '
The invention relates to a process to prepare [err]- caprolactan1by
treating 6-am nocaproi.c acid,  6- : an1nocaproate ester or

6- anmi nocaproani de or mixtures =~ 10 conprising at |east two of these
conmpounds in the presence of .super-heated steam in which a gaseous

t : N Era
'guéhu;ep%ggﬁé@cm s@mgg@bﬁ\ﬁw DR Eﬁ%éﬁgapélﬁ‘{s uYI(f%Nérlon

describes a process to prepare = 15 [err]-caprolactam by treatlng
6- ami nocaproi ¢ acid, 6- -am nocapr oam de or mxtures of the two Wi th

super heated .. steam at_ a Lenperature from 200-350[err] C and a pressure
of ~ between 0.05 andTBesiRpsnt¥Ae pedrtesstrt @ HF@CSSPaFﬁeHrePare

when a non-vol at glea ﬂa;abeameyctéeaa&ﬁgystaminabaprochcharesent The
pressure is preferab ﬁﬁacc 1 and

D S WPa. It ne FROSeYRDGoAte S8ts? 4R GaowipagebapeRiAe BroDLYCIRRg: ir
could be - 10 pempnmsédgaataneasphEWoccﬁreneaeecoﬁbbunae énathees
st rati ng t hepBRgafakaby pRREEEEa  GELAR! 10PURicn 2DoalBELAI TR Al
at mospheric pres avantage of nown
process is that mixturehcgmpyieing areasnpyaeﬁaauaaéletﬂﬁenlﬁhebtalned

non-vol atile - phosphsﬁbﬁ aC}gslobésssgs a¥besibaa mhoeesz‘a BSSB@ELBOWBO'
in the absence of catal %gg} hest yield 30 [lustrated in the :

exanpl es of US—A—§6§8§§53 ion ﬁ§§l?ﬁ§ 658r8Feﬁ5nt9oP§FPP§e
phosphoric as dSel—Sapriactam byadraataggoasahenauapremeca_a_hdrreasur es, such

a5 the Use - neneBihoRel-a0nias! b Leactar BECthal vl uReR Blporneatea

Furt her nore when roam
will . be consunedsbeéausé anﬁenpenature frmeapnaaéoﬁplandeafprgeaure of

between 0.05 and 0.5 MPa The best results are obtained
- when a non- volatile phosphorlc acid- catalyst is also
20 ?resent; The pressure'is prefefebly according to the
description between 0.1 and 0.3 MPa. It was presented .
as an advantage of this process that it could.be .
performed at atmospheric.pressure.-All“the examples'
~ -illustrating the non-catalyzed process variant were
25 performed at atmospherlc pressure. '

' A dlsadvantage of this known process 1s that -
hzgh yields are only obtainable when the non-volatile
phosphorlc.ac1d is used. When the process is performed
in the absence Of'a_Cata1YSt the highest yield

30 illustrated in the examples of US-A-3658810 is about
'~ 74%. The use'of-non—volatile phosphoric acids is not -
advantageous because special measures, such as the use
of ndn.corfesiﬁé“tEéctor'material; is needed.
Furthermore when 6-aminocaproamide is used as substrate
35 "the”catalYSt will be consumed because ammonium
phosphate..zill.be formed. -



" ~am nocaproi ¢ acid and
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=22 . WO 98/37063 The obj ect of the present I nvention is apcrmgg/mhe
~process to prepare [err]-caprol actamin a high yield starting from

6- ani-nocaproic acid, 6- anrnocaproate - ester and/or 6- anrnocaproanrde ‘5
‘This object is achleved in that the process2 - is carried out inthe
absence of a catalyst at a t enperature between 250 and 400[err] C and at
a pressure of - between 0.5 and 2 Mra. : It has been found
that with the process 10 EheooH]agttoftthe|pWEﬁEmtwumwe¢tyonlﬂs ao

Lor ] eaPr ol act 2B)mp1 ¢CARoBEs 80D N ENED: L AN 00 G4 2Bl R ALYR! 1o

present . Another ARt IS t Act I vit r eac
hi gher when conpék%@tlbgtﬁeOECGer¥?°%§Pr°1Ca§%®%ph@r$m1$¢@%3n¢@teBecause

of the higher- acéggéiyaﬁ§/°§n@Lgﬁingﬁgﬁpgémpgg|pnent can be used.
US- A- 4599199 describes a process efr]-caprol act am by

4
treating 6-am nocaproic ac?ﬁlﬁr?h3ecg sgp%?mk%Y%é 1 Rt o 5?fPE?G¢§%d

alum.na bed at- is aaﬁasaaeeue pheshergbsdiice PRt£n¢apabysecaaton teaches a
20 catal yzed prgce are '

[err]-caprol acta ?P%F?Fﬁﬁe betV?%ﬂt%5§ﬁ§W§c§§¢ # lgie a?épt%?s%&%ﬁﬁte
described in beSvaen780548nd| 2 MPas patent publication a process is

described in which 6- antnogepﬁgéc%gghdfbﬁn tﬁ&hﬂcﬁﬁgnproce

[err]-caprolactamin the |i ase Int sence addi ti ona
catal yst - at 18 t eApePEfing EP QbG[EﬂY?EF1¢% BH%% Yleléﬁpﬁ%césgaﬁF?l%ﬁF%m B

reaction ”‘XturecéﬁnbélQbﬁﬂeﬁéﬁréven th@@@ﬁouaﬂi&ditiﬁﬁ@mvéﬁt £t is
i-s, obtained. esent

t
30 "G T erent nekaegent. ARPHASE, adyritase abhahan the SCETHILEEE thle:
whi ch phase doesreactiontasnhtgheramhentcomparmdntmstMé acicbnifey t 2t

starting conpoun émé‘fﬂﬁeg%&grgtgafgﬁréecgtgé &8 e%{,ta%@ec@f&ft{ée the

purlflcatlon of Terr[=ca am.1S easl er
_ smaller process equipment can be ‘used.

US-A-4599199 describes a process to prepare_
€- caprolactam by treatlng 6-aminocaproic acid with
superheated steam in a fluldlzed alumina bed- at

_ atmospheric pressure Thls patent publlcatlon teaches a
20 -catalyzed process. ' ' : ;
' ' ' Processes to prepare e- caprolactam starting o
from 6 aminocaproic acid are for example described in
- US-A-4730040. In this patent publlcatlon a process is
described in which 6- am;nocaproic acid is converted to
25 e-caprolactam in the liquid phase in the absence of an
~“additional catalyst at”a temperature of 300°C. In such
a process a liquid reaction mixture containing e-
‘caprolactam,  UNconveEiEsee ; - antwoeaproic acid and
oligomers is obtained. The present: 1nvention_1S"
30 different because e- -caprolactam is obtained in the
' gaseous phase, which phase does not contain substantial
~amounts of unconverted starting compounds and/or’
oligomers. This is advantageous because the
purification of €~ caprolactam is ea51er compared to'
35 'thls prior art process. _ o

.The process accordlng to the 1nventlon is

‘carried out 1npthe_absence of a catalyst. By catalyst



_35 this prior.art process. ' " The process -according to the
i nvention |SWO93/3(? ried out in the absence of ‘a catal yst. By R,faflﬂlagﬂé'lﬂﬂm
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- 3- it is meant honbgeneous and het erogeneous catalyst - -which are
present .in order to catal yze the reaction:-as for exanple illustrated in
the earlier mentioned US-A- 3658810, which illustrates a. hom)geneous

catalyst and 5 <, N USA4 99, WhICh i trates ahetero 0
al umi na cat al yst iy ds %bo “e#’ﬁ% n"tlff%a
negl i gi ble aeruthJic}am ai:;estedtl km cu:nda:mrtub cai:alilsyzpar dﬂmtre/&utr:tnrccns)ound

does not affect I n the
absence of a 10 cat a%@aﬁj accord‘dwa{t%qfhl)hs qt%vger#l%\é's%ﬁhdﬁh% Af
starting nixture$6S&BHA . siwhiah llluséiﬁ%t@ﬁarﬂ diamaoganeous fatalgh and

ester and/or &- jin UNUALOAY0RT QhiCH) 1@@%&&@ PhetdtdyEndinsesses.

For exanple in US.A-4730040 a rocess I.s de | 5 which an aqu,eous
‘mxture i$ obtai REEERAR Fak "ﬂd’igﬁcﬁ aa’él"'él alh @ RKReess,

lerr]- gggr g| act ambslcl ta rrsegngmblbe d&xdmmdﬂ/hel emtaa.m-eukéttrdmund\ .
EP-A-7 43 a process | Ccl.l bed I n an _aqu ture |
obt ai ned cont ai nﬁ‘r?gpéseﬁﬂrh ‘ﬁ'&%’r SR Vég ) Q?ﬁﬁepq' tl)jﬂeder%$ ion
[err]-caprol act amodlisaksiyar tisng fp:mueass cafr:feﬂ rqziWalrertatae alwtance of a
Us- A- 50683981@Iesg I8 sac acod¥dX c}%sstd st ghy .\;g}lc],_q_qﬂpous m xture is

a

- obt ai ned cont al n| 6- am noc oat e ester sone [err]:caprolact am _
“starting froma 5-for rryl valentstaxhing mixtures comprigidigi&nting

conmpounds are preﬁﬁmﬂ&p&:m aciyy @%&rrmdap%‘ddt@@yﬂer GriIji J¥O C@pr 0i C

am de because el ds 0 e Cc ol.act am e p033| bl e when start| ng
fromthis conpouff* r%@%’ %%oc%‘%ﬁ& T1olft/RpOCcesses. |
6- am nocapr oani dé‘axorm:imp]rq mmﬁmmm/a)rpﬁread |:tga)rﬂesrnfbed in
‘E-caprolact a6y ré&xfecﬁfé qnﬁiwz%f is ot AT AN 14y @ be

present. A typical m xt ure
: aminocaproic acid and some ¢- caprolactam start:.ng from

5-formylvalerate ester. Further in EP-A-729943 a
process is described 1n_wh1ch an aqueous mixture is
obtained containiﬁg 6-aminocaproic acid, 6-

- 20 emin6Caproamide and e-eaprolactam also starting from a

' 5-formylvalerate ester. US- A-5068398 describes a
process in which an aqueous mlxture is obtained
jcontalnlng 6- amlnocaproate ester and some e-caprolactam

_ '-_startlng from a 5- formylvalerate ester. ' '

25 - The starting compounds are preferably 6-

' _amlnocapr01c acid and/or 6-aminocaproic amide because
high yields to e~ caprolactam are possible when startlng
from this compound. Next to the 6-aminocaproic acid
'and/or 6- amlnocaproamlde some e-caprolactam and/or

30 oligomers of e-caprolactam, 6- amlnocapr01c acid and/or
6- amlnocaproamlde can be present A typical mixture
.which can be used as starting mixture for the present
invention comprises between 5 and 50 wt% é—aminocaproic

_;_acid"lo and 50 wt% 6- aminocaproamide, 0 and 40 wt% e-

'35 caprolactam and between 0 and 35 wt% of the earlier

' ‘mentioned oligomers 1n which the total of these
fractions is 100 wt. %. '



which can be used as starting mixture for the present  invention

e

conprises beay®lgarges and 50 wt % 6- anrnocapr0|C' ~acid, 10 angcpRred/ites:

6- am nocaproamde, 0 and 40 w% [err]- caprolactanrand between 0 and 35
W % of the earlier ment i oned ollgoners in which the total of these
fractions is 100 wt.% WO 98/ 37063 - .- . |

PCT/ NL98/ 00082 - : - - 4- The

6- ani nocaproate ester: conpound can be . represented by the follow ng
- general formula: - 5 The 6-ajminokaproate ester compound can be

1) wh R L1 b
gténs and ngrg pF% erab y mr%%.%ﬂfp%%ﬁggﬁ ﬁoggngg%g %°E%He organfgrg?gup

is an al kyl, ‘cycloal kyl, aryl 10 r0aralkyl group. Mre preferably Ris an

al kyl group. - Exanples of R roup i nclude nethyl, ethyl, propyl,
i sopropyl , n-%utyl tert- bﬁ%¥f‘8 RebBtPR, cyclohexyl, - benzyl &kl
phenyl . By preference Ris nmethyl or ethyl. “Starting

~mixtures can al sghlegeoli alsngd-etﬂérhm_y-lin asegbﬁdcagrda@cmbad ibegowo
Processes startlggﬁ%Fpnr nrnoca %bée ca al.so yield grxtures
conpri sing 6- ﬁb@gﬁw5| m&res Fed inb &v& RERQBous! y
used in the proce$9mmccam@ ngganlbhgrnnpenslan.alkylPrcgeisaikya paeyar.e
~e-caprol act I es;are f

described in %IIaEQ1%§§5 %gu hygq%a Eﬁ&tgtl%nggeggrﬁgeggkﬁgrocess
to. prepar e [@Wﬁmgéﬂ@wﬂfa@taﬁpwyscéﬁpéeﬂﬁn@eGhyﬁhnG@bﬁl@nPFPPNér " in a
cyclization zone jWdph lerd-%uEQQ | iceeicd pakgae %%obut t%?EQbﬁb&&Q of

Xt ur o cont al ni BEREYL b RESEY L'r%ﬁas%ra%%%‘ééﬁs;ﬁa”psrﬂrfc%5?%*—
precursors, foor exanplSt&raﬁmgouﬂnmamesaoad aﬁsonbeoobpadnedabydehe
' ' 15 ‘method as described below Processes starting from 6-
' aminocapronltrlle can also yield mixtures comprising 6-
aminocaproic acid. Such mixtures oen_be'advantageously
‘used in the process'according to the invention.
Processes to- prepare €~ caprolactam starting from 6-
20 amlnocapronltrlle are for example described in US-A-

'5495016. This patent publlcatlon describes a process to
prepare e-caprolactam by contacting 6-aminocapronitrile
in a cyclization zone with water in the liquid phase at
a temperature of about 300°C at super atmospheric

25 pressure resulting in an aqueous mixture containing -

' ammonia, e-caprolactam and e-caprolactam precursors,
for example S-aminocaproic acid,'s-amihocaproic amide
and oligomers. The weight ratio oligomers to ¢-
caprolactam is about 1:3 according to the examples. e-

30 ‘caprolactam is isolated by dlstlllatlon ‘The ollgomers

" can be further converted, according to ‘this patent
publication, to e-caprolactam by either recycllng them
to the cyclization'zone or treating them in a further

~ reactor in a similar- fashlon as performed in the
35 cycllzatlon zZone . '
A dlsadvantage of this process is that hlgh
concentratlon of ollgomers are present in the reboilers
f-of the various distillation steps. This can result. in



and ol i garrers The wei ght ratio oli gorrers to e- caprolactamis about

1: 3 accordi ngowsma exanpl es. [err] ) caprolactamis isol 2CTNIS/00082 .
di'stillation. The oligomers - can be furt her converted, according to this
patent = - publication, to [err]-caprol act ang b_y ei t her recycl ing them-
to the cyclization zone or treating.themina further reactor in a
simlar fashion as perforned.in the 35 cycllzatlon zone. ' A
di sadvant age of this process is that hig concentration of oligoners
are present in trfe ldms |daes to soéﬂdtilféc@&raoausfdutae laldgomens dos Pipass
- Ig?:'rll'/ hﬁ;g} E)Obgz t@ﬁ/fﬁilﬁ@%ess exlpmelntd fFurtExermor.;(e & caplrolactam

ou qQ solidification o e gli.gomer
pipes - and ot é'tllpm PRger thess °z§’(‘:'3(1§r?1 63

pol yneri ze to ol wartercf whdere tdamltam:dmt mays podymerise ¥ozfordimg to
[err]-caprol acta 1ROV el AR §§1‘§r§‘$1{%§ tr%suitl'i@'i"@ % hd¥s of yield

US- A- 5495016)" r eSu Nng i'n & I"'0ss”
(1) contacting 6P&X P& oni tr| le wth wat er under hydrolysis

conditions, (2) separatinggat@n cont%@tl Iafni nMd ?fdﬁtfﬁl@%lﬁthe

hydrol ysis .10 reaction, and (3) contactin the resul.Cing mxture wt
super heat ed st eaMWe&@ZoNGRT Hy rl?é-Yﬁrl(?c&ﬁ'l ndf2)o separatying water

ItﬂventloE Lhesga@fd)&nﬁl&d :@remmerpqr@ formed in the h| dxtolhﬂsiéoegn f.gund | |
at with the above ., des pro rrl]-capro c.tamc.a e obtained
15 starti ng-9 r.omhe8 %%cé’ﬁrdo C’I°é&\ﬁ| % t%q? ’%@é’& " -
further process Isrm@enhegmw stfetamnacd:oard:.lmg to tmreocpmess accordlng to The
contacting under gk in any manner
known to 'one ski It?ﬁ%rl r@d&ﬂ% %te%ﬁgobl yS’R’fﬁqJr Si's ‘conditions the
nitrile group will readit Wash begmet Oﬂ-’@dar\'-h@rﬁ a6ty @baye
car bOXY' ic aci d dledénided YPoUUsy dHdptloldictam can be obtained .
.15 start:.ng from 6- am:.nocapronltrlle without the need to
recycle or further process the ollgome_rs formed in the
process. ' ' ' '

By.

The'contacting'under hydrolysis conditions
can be performed in'any'manner known to one skilled in-
20 the art. Under these hydroly51s condltlons the nitrile
- group will react w1th water to an amide group or a
carboxyllc acid- group and ammonia. Hydrolysis
condltlons can be achieved by contacting with water in
the absence or presence of a hydrolys1s catalyst for
25 _example a (Lewis) acid or base as described in for
'example I. March, AdvancedfOrganic éhemistry; Third
ed., Ed. J. Wiley & Somns Inc., 1985, page 788 or in
Organic'Chemistry, international Student Edition,
~Second ed. Mc. Graw—H111 Book Company Inc.; 1964, page
30 307. S B
' _The'hydrolysiSZreaction can be performed in
"the liquid phase in the_presence'of'homogeneous'
_catalysts,'for'example.aqueous NaOH-optionally'
containing'HZO,, aqueous H,SO,, formic acid, HC1 or HBr..
35 Preferably heterogeneous catalyst are used 1n large
~ scale processes. It can be advantageous to contact 6-
j'amlnocapronltrlle w1th water 1n the gas phase, for



condltlons can be achi eved by cont act| ng W|th wat-er in : t he absence or
presence of wom/mas ysis catalyst,  for 25 exanple a (Lew s) PCI/MLSS/00bs2SE -

- as described in for - exanpl e |. March, Advanced Organic Chenmistry, Third
ed., Ed. J. Wley & Sons Inc., -1985, page 788_or in . - Oganic Chenistry,
International Student Edition, - Second e M. GrawHi I Book Conpany
Inc., 1964, page 30 307. . : The hydrol ysis reaction can be
perforned in . the I|qU| d phase in t he ‘presence, of hom)geneous

catal ysts, for SXampke When & IpOeWNTSHATIle is (Qi?ﬁ%%ﬁd\@nﬁ[téte.]ﬁ%rr]
aqueous Hf err] SQiddd . id 4 Nprevidul. pig'cé?h’s 'ﬁrep 3@05@:@1@ tamples of

het erogeneous catal yst are used in large - P ocesagtras I"t _ can be
~advant ageous t0 TRgengrous c%ﬁﬁ%rﬁ%ﬁ%# %It Y8ty 5% gas
phase, for é&ﬁr&ﬁié‘ﬂﬂﬁﬁlca gel, 5111ca -alumina, supported

PCT/ NL98/ 00082 ca trllels tained in the
gas . phasg i r?thoiﬁ}é?ﬁlo%s r%i‘gfce °"§R elgﬂ Pos: s#igf '1; ]gé) ates, Loz
het er ogeneous ca&:alnple eplmssgﬂiat:hsacarc& (mﬂaﬁaytas dﬁ)ralumlrmmmlhnmzi ared geI

'S|I|caalumna-' ﬂ{;ﬂf‘{) Idy pg}?% and :
sul fates, for. exarrp’l e pzﬁ%sp ates ancil' %ﬁcaa%sgs%{% %um nrum g’?%n and

gal lium transi tRaye mfides Qi sansdiumy ghQige @anganegs.c Fates of
vanadi um . chr om dBBa Y@ & SEckd T onme cateiiald andl r@ﬁllﬁ' hee aatel yst

are veneral ‘ol (1 10 Lybp AP QUELT B Mg gt dorydet Tom che
step is . prefgm&tﬁadﬂﬂmméﬁbt&mhs@m[err]c One skilled in the art
an GRLL Y detervine e OBia Wl SUR WL b ol WA 10
or |i.quid phase prefewaklys hetwrsen 13 andirdd 0, .s Qne cﬁiﬁrlrl]eﬁﬂ ckn the téﬁe: :
J'qU'd phase"’éiﬁfeﬁéﬂﬁ¥ dEvBanild thd UPtAh tErfperature. The
- ‘15 - pressure of the: hydrolys1s step w111 depend on the
‘chosen mode of operat;on,_l e. gas or llquld phase .
process. When the hydrdlySis is carried'out in the
liquid phase in the hlgher temperature reglon of 250-.
400°C more e-caprolactam and oligomers of 6-
120 _amlnocaproamide 6- aminocapr01c acid and/ox c-
- caprolactam will be formed. An example of such a high
'temperature/pressure hydrolysis is the uncatalyzed
hydrolysis described in the afore mentioned US-A-
5495016. S | - o
25 The products formed in the hydrolysis step
~ are for the most partes aminocaproamide, 6-aminocaproic
acid, e- caprolactam ‘and/or the above mentloned
. oligomers. o L
_ For the performance of the cyclization step
30 it has been found that it is not critical how the’
phydrolysis is perfqrmed;'The'different_possibler.
compositions of the hydrolysis mixtures obtained in
- step (1) can all be- advantageously further processed in
steps (2) and (3) to yield e-caprolactam. '
35 It cdn be advantageous to separate e-
caprolactam (if present) from the mixture obtained in_:
step (1) prior to step (B)Q Separating_eecaprolaetam_.1



400[err] C nore [err]- caprol act am 'and 'oI'i._gorreré of 6- 20 ani nocaproam de,

6-am nocaprowggggyﬂmand/ or .[err]- - .caprolactamwill.be for rF?:ﬁl‘lNﬂl/ﬂﬂﬂﬁ

' exarrpl e of such a tenperat ure/ pressure hydrolysisis

uncat al yzed . hydrol ysis described in the afore nmenti oned US-A- _
5495016. 25 The products for medih-T he hydr ol ysi-s step are
for the nost part 6-aminocaproanide, 6-amni nocaproic aci d, ' '-
[err]-caprol actam and/ or the above nentioned ol i gorrers. '

For. the perfor rram We tgerfvpulad divt cflausteeqarr@ﬂe ielx thee tigan tfsmugi ﬁdlﬁt it

s not critical h S erf he di fferent possible
l:orrp03|t|1)nls of £ “\%@‘&r(ﬁlﬁ}sﬁ%ﬁﬂw | Ihé‘é’ gn}e m;% -E' p (1) cag aI: be
advant ageous! y f datilehdquoetdane] iamd phesrodss (lié-)kealdbdégylmhqncél hs _
E-caprol actam 3g xtract')lo]pr ar%ézﬁcsCfH}X‘te édvg'ib%%g'és TfBrS%&% tl%lhel”]

caprolactam (i f present ) prior to

step (3). Separ afefgyla-Renhangla@ad-ethyl dphrgannies
PCT/ NL98/ 00082 campue HyAYA) ygg_(g tg(-_efxpr(qum %t@ﬁ r @ot ldHh Usd Ng

for exanpl e chl or,of oy m_ di chl gr onet hane, -1 1- i chl oro t hane,
and phenol's, i ké’ pfeite ftep, Rj}r‘F a’g}’erﬁef%?mé[ err]
alh'coﬂoljs, | for_ extipdrel4rsish inainey [1iZnheh phase mncﬂmwndom«pnol

The hydrol ysis ste 0 e st or
‘exanpl e by: perf or‘sﬁ%ﬁﬁtﬁg{y V;Satr#d aﬁ%s‘-’ﬁ%@“’qﬁ'a{ H‘-é:ﬂ%‘ ?HI d%ase dr?u&%rg
continuousl y10  byeeaagcuas et emumamrawm ideh arixture 10
by evaporati on. %%&%&@Z%Qﬁﬁi@;ﬁ MR WHISI the éoe.lﬁﬁrir} e @ ééked at i 0”_' '

in which the colunn lS pa het er ogeneous hydro yS|s (acid or

base) catalyst. e YR IFRRR hypdnolysis viacdd é’rﬁﬁ?ﬁsf nisatAyshd the

-The top product will be .a water/ammonla mixture and the

_ _bottom product a hydroly51s mlxture accordlng to the
15 - process of the 1nventlon as can be obtalned in step .
- (2). . ' S ' _
' if step (2) is performed separately then'this
B ~step is preferably performed by distillation. The
'-'pressure at which the distillation is- performed is not
20 critical. When step (1) is performed in the gas phase
"the hydrolysis products of 6-aminocapronitrile can be
s1mp1y separated from ammonla and steam by for example
. partial condensatlon ' '
The 6- aminocapr01c ac1d or 6- amlnocaproamlde
25 'or mixtures comprising these starting compounds whlch '
| are obtainable by the above described processes, are-
| preferably contacted with the superheated_steam as a
liquid, for example as a melt o
At least a part of the water present in ‘the
30 mixtures whlch are . obtalnable by the above descrlbed
'processes is preferably removed, for example by
~distillation at a temperature of 60-160°C, preferably
at a temperature of 80-140°C. It has been found that :
the amount of water in the startlng mixture of the =
35 . process accordzng to the 1nventlon is preferably as low
as p0551b1e _ ' - o ' .
Preferably-the starting compound or mixture ;



botton1product a hydrolysis mxture accordlng to the 15 process of the

I nvention a obtained in step. (2). ) T
is'perforneﬁv(ggé@g@g@tely then this step I's. preferably performe %@0&2
distillation. The pressure at mhlch the distillation is perfornmed is
not 20 «critical. Vhen step (1) is: perfornea Fn the gas phase: . the
hydrol ysi s products of 6-am nocapronitrile can be sinply separated from
ammoni a and steam by for exanple partial condensati on.

The. 6- am nocapr obg §§a9t93%6céﬁp8@&d§rP@ﬂbﬁﬁuéﬁt £ﬁt61ééﬂE§§tGﬁf@ﬁ'§hég
~these starting conpounds re obtai nabl e, by . the above descri bed

processes, are st %We?%rébt&qttﬂt%%¥ﬁﬂrﬁﬁ??P??kp FREUeeR Cr1R8ast a
liquid, for exanpatess moﬁalpreferably betweer 0+ Baswt o% priteofande wat er

sent th t d bed
Drocesses i s prPerdry PERBUR.T, B, SL A atty oobila ol seResr 2%
tenperature & 6PpreBerablyChebweénrddry00 wtat oft shartingreompounds.
80-140[ err] C. 'tTﬂ€S Eﬁfggﬁgurocggﬁﬁds ca%hgv@ﬂpﬂgtféd VGl Bhel Polibfor

'starting mxture o Ss according to the invenfion 1s
preferably as |oln a fé§e§ﬁs§¥E¥@ed solid form. preferably the starting

~conpound or mxture yﬁe9§é659§§ture durlng the contacting w1th :
- PCT/ NL98/ 00082 £$ %art
conmpounds i s broﬁﬁﬁtSVH?BhEBH?§c§tﬁF?h1?H%gtwee%t%§%1%%d 9 % P xt ure

.cont ai ni ng hﬂtmepneﬁeﬁﬂbmy_ﬁetweenazeu andresQref cThdl prossueenid- 20 W . %

Lo 207 et ncbiEGReA0 80l 10 ot SELISEBOONE b slaqlBEct et
conpounds can evén5bEPaedTempﬁﬁetuéeﬁtb#gher than IS0 yaxevpeed solid -
form ' dlsadbﬁntgﬁaéﬁétﬂééaggé'89 the $O8s a1 "Gcditénce ot e
superheated steanéégag§€¥en reactlog cag fﬁé]éigﬂg loss and cau51ng
15 - undesirable by-products maklng the purlflcatlon more
| difficult.
' part of the steam can be substltuted w1th an
1nert strlpplng gas, for example nitrogen.
' In a continuous process the steam-feed ratio
20 (in weight) is preferably between 1 and 20. This feed
'~ -is the total weight of 6- amlnocaprolc acid, 6-
.amlnocaproamlde, ollgomers and e- caprolactam present 1n_t
; the starting mixture. This feed does not include any |
_ swater whlch may be present _
- 25 ' The process is preferably performed as a
o contlnuous process in which steam is contlnuously fed
‘to a reaction zone in whlch the starting compound is
present. More preferably the starting compound or
_ mixture of starting compounds is continuously or. semi-
30 continuously fed to the reactor zone as an agueous
mixture, in which the feed has a temperature of between
room temperature and the temperature of the reactor
~ zone, preferably the temperature is between 50-150°C.
The continuously operated process aCCording
35 to the. invention can be practiced in a: reactor-
apparatus which is prov1ded with an inlet for the
starting material,. an outlet for the steam/e capro-"



10 preferabl -bet ween 270 and 350[err]C.- The pressure is - between 0.5
and 2 MPa. PVEX8RZ¥By the pressure is-below =~ 1.5 MPa. TenpdGRNESH0082
hi gher than 350[err]C are nore . dlsadvantageous because of the possible .
occurence of degradation reaction causing yleld | oss and causing 15
~undesi rabl e by-products naki.ng the purification nore difficult. _
Part of the steamcan be substituted with an =~ inert stripping gas, for
exanpl e nitrogen rogess the steamfeed

ratio 20 (in welGFER™ PL0MCE gg%%%éﬁ%iu%ﬂy@nﬁmtg%@@c h that | he
total weight of &hemQtwpriei contiadted with amenmmtdmg datetadmg.qrrm and
el Udoany. - ReBERYH e, Yptg ope L sBinip Y Wik < neb el BEACRC !
preferably perforpsdomaldy witdhont mixing geviess Mo Vol dsh ma@&mrl ¢he
~conti nuously §6dgftert519§a Jonchind 2" € He gﬁh cal2e el %rotntri%u“o%@i nd is

present. More pr the“starting conpoun m xture of starting

conpounds i s confeRuodsPpasiblenireaglor: g ignddiddized beg meactOxct or zone
as an aqueous co@bﬁmﬁwhg'ﬂﬁé&%‘@Brtﬁ%l%%GthWhr%htQﬁ@ﬁ&ﬁkﬂ&% Qb tmeen

room t enper at ur € _.ang the f ure of the reactor ne,

the tenperature Fg %gp%%eo . Alother exampleTﬁ #% .
oper at ed proceSSaanmmmﬁdmgaEStube &hectmweMbmdm@pamrbeammmgnaxaé bm.a S
react-or pa h_i 5% starting

mat eri al , anla(gut F"%IE"%?IO\M;{CS %n%n% prx\ghg] a%%/\ﬂg S’% 8’8\5{]% are '
PCT/ NL98/ 00082 present. Also means are presentowhich pnearemé:mfmudd@gt and

means for suppl yb@gtﬂeewt%ﬂert Ralssel wallQ SnRPRHiTHC PRlRpad i th the
starting materi al reactor I's optlonallyﬁggﬁhped wth a heatlng'

device and BPF&HEﬂIftﬁ sybstYeng FORtast 9T Bassstrepstes.
starting conmpoun@xampliese oft eabtablebeeactiormuars yacked edwek- pzqi:el bl e

reactor A algl Ul_,_.g %%%rb,e%nreeao%t ?n%ltlple staged bubble columns or a
mn1t1 tube reactor. ' '
The gas phase obtalned in the process
'accordlng to the lnventlon w111 comprise steam and e-
caprolactam and opt;onally some ammonia, for example o
20 - when Seaminocaproamide is e_starting compound. The e-
caprolactam can be isdlated'from this gaseous stream
 obtained by the“process.acccrding to the invention by
normal methods known to one skilled in the art, for
example as described in US-A-3658810. Preferably e-
25 caprolactam is isolated by partial condensation in
' which a liquid agueous phase containing e-caprolactam
and water and a gaseous phase containiag,steam is
obtained. The steem_can_be'reused in the process
. according to the inventiqn, for exampYe by first
30  passing steam via a Heat exchanger.'Preferably any
- ammonia present_is separated befbre_reusing the_steam{
e-caprolactam can be isolated from the condensed
aqueous mixture by any-separation,technique,:ﬁor
example distillation or by the~above described
35 extraction. The Waterlphase, poof in e-caprolactam,_can
' be reused in the process. Preferably any ammonia
‘present is separated'before'reusing the water.



containing inert particles in whi ch the bed is kept fluidized by the

st eam - Anot § le of a reactor i§" a horizontal tube /1 ng
a.rotating gngﬁé 0 which axis neans for mxing and/or trans @#@&m&) :
present. Al so neans are present which prevent- fouling - of the interior
‘vessel wall and which pronote an - optimakOstean substrate contact area
for mass-transfer.’ .Exanpl es of suitable reactors are packed tower-type’
15 reactor, one or nultlple staged bubble colums or a . - nulti-tube
reactor. TheI%%Spﬁ&%&ﬁloEbﬁﬂ@ﬁgatﬂohhispbeﬁﬁéimed agcgor di ng
to the invention will |H§#se stean1an wk % caprolactam and .

~ optionally sore §ﬁmﬁﬁ§§ ot 305 RA036  WRERE r&PﬂHbé&pPo&ﬁWBérP§u£e of

starting conmpoundooFhgde@.r It has bepnholfachdncedrikali thhat etefl pemibh s

aseous stream ht r ss_accordin Q L avention b
%ormal met hods kﬁ&vﬁ”f‘% gﬁ% 3% k’ﬁ]‘g&& %‘F gagef:us B‘thure 3&%&18 a he Y
descri bed in 3S- £e3658810.s Roolledabby the 2Bmpexpturacvdnthe pastiadd by
partial condensatjg S'n%atlonwrl' 1 g2 ghbghyi Qsa BE%E‘MQ“EB%%&BE@' %@Sd

e- capr ol act am wat er an aseous p se cont al nr ng
obt ai ned. The stémscaaf tfeqa@a@éec am.hBrpgfezabdy thesgee anagO@othﬁe

i nvention, for e&@macezbmxtru&te 3@ p@%&&t&adsmww goasBeahasxcharger .
Preferably any nla gﬁ entpls seﬁarated bef ore reusin thﬁFiﬁeam
¥

[err]-caprol act aRf PoReCRBIS,ATENTRFE PrefgrL Bre by
any separ at i o, tamhmemmndétﬁrom leaxdbnpgl €hdi seakkati.on or by the above

descri bed 35 extraction. ﬁ@. é%%r%ﬁgégampggﬁ Eﬁbggéﬁknti 8Iactan1 can

be reused in the process. any “anmon resent -1's separated
before reusing t panified by metthSQBHQWBGSOr purifyung e-caprolactam

PCT/ NL98/ 00082 'obtalned by Beckmann rearrangemeng 'An examglarg m.ethodhe
partial condensation is perfornmed at _a mper at yr e of. 8 [err]C

' preferably at a P@hﬁ@? p@gbg caprolactam 1s descr bed in US-A-
15 5496941. : - : :

In one preferred.embodlment,_the3pnrification'
of the e-caprolactam comprises the following steps:

1) - contacting e- caprolactam at from 30 to 80°C and
_ from 0.1 to 0.5 MPa over an 1on exchanger
20 containing terminal acld_groups,_
- 2) treating the mixture obtained in step (1) with

hydrogen at from 50° to 150°C and from 0.15-25 MPa
in the presence of a hydrogenation catalyst and

3) separating water and other light components by
25 distillation _ :
- 4) 1solating €~ caprolactam by dlstlllatlon

- The order of the ion exchange.step (1) and
hydrogenatlon step (2) can be reversed if desired.
Steps (1) and (2) can be optlonally performed in water _
30 t or another solvent. This purlflcatlon procedure results
in e-caprolactam of. very good quallty The ion exchange
~and hydrogenation treatment are known methods for
' purlfying-e caprolactam obtalned by Beckmann
rearrangement and can be performed by these well known
35 wmethods. o . :
| In a second preferred embodiment, the
purification of the e¢-caprolactam is achieved by



100-170[errjC .1t has been found critical that the period of tinme

duri ng whi chwmﬂ/gomous m xture .leaving the 5 reactor is copﬂ:-gﬂng;oohm
*terrperature of the partial condensation is as short as possible to
reduce yield - | oss of [err]-caprol actam Pref erably the cooling of the
reactor mxture is performed within 60 seco , hore preferably within
30 seconds and nost- preferred within 10 10 seconds from | eaving the
reactor. The [err]-caprol actam can subsequently be
purified by met hmammuatlcpurmwrgrq@ess} Qém@mmumtlngob'rhened by
Beckmann rearr angepag alffz%eagpé é‘%ﬁi ﬂé‘rfr&hntgoncentratln%ne

[err]-caprol actam 1’s descri bed |n 941
preferred enbodi Mt5e4WW|$‘F%%%¢Wt1Y E#r%h"eo[%? rpsed pibrect v

conprises the follow ng St epge :l.nvexi&ionG@IlIECEe nalbeiddt EAPTOERCERE at

from30 to 80 er:#?%f\ 10 5 MPa over an ion exchanger -
20 con P ng o n'é{::f"ﬂlﬁ%pix €2) treating the nixture
obtained in step (1) with . hydrogen-at from50[err] to 150[err]C - -
and from 0.15-25 in the presence of a hydrogenati on cat aI yst
and 3) - sepavﬁgﬁ%]'ggw%ter and -ot her 1i ght conmponents by 25 - ' _
distillation - 4) i sol akj 5190 [w} rautegkare diayiny ahturlbiaemnxer was

The order of the {0 &xipEgS 86 59 éﬂamﬁs@ca roll 4openarhana @@15{ can
be reversed if deS| red. {) 1) and can be optlona pertor nmed

in water 30 18r a"fh‘irrﬂb%m%'@ Y %SIEEFFM %t?WW%W@rBEW?%rE_ in

Le(rjr] caprol act amﬂvyanasg@fﬂugwdléuhcramfet onfh@@f@sw@re J.naﬂde |
Ty ogenat on L SEAECS: s RRICTEAE R 0Ty e Pindy e SRRRSLEREET
known 35 nethodsreached 300°C a steam Ebhawwhsrsfarted etnbmdrmwft.heo
E%} LLSS} 6888(; /AL [ApFoR! %@St&mfﬁ apiy. eé’t?@ar@ycontalmgsé 37063
' .15 caprolactam leaving the reactor was condensed and
analyzed After 5 hours the condensed steam contalned
85.4 g e- caprolactam. The condensed mixture was
colourless on v1sual 1nspection The vield was 99 %.
, The autoclave was empty on v1sua1 1nspectlon.
o Example II
A horlzontal tubular reactor haV1ng a volume
of 100 1 and equlped w1th a rotatlng axis on which
' mlxlng.and scrap1ng_dev1ces are mounted was fllled
' 25 under nitrogen, with 50 kg of 6-aminocaproic acid. The
reactor was furthermore equiped with means to feed
steam and means to continuously feed 6-aminocaproic
acid (6-ACR). Addltﬁonally at the upper side of the
tube an outlet for the gaseous product was present
30 . When the reactor was fllled a steam flow of 90 kg/hr
' (400°C) was started. After two hours a flow of 10 kg/hrx
of 60 wt.% 6-am1nocapr01c acid in water (90°C) was
started. The reactor temperature'was maintained at
300°C and the pressure at 1.2 MPa by u51ng a pressure
35 valve and add1t1onal heatlng
The experiment was ‘run for 5 hours from the moment the '
steam flow was started During the experiment the-



crystallization in a process of conéentratlng; The crystallized

e- capr ol-act agpgstiss i NY fronlconcentratlng © "is generally s m@b@ﬂﬁ f"'
pure-to be used directly. -~ The invention will b§é£|UCI a%%d
with the 5 follow ng non- Ilnltlng exanple . Exanplel -

A 500 m autoclave having a turbine mixer wk& = . filled with 100 g

6- am nocaproi ¢ .acid. The autoclave 10 was subsequently flushed with
nitrogen and a pressure val ve was adjusted such that the pressure in '
the: - reactor gasenusnounthet flow. Qasmeonﬂﬁnaedhendeugkle¢ue® At tkeched

300[err] C a steaghhl gw pag é%gék?ﬂ ﬁg @héafg 81 oB08- amingbdfEo{@PLQKs 300

g/ hr). The steam containin capro actam | eaving the reac or was
condensed and Wa&néF?EEG -After 5 hours the condensed stean1conta|ned

85.4 g e-caprolactam The Qﬁadﬁﬂéﬂgg@ ébﬂéenw@atlsﬂleﬂr&eéép@alaééml in
inspection. The gleld was fc ave was_enp % %V|sua

i nspect i on. eEﬁaﬁﬁFBsPFe and the “eota A§ﬂ%??§oﬂfaf ¢ ACkyctor
having a volune obtafhedOWas aamcamateadbaséa anrbhatanalymisabndwhach

- m Xxing and scrap deV| S aLe poun Ss under nitrogen,

wi'th 50 kg of G-Sﬁ?nSEEB chaﬁéuﬁ mw% ngﬁ %?%fé § furthernore eqU|ped
with nmeans to feed steam and neans to contlnuously feed 6-am nocaproic .
acid (6-ACA). Adﬂk&h le&¥1a§ the upper side-of the - ‘tube an outlet for

t he. gaseous pro nt. 30 -Wien the reactor was filled a sfeam .
flow of 90 Ke¥ hr (A00FXAWPLy FAsWaEareReatediin VRACROLRE ECRTBIPRf 10

kg/hr  of 60tuke% €eddl BAE2ERAI stesmdfwwv%fé 4Pled! | $ae Wosble 1
"started. The reacgtor te eratur gﬁs mai nt ai_ned € - 300[err]C and the
i bEs

pressure at 1.2 §°ﬁ PRgCa"presSlPe®38 *98YVve®and additional heating.
The experinment was run for 5 hours fromthe nmonent the “steam fl ow was

started. Durlng ﬁﬁﬁmﬁi@eﬁtnent the _
15 _ ' Example iI was repeated except that ne extra
'~ 6-aminocaproic acid was fed to the reactor during the
course of the experlment See Table 1 for experlmental
conditions. ' '



VO 98/ 37063, ,- ' "~ PCT/ NL98/ 00082

- 12 - wgasem outlet flow was condensed and col | ected. p&I/NILD8/00082
end of the experinent the feed of 6-anmingcaproic aC|_d -~ was stopped.
The average concentration of [err]-caprolactamin 5 the condensate and
t he total amount of [err] caprol act-am ~ obtai ned was cal cul ated based on
the anal ytical data. ed_i-n Table 1.

Example 111-V 10 ' : in vvhlchthereactlon
~time, feed and the sfeam ! ow werelvar|ed.| Se¢ - - for process
~conditions and resul _ - Example 11 was .

repeat ed except that n‘gj e | i i was fed to the

reactor during the I able 1 for.

-experi nment al condi E ' :
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14 - W@ﬁ%ﬁwl e VII . Exarrpl e | was repeawmnysmsgh

the&feed stean1f|om1rate and the. reaction-tine were varied..

A reducti've anination aqueous mixture 5 contalnlng 8.5 wt. /

[err]-caprolactam 5.6 wt. % 6- am ncrcalp!rcnc acid, 9 w.

6-an1npcapr0|c am de, 3.5 ' .%ol igoners and apprOX|nater 73.4 wt. /

water is concentrated by_dlstllllng of f nmost of the water in a

fan1evaporator.E§Qm%QQ gIQf the resulting nixture COnprising 24.9 wt. % of
- [err]-caprol actam m pocaproi c M.

6-am nocaproic amde, 7 mﬂEgﬁﬂpiﬁoﬁeV§ Feped e aﬁ%r%§+%%t Seedr W,

~water is fed to gbeameflow rate afdttheereaction &lOe ipeye ma.edeamflow

rate was 175.15 g/hr. The rea&é gggé gﬁlﬂgélﬁﬁpégﬁéggée+yx§uggurs The

yield to [err]- caprolacta

Exanple Vil s ceptatimdngn8whi wh.khe-caprolactams Hafi€H. % 6- A

reductive aminat 5895§8g5 mp&ga%‘éﬁdm_étuﬁe% 6- amiﬂHBépfbﬂQ §r11§eYW3(V5

[err]- caprolactam am ngca |c aci
6- am nocaproi'c awtd¥ oligemers apd @PBFPﬁbﬂ% § n33rés§tt% ﬂa5e§ hf % H20

is obtained by 25ncdhtthtkengyoliisgRsiing obe weserofrtheanateuebnsa
reductive aminatiQn mxture, .in a filmevaporator. 100 - g of the

‘concentrated mi xE&t® PYPOFEBTrhe reactor. . The yield to
[err]-caprolpct anovayg »f98%Y%e resfltifgampkbur¥ comprising 24.9 Ereaﬁppé |

ﬁ?ithgeagﬁg tﬁéceg p&gi g, 16892 we. %anéhihsgaﬁroiédﬂéidvez@”3nﬁt'Qn

6-aminocaproic amide, 7 wt.% oligomers and
approx1mate1y 24.6 wt.% water is fed to the reactor
. (stirrer rate = 500 rpm). The steam flow rate was 175
15 . g/hr. The reactlon time was approximately 5 hours. The i
- yield to e-caprolactam was > 99%. ' ' |

Examgle VIITI . : : : : _
' Example VII was repeated in whlch the feed

20 - was varled _
A reductlve amination concentrated mixture
comprising 31.2 wt.% e- -caprolactam, 24.7 wt.% 6-
‘aminocaproic ac1d 31 5 wt.% 6- amlnccaprolc amlde, 12 3
wt.% oligomers and less than 0.3 wt.% H,0 is obtained by
25 distilling off most of the water from an agqueous
reductive amination mixture, in a film evaporator. 100
g of the concentrated mlxture ig fed to. the reactor.
The yleld to e~ caprolactam was > 99%.

530_ Example IX _ _ N
| Example I was repeated, except that the feed
consisted of reductive amination miXture,-and:the-'

reaction was carried out by continuousiy feeding an .
agqueous solution of reductiwve amlnatlon product. |
35 = A 500 ml autoclave hav1ng a turblne mixer was charged
with 61 grams of a mixture contalnlng 33.9 wt.% of -
caprolactam, 10.9 wt.% of 6~ amlnocapr01c ‘acid, 38.3



reaction_was carrled out by contlnuously feedlng an - aqueoﬁs.solution
of reductlvquﬁﬂygmggon product 35 A 500 nml autoclave havi NBCHNL#08%

g;xsrlmaf cha;geg mi o rngh 61 granB of a- mixture containing 33.9 w. % of
prol act am 00 am noca r0|c a 38.3 WO 98/:37

PCT/ NL98/-00082 P Ciéj. 15 - w.% of 003

6- am nocaproic am de, 13.6 w. % of ollgoners and 3.3 wt. % of water.

After flushing with nitrogen and ‘adj usting the pressure val ve such that = -

the pressure of wt.%tbf 6eawminocaproicoamide, thd-¢cWpe¥ aPhr @1 AESMREFsed to
5 300[err]C At ﬁ&e35§ Bt%”gf &Q@efeeﬂf@érafiﬂsﬁlﬂ%WWﬁﬁHeﬁﬂﬁrogen and

sol ution conS|st|n of capr.ol act
6- ani nocapr oi ¢ aed%ussingothp pg%psure Vg g%1%€%5p?5?5 Eh?dﬁgﬁﬁ%a%e49fwn
_ ng?L;?ﬁgfgf m?gt%? regggbgedag11h?ampatethé QéﬁpgrauurpewabqualseﬁtEo 10

- S rol act am congent 0
anount ed to. fh 23QP°5; ﬁﬁlgﬁgcﬁ?W§s 8ﬂ8$ E?%hagglg Fe e %gﬁvggﬁ?§2§gte :
__ ﬁ Qe tca|orol actam ?bmﬁu&aﬁr gonsistiing, ofi k94 ytersdotoceap'péaétéﬁmn 31.66% The
: act or . conten 0

BTk pEnBuahitonapraL LTy 38076 Gl BE A1l 29 hrs.

_the feed rate wa¥ i per hour, _f.eeding the same
m xture. Again aEPamlancapsplc aml@@ and. 1t#2 WhpFoPhcPAAEOBREEN MRSt i on in.

the condensed fx‘»ﬂ 12308t o 200" ge&&en e&ghbﬁranAEItlmst
conpl et e converS|on to capro

st eady- st at eL&onaPPro¥dTARSL Ya%5ag%EIo§P%g%%%§g}36taﬁg%%% E%%égﬁ'on was

continued for  thedcopicRinsate54mduntedheocouer.al Wtcanyehdichn cofrresponds - - :

caprolactan1precursors ma 5% wi.th el gc |
Example X = . I8 anﬁggoiéﬁgakh Eépghlaﬁt ?ﬁaﬁégéore

that the feed matfed,awiwds at fydedds fict m@m@a@ttém > 99%. The reactor
' ' ' contents amounted approximately 100 grams
15  After 29 hrs. the feed rate was increased to 390 grams
'per hour, feeding the same mixture. Again after another
- 10 ‘hrs. the caprolactam concentratlon in the condensed
~ °  steam was 12. 2 wt.%, corresponding to an almost -
| complete conversion to caprolactam The reactor .
- 20 contents in the new steady-state condltlons was .

: approxlmately 140 grams. The reaction was contlnued for
a total of 54 hrs. The overall conversion of
caprolactam precursors was 95%, with a selectivity of

25 o

' Example X - _ : o

_ Example I was repeated with the exceptlon

: _that the feed material was the resultlng reactor '

contents of example IX. The steam feed rate was

30 390 grams per hour"After 7 hours the condensed steam .
_contalned 114 grams of caprolactam The autoclave
contained 5 grams of residue, correspondlng to an
overall conversion of >99.7% of the organic feed.

. 35



contents of exanmple IX The st eam f eed rate was 30 390 grams per hour .

After 7 hour ndensed steam  ~ contai ned 114 grans of m*
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CL A I ocess to prepare [err]- caprolactantby treatlng 6-

5 Imml‘lm“[j ‘6-ami nocaproate ester or 6- :

am nocapnoam @ Or n¥xtures conprising afy, a8ty g : two of these

conpounds in the presence of superheated steamin which a gaseous
. mxture conprising [err]-caprolactam and steamis obtained, 10
characterized in that the process i-s carried out - in-the absence of .

a catalyst at a tenper ween 100[ err C and at a .
pressure of between prodels 6°595ﬁ§a§ewﬁacaproggcg gg[g gakipgr 8ng to
claima1, charactertzedmﬂmdﬁipr01c actisdt, hamiaopapabate Estbctwaes-270 and

'350[err]C. : Qhe prg&%ghﬁdgg % pddEnlBE 8Bmﬁkikgﬁgla€ leagt

characteri zed |n that sSsureis
Process according to &wp @fc tdesel gompoupdsodn the prrgeaceepfzed in that

Clerr]- caprolactantls @%ﬁé%ﬂﬂited steam'&hQWhEEﬁ Qa?ﬁgééuﬁ‘&ﬁktﬁrgy partia
- condensation a tenperature of between err whi ch

the period of tine dUHQﬂ§?Mﬁ¥EH h&aPxodgGsam and Steﬁpxﬂ r @b L§186§Ped

the tenperatuoe of theharacterized in that the process is carried out
| - dn the absence of a catalyst at a temperature
g between 250 and 400°C and at a pressure of between
. 0.5 and 2 MPa. _ _
2. Process according to clalm 1 characterlzed in
15 - that the temperature is between 270 and 350°C.
3. Process according td-any one of claims 1;2’
characterized in that the pressure is below 1.5
MPa. ' . o _ ' . '
_ 4. Process according to any one of claim 1-3,
20 ' characterized in that e-caprolactam is isolated
' from the gsseous mixture by partial condensation
at a temperature of between 100-170°C, in which
the period of time during which the gaseous |
mixture is cooled to the temperature of the
'-25'*"_- partial condensation'is within 30 seconds from
| _ 1eaving.the reaetor. | |
5. ' Process to prepare e-caprolactam,'characterizedfin_
| that.a mixture comprising 5-50 wt.% 6-aminocaproic
| - acid, 10-50 wt.% 6-aminocaproamide, 0-40 wt.3% -
300 caprolactam,'and 0-35 wt.% oligbmers in which the
oligomers are oligomers of e- caprolactam, 6-
'amlnocaprolc acid and/or 6- amlnocaproamlde, and in-
which the total of all these fractions count up to .
_ 100 wt.%, is treated in a process accordlng to any
35 " one of claims 1- 4. _ |
6. Process according to any one of clalms 1-5,
characterized in that the process is performed



in “that am 5:50 wm . % 6- amnocapr0|c :
acid, 10-50 wt.% 6-ami nocapr oam de, 40 W(l %[err] _ caprol actam
and 0-35 w.%oligonmers in which the: 7 oligorrers_are oligoners of
[err]-caprol actam 6- am nocaproi c acid and/or 6-am- nocaproam' de,
and in _ whi ch the total of -all these fractions count up to

100 wt.% is treateddontiguonsdys ixc odidinsteamiys gpntinuousiy ded |t ns
1-4. 6.  Procesg diﬂztdné‘@hd)rﬁl UnidritHe V\g—%mlnocafrolc

characterized in that t process ts .perf.orned
PCT/ NL98/ 00082 ac1d and/or 6-aminocaproamide ig; continuously or

continuously in whi Cf’séﬁﬁ%ﬁdﬁ:ﬁﬁﬁdl@ﬂ@&i \td athd xeaction zone & reaction
zone and in which the 6-am nocaﬁrm aci d

6-ani nocapr oani de i s ¥ containing betyggn ?bn ]chquOvl}:S'lil ¥d to
the reaction zone as thesé startimyusmpoundd arsl dmtveaen riy-Sktwiedn 50- 100
‘W . % of |51§ J§ starting conmpounds and between 0-50 wt. %

wat er. - 7. dcEss accor di hg to claim6, characterized. i n '
that the wei ght 7ati d?mceﬁsaaa:chmlnguﬂm(ﬁlrﬁglmarﬁ/ champcterizeghtd® in the

feed, and the total . qfpf %ﬂé‘%ﬁrﬁ Cratio of steam2Gdt Fdic Raxgpm de,

25 . partj.al cond n_is W|th| n. 30 seconds from o IeaV| ng
t'’he react orwo 98/37663 Dm Hi‘ lﬂgﬁre [err]- caprol act am - ECIVNESS00882ed

.E-caprol actam and oners to the reaction zone,is between 1 -
and - 10 0. water inghe %%'es%nq Fh Rk & % I‘WH&?%&RE?JEEU ng
from.6- 1t5 .| | %i?cmagﬁﬂdedﬁomﬁgte:aazpa:bmauﬁdmta:(d) 6-
amnocaprom rile is contacted wth water .under SIS
~condi tions, (2) water® %‘?ﬁﬁ)rﬁc’a,t € reactlon zgue 48 he"-f‘%ererrljpedij

hydrol ysis reactlon 26. -+ separat ed and (3) the resultl ng

AU O 2 g 20 Srsen UPORD ARUpIORSidn Sidkting BroN16d 0 2
15 amlnocapronltrile, characterlzed in that (1) 6-
aminocapronitrile is contacted with water under
 hydrolysis conditions, (2) water and ammonia,
which is formed in the hydrolysis reaction, is
. separated and (3) the resultlng mixture of (2)
20 'comprlslng 6- amlnocapr01c acid is subjected to a
_ process according to any one of Claims 1-7.
'9. 'Process accordlng ‘to claim 8, characterlzed in
| that the hydrolysis conditions are- achieved in
_ that a heterogeneous acid or base catalyst'is_
. 25 -present. - - |
10. Process according to clalm 9, _oharaCterized in
that (1) and (2) are performed simultaneously_in a
reactive distillation column containing a
 heterogeneous acid or_base catalyst in which the
30 top product'is,a water/ammonia -mixture and the.
o bottom product is an eQueous mixture containing
the hydrolysis products of 6-aminocapronitrile.
11. Process according'to claim 8, characterized in
that the hydrolysis is performed at-a7temperaturei-
35 - . of 250-400°C and that any e-caprolactam formed in
the hydrolysisnstep'(l) is”separated-from-the ' '
other hydrolysis products by extraction'prior to



9. Process accordln HH " u Hl racterlzed in ' t hat the
hydr ol yS| s ' g mlmm 'l that a hepar
acid or. ‘&838}#1463 i*s 25t ® 9ypresent. - ,10. Process a%co&g‘sng F%
claim9, characterlzed in - that (1) and (2) are perforned
simul taneously in a : "~ reactive H#stillation colum containing a
het er ogeneous aci d or base catalyst in which the 30 top pr oduct
is.a water/ammonia m xture and the = bot t om product is an
agueous m xture contgk@bpq3) " the hydrolysis products of

6- am nocapronitrile. Process acgording to claim,8, '
characterized i #2. Process acFﬁaﬁlﬂﬁetﬁyHFBFVsFé'l§hﬁ€PFEFFé&e§t1&

tenperature 35 that Qhé%@ct&%i:&bh] €sapérEbaimednyiehcapcpt@gt am for med |

in ' the hydr Sis.s is_separated fromthe

ot her hydrolysis pr oéty']-&"g"‘%y FF‘%%F#%%’IC’& PSipr g5 WO 98/ 37063

PCT/ NL98/ 00082 - 18 - : step (3)
12. ~ Process according to claim 11, characterl zed in ~_ that the
extraction is perforrred W th aC[err] C{err] _ - al cohol as extraction-

: solvent . _ S R R



