;e3e[ Rj6TAN < 0 8 AUG 2002 PROCESS FOR THE PREPARATI ON CF s;
- GAPROLACT. AM 5 The invention relates to a procﬁﬂﬁ““ﬂﬂﬂﬂﬂ““{e E- caprol act am
froma starting m xture contai ning a 6am nocapr n which in a
first step (1) the 6-am nocaproate esfler i s convert ggdet O 6- am nocaproi
acid and 6-am nocaproam de by reaction with water in |10 the pres&gﬁﬁ %ﬁ
ammoni a at a tenperature of between 50 and 250C, with a separate b 2002
si mul t aneous renoval of al cohol (s), and in a subsequent step (2) the
6am nocaproi ¢ acid and 6-am nocaproanm de are cyclizised at an el evated
temperature. 15 ERtERe HQE LR RRARARAT LN QF SyELPROINGIE Thi s
publication describes a process in which first nmethyl 5-fornylvalerate is
contacted with ammoni a and hydrogen in the presence of nethanol as sol vent
and a hydrogenation catalyst. In this step nethyl 6 20 am nocaproate and a
smal | amount of s-caprolactamis obtﬂ%ned. In_a second Etegr t he excess
PeP*f

ammoni 3 and hydr ogen” &F e* 7 ERdvea POt t AR FRaRt PHACHE Rt Ra5%third
step, the greiahyo 16rciin Goa At 415 IRAGHBEL Wid eyt £ininy tdeg presence of a
smal | anmount (0.1 to 2 wt.% 25 of amonia at a tenperature of 50 to 250 C
The rel eastitinRIIRIRALE o8t eml t BhcWstly rendvEHrsExahePe (1) obhe)S- A- 4731445
di scl oses ¢ &ﬁgﬁ' |+ Bam a i Eh in_the presence
of an alnﬁipﬁ%gg|gﬁiﬁ%ﬁ%ﬁ%ﬁ%?yo%Qaﬁ%@ﬁggeé§ %ﬁ%éﬁge?ﬁ?%§éag?oggout 30
100C. The @il andg aafubmesapiRaniée Wi thaat keureiebnvakas &rani nocaproic
acid d I ] apfr oam - Capko ks heated to
a tenggraﬁﬁgél% ugﬁ%? ?% t |sﬂg%egét%glgﬁgﬁfg%gggrgﬁcbéeaégg 560 8 AUG
2002 aci d aanil 5600, noddapr @arsepa rasae toeyr yimylddrestionrdmmoB apt ol actam A
di sadvant age aof the process described in US-A-4731445 is that the rate of

t he react i"‘g]rF‘?ohrP]t E%) S i“’h‘?rﬂn st ePpUPRedReRh B SR Z%iab?%a?é ester is

convert ed dnt o &ape i O0LAPA 0hLd agt Smandc Spadhmdeapapantgdelisisekati vel y
small. Furthernore it woul d be advantageous if the reaction rate of

6- ani nocaftlodt® ¥ EFETHt Lo BRAF ALRESr oi ¢ acid and 6- anmi nocapr oani de coul d
be 10i1Enproved in orgiesht® ppbe€séhis PEOEELSEADIR BbtRacybveakor
commercial_use on a, large scale.,  The object of the jnvention is to provide

a process BEEHrRIFMGt TR YRR cPeFREIRE SR NBEQDT 5t LR e¥PEFRCAATBE convert ed

into 6- ammaeRpr 03 Cf aeh@l vate Patld 881 BoLBREDSA Wet Wi bhmaAihnBhaved reaction
rate . This object js achieved in that in steg (1) the G am nocaproate
ester is COMERIR 1t NSaPF pSeRPROPE BHEFR2BAH B85 aRPHBERpr8afi8e in the
presence(Hyé¥béﬁﬁﬁﬁﬁo@'8§€él§§@9 ZnhYeandepensthhangor equal 20 to 25
w.% NH3 (relative to the total anpunt of the

20 aminocaproate and a small amount of eg-caprolactam is

vauta

obtained. In a second step, the excess ammonia and
hydrogen are removed from the reaction mixture. In a
third step, the methyl 6-aminocaproate is reacted with
water in the presence of a small amount (0.1 to 2 wt.%)
25 of ammonia at a temperature of 50 to 250 °C. The
released methanol is simultaneously removed. Example 1
of US-A-4731445 discloses the reaction of methyl 6-
aminocaproate with water in the presence of an almost
negligible amount of ammonia at a temperature of about
30 100°C. The resulting aqueous mixture, which mixture
contains 6-aminocaproic acid and small amounts of 6-

aminocaproamide and e-caprolactam, is heated to a

temperature of 330°C. In this step the 6-aminocaproic

ORMARAG
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starting mxture). zt has been found that with the process of the invention
the rate of the reaction of 6am nocaproate ester into 6-am nocaproic acid
and 6 25 am nocaproamde in step (1) is higher than the rate of the
reaction disclosed in US-A-4731445. A2 advant age of the process according
to the invention is that a smaller volune of process equi pnent can be used
in step (1) for obtaining conparabl e degrees of conversion of 308 AUG 2002

6- ani nocaplaedide agslt & alrd NPRAPIRRGAMOIre At Bhdyeatiiaciapt aadrigde . From an
econom cal investnment point of view smaller process equi pnent is desired.
In the fir$@PRd@CctPm.of the process according to the invention

6- am nocaproate estemp id%.s,ad'va:f’lta%%n\é%rtt | ni%g:e@-sargmq{é:g G.acid and

6anmi nocaproanm de by reaction wth water presence of ammonia. The
starting mUSt-drd 7Bd4 450 itshé hiaitr $thestreyk &5 athdrhef oreacdfiowl dirattheeast cont ain

6- am noz ca er. .erand_anmoni a. her_.c Qu be present
in theosst ag?lg%tger?ﬁ% urlg, \Q@.&&h %é’?aﬁ'ziﬁl& Ay éa(gfnﬁl?rﬁeq:gﬁ%go%ﬂﬂe?bta Ciraoat e ester
in the |iqundorexamiedcagriod d heild rasid s-emitibcapdcamtiidey 19D m xt ure)

general |y exceeds 5 wt.s calculated on the a t of. organi c conpounds
Brosent | n EHE OV Fiehixt GrE CHETIRR oMUt RS T A eRA fed as s
capr ol act amfartheS reaptdloC rAeP I0FC W-Sih b rid ey earddronprodict s, which
may be present in small : L5 amounts. s-Carrol acfiam precurriors are defined
as Gam noc@PPEICE2RECEE 6 RECa GRS AARKCAHLR (rHst Rfrvi de and

oligongss Qmphiiesd GONRAURES ol halidee UNIQL ¢S RGP MHMY 1 e ivwention
6am nocapraqi ¢ acid and/ or 6-am nocaproam de may al so be 20 present in the

starting mbRureMIREEH 3tlo Uife B Enitid@ TR ’E ester and optional ly the

6- am nocaproi ¢ aci d and/ @hiecdNJFOGHY GaidficH S& "tc?gﬂ!&}ﬁ‘e‘é am and/ or
ol i goners of 6-am nocaprqic acid_and/or 6am nocaproam de nmay be present. A
typi cal coRPESEEISoR CER LG TG F&an " 1Pt ds AR RHP TS BT T n t he

starting mMoshliR ehviche Rl 8387 ¢ -RYBRId P XLAPTdSieP Rt ween 0.5 and 100
W . % 6- am nocaproate ester, O and 30 wt. % 6am nocaproic acid, 0 and 50 wt. %

6- am nbeapPiEFcgaproagides v it ge degpiviegt M dridbetate®en 0 and 30 wt. % of
30 the earlier mentiepqd QAR iarggygrg‘;‘e@ tihe dphali pfsddypse fractions is
about 100 wt. % of the organi"c conpounds. 0 8 AUG 2D02 Ammoni a and/or wat er
may be addédiet § -6Min@eSPESaticoPSARY S MBRVETERHEITE® fresent in a

~i~, v bl dchproBlc facid Qna F-lawincoaprdhmi®AGH Mhdliptdesnabi ch al so
contains 6-am nocaproate ester. Thus the- "ammoni a and/or water
concent r at iodn a@aRMedlike Bl gdved/ dhaadjudtted tand Hesfediftast Qfale@ak thin t he

gener ajo and Pref 6" §d ianges1 et geecbeeflngotlds amount of the
starting mixture).
It has been found that with the process of
the invention the rate of the reaction of 6-
aminocaproate ester into 6-aminocaproic acid and 6-
25 aminocaproamide in step (1) is higher than the rate of
the reaction disclosed in US-A-4731445. An advantage of
the process according to the invention is that a
smaller volume of process equipment can be used in step
(1) for obtaining comparable degrees of conversion of
30 6-aminocaproate ester to 6-aminocaproic acid and 6-
aminocaproamide. From an economical/investment peoint cof
view smaller process equipment is desired.
In the first step (1) of the process

according to the invention 6-aminocaproate ester is



5 starting mxture to the first step (1) of the process according to the
i.nvention. Renoval of amoni a and/or water can be done by for exanple
flashing or stripping. The anobunt of ammobnia present in the startin
mxture is higher than 2 and | ess thars or equal to 25 10 wt.% Theﬂ&géUHUUZ
"amoni a" nmeans free NH3 and does not include the anmobunt of NH3 present in
the formof for exanple a term nal am de group of a conpound optionally
present i ncéireestadt ingonsxhmifocBprogxaaRlid ehdswch a conpound is

6- am nocaprcam de. The,ammpni a 15 ¢oncentration in step (1) is preferably
Cower ¢ hanPBOnREaBFORBAES pP¥f EPABEJOPONGL Y et oF5 1y tHE PRESSAASI o
concentratyPnagikosigp (1) is preferably higher than 3 w.% and nore
preferably higher than 5 wt.% The total concentration of organic conpounds
20 essential |y consi SRengtarténaninastigeoded &st dheaddrsitt siredsent -

6-am necaptRleeA6LY. sAoATANEEAREARE! Uy 8GaPLOLAGLAM AR A Jomer's of

6- am nocaprol ¢ acld and 6am nocaproam de Tn the starting mxture is

pr ef er abl yebeeveenwatbvuand. smandis) Ath¥r Tospsumdsf malye benounts 25 of

organic c ) [ r and, ot her conmpounds |i.ke nethanol in the
starting 2?2%%$géi§gggggm§F@¥@%ﬁg @}gﬁPﬁECaﬁrgatgeggfgflconpound can be
represented by the fTheoamagngenér alamdhtladrod® el eldrir (@HAhe- C- OR (1)

where R i ferab ' ith Z tg 20 0,8 AUG 2002 35 carb
Atom and hoRapr Britubh, Shil hott 86 8 ReRrbaker 419 ¢ % 2K6a%002 atoms. The

or g?nimblgrmﬂpthse angleillkyllallpyékeabatsyloi, 5a|wy.:c. %OR:aa.rcallllﬁ)ﬂedglrcﬁiallthelVbL eI
preferably R is an_alltyl.group. Exanples of R.groups include nethyl,
et hyl , prO%V?PnF585r859¥?lg-SGB?PPngérP}SﬁF?F,1%sg§§tfwfrgfﬁﬁbhexyl, 5
benzyl andmphenyt. B¥ghheteeenpeuRdiss afet hghcOliedtifEa akhe-tenperature in
step (1) of the process according to the invention is between 50 and 250 C,
pref er abl ycaherobentsd and 4602rahachdst ppeebssabbyabdt®edrn-9 0 and 7.4 0 C
10 The p re_0 irst.step (1).is _not critical. pendi ng on the
pressure t%ggéggg o%régﬁcgg’oggggge@ggébg PaiTee Fq&ﬁdsm%%?ﬁre or as a
m Xt uné wheneuatki gt Chansll #ctvapoprplasececoexicst dekkhbanal ard ammoni a may
be partly stripped fromthe mxture. :L~ The starting m xture of the
process actBrBPRIPFBLENBCIAveht PBARREFPEO255 &iSHE&F With vari ous known

processes. af@hotAbsohny8at kAR blibdmeek of theale Rewdhgastarting mxture
i s obtained. The startlng m xture may be, for exanple, 20 obtained as the
reaction product of tRetRBJBEPFEAS0RCSOXGARE &iCetiife 183EHLIOthé starti ng

mxture of ahhBoRLAEESE aegerQha?OEOGLQ%ih%%%@tﬂo%&imy S @y xanpl e be
obtained as the reaction product of the reducCtive am nafion of a 5 25

f or nyPPal ePE@EENESEBr tREXERPFEINGT MAFEEILE|- e Nepbc &9sddicae descri bed in
T 2ea R R ST A A O s o
acid and/or 6-aminocaproamide, also €-caprolactam
and/oxr oligomers of 6-aminocaproic acid and/or 6-

aminocaproamide may be present. A typical composition

25 of organic compounds which can be used in the starting
mixture for the present invention comprises between 0.5
and 100 wt.% é6-aminocaproate estexr, 0 and 30 wt.% 6-
aminocaproic acid, 0 and 50 wt.% 6-aminocaproamide, 0
and 50 wt.% e-caprolactam and between 0 and 30 wt.% of

30 the earlier mentioned oligomers in which the total of
these fractions is about 100 wt.% of the organic
compounds .

Ammonia and/or water may be added to or

removed from and/or may already be present in a



next to the 6-am nocaproate ester and optionally 6 30 am nocaproic acid,
6--ani nocapr oam de, E-caprol actam and/ or ol i gomers, sone al cdhehilfagMT GHES

al cohol generally is the correspondi ng al cohol of the ester group of the

6- am nocaproate ester. The al cohol can be separated fromthe reductive

am nation m xture by neans of - 6 stripping or distillation before‘td§i
mxture is fed to the first step (1) of-the-process according to the U6 2002
i nvention. The process according to the invention can be 5 applied with
particul ar advantage using an aqueous m xture obtained in a previous

process step, ruaicel o Hiktaral neadh CAd disn b Afd NOcap Rt essee and
optionally 6-am nocaproic acid, 6-am nocaproam de, scaprol actam and/ or

ol i goners. Th@séﬁﬁeoJ@”ﬁi%PGré"T@méﬁhﬁﬁ 1Hg WHe -GN C O™ 2t Ot 62Bst er

6- am nocapr oi geagkfr GrANLROGARRRREMR o FHAN N AdAM AL GFi t0h{ JOPRES can
for exanple be obtained by a process as described in > FA-7299el. In a step
si mul t aneous @EPRIEd SPEsBHGERT TR Tangdes ekretigerding thee al cohol (s)
is (are) pa . Lhg A1 XUk 0ktal i 1}, st-ap ) ef di ng
this m xt 35‘r3e %g&?ﬁéh ygﬂllscgatrig]o)r% sttglg' %)%I&e%%%sb a%lgoréﬁl(tsk% ipgrrc‘f%%(% f or med
in the first stepr@ipgofot hReproyess 1ascordimmyalo atherinpram izor/dhe

al cohol (s) ca a r S | rtj ) e. of the
process accorgﬁﬁgrtégﬁhggiﬁég%t?gngb%h%%%qﬁ%é[ﬁiﬁgﬁén {%%:%5?#5 %P%ﬁevious
step, for exanpl e reducTheeamaiingt Pénammenit# gir esentaligotidle is-aseithas

sol vent _and/ o {04801 $2R; 5h0M Y0 37T30M03 dd Ieh QN gl the ayount of
al cohol's in the RTXtuiré WhPCh is Fed to the cyclisation section should be

| ower tha® 1 wk.% Wbeetpreftpapbpiriwoeapisarf®el Nib. ¢ndTHPssi nolfecause t he
presence of a dygin cyel gat Lpo egnLh r ion of the
correspondingkﬁﬁfgggtF%Etgﬁgggtr§?a§?én$gnsgﬁ g?éi?%é g§§8p§gqg?%d . The
formation of eheweld subsThibeeédaragroBacle@mdy Jpredwperschetd angaty ve
influence on s-caprpl aatae yiehde 1 BN RRGEMRIL, 2 bSrPAl 835K UM, renove
these N-substituted o a pus Zoo2 ~ 7 __ 0 s au~ Zooz .caprol actam

by- product s (@@@E@Faﬂl9Shﬁnémhypcaﬁacﬁ@ﬂﬁﬁh_@&ﬁr@mmﬂﬂ%ﬁ from

s-caprol aet amo]benabaehoh iR Eee§er@§5 ated Jre reenensl hyuwe Lekpldd anol
such as, for exanple, nmethanol, ethanol, 5 propanol, butanol, pentanol or

hexanol , or a¥tah’ alBkEtPECEFEBRGY, LPYURTeXRRAR &5 phefol ThEh&M S ichocapr oi ¢
ester is obtatdedestantiog {fostapdSiermikyvaheifar@bast enigherdtaeanaval erate

ester, the al cohol i enerally the al cohol which corregponds with 10 the
ester group thtﬁe%%geg?ﬁ?sPr%%ﬁE?QFVy%l E@?%t%ﬁ?¥ééﬁgndrng al cohol s are
met hanol or ethanol. Sepia¢atédbalotohbenalraeien wEy drgapdic! aompbundsainy

) mown nethod known_to.the nan.§ELIIed i?_the art, for exanple, djstillation
or strippgi‘ng. S13AREXAMDY SBFS ¥EB1BEpRF af i RTINS 2R EGNS <5y e of*
ui _~i-distillptéoents desninbedpkbitSatid47F4dfindaehenailae, tethe al cohol

is renoved by strifping t he_aqueous m ~~ture with steam as described in
WO ~1- 9730973¢aprolactam and oligomers of 6-aminocaproic acid and 6-

aminocaproamide in the starting mixture is preferably
between about 0.5 and 50 wt.%. The sum of the amounts
25 of organic compounds, ammonia, water and other
compounds like methanol in the starting mixture is 100
wt.%.
The 6&6-aminocaproate ester compound can be
represented by the following general formula:
30 0]

H,N- (CH;) s-C-OR (1)

where R is preferably an organic group with 1 to 20

35 carbon atoms and more preferably with 1 to 6 carbon



The first step (1) of the process according 20 to the invention can be
performed batch wi se or continuously. In a comrercial process the reaction
is preferably carried out in a continuous node in a suitable reactor.

Exanpl es of suitable reactors are plugsftow reactors, a continuoysl|y
stirred tank reactor 25 or several stirred reactors in series. Rﬁﬁﬂ:ﬁﬂﬁ 2002
with plug flow characteristic are preferred because hi gh conversion degrees
of the 6- agitegeapmort SreeirEls fRfue Hhimidgds1 ,Th?;@meem@lmgfw e obtai ned
in step (1), 30 containing 6-am nocaproi ¢ acid and 6-ami nocapr oam de and
opt i onal | y °¥ofe& add-lc GHam e MBI TRIHR R ekt Al &LlERbrdtad® am and

ol i goners g $tSRAVEMH YrlRih 4 O MG dy Gld 3841 O 8P, (Pof1 ! he process
according to the invention. I't has been found that "not “only the g _ 08
AUG 2002 presoreopydf al-doialls dentmputisl cyicsdlmaiyon, chehokexplt he presence
of 6-anino r.Qat ro - [ esjr substituted
S-capro ac'?%%zgzlat %Llnglstpﬁltraern for erﬂva va%] ag%rgjégef%o %yng%? se&% h%g%%'

caprol act am pr ecur soifhe& ¢ efpeamtolctiamstren hel prek etive pfoe@®sint s of

al cohol and G am.,nocaprqate ,ester_.as |ow.as possible. Pr rably, the

f ol | owi ng ?tcgﬁgrg&r“@ %é’r]EE VeI HU TR IREY ?Ihg(%)r%cgsg@cc rding to the
10 [ nventi gpe habA3C Wt ddie € AUH NOCAPLOALE GRit! pilddeihy 1h the
presence of 2 to 25 wt. % ammoni a, separating the al cohol fromthe
aqueous m detmweenc)p of eedi ng d ke .resul ti ng aqueous m xture to a 1. a .i, ¢
aCta i1)11 G0 Q: 7..i1W17.1i." 11 W1l: ' ~vy4 ~ 1;~ct L1 Ui.

1: 3 petforned; and dYFSepFeasWe LidptoIEdSm frem E/:h)e 1% x4 e | eaving the
cyclizati orrzeneallheepesldizaf i Siephdsi0fe tee PFrOLESSr 20a@CEOr ding to
the invention can be performed in any known manner, e.g. in the liquid or
in the gas “PEFSEedEmf 300 JGEE DI FGHE PHRS e ghotessesWBfEe descri bed
in US A 473004Qnamd a2 Ar pHRA RS 0f . PossSt Ao Dagn@hase processes
are described in US-A 25 45 9195)and US- A- 3658810. In a gas phase

cycl i sati oR"PIgdas da he Raktite, s PrigiRahni PR drite %t &%e - as obt ai ned
after faving separat eg 4 he glcehphsiftom the ageouscai xtuseopfisgep (1),
is contacted with superheated steam_ The 30 gas phase process is perforned
at a tenperf& e dNVieathieaEn ML heh PITDICe G et R YLAES KR@¥Per at ur e

bet ween 250 r2pd 4QQC, o e Hireforalini & & teimes@at e £ oEabefygen 270 and
350C. The gas phase process is perfornmed at a pressure of between

at nospheri hﬁréggmqgng m%¥ture is obtained.
The starting mixture may be, for example,

20 obtained as the reaction product of the reduction of 5-
cyanovalerate ester.

The starting mixture of the process according
to the invention may also for example be obtained as
the reaction product of the reductive amination of a 5-

25 formylvalereate ester. Examples of possible processes
are described in EP-A-729943, EP-A-729944, US-A-
4766237, US-A-4730041, US-A-4731445 and US-A-5068398.

The reductive amination mixture may contain,
next to the 6-aminocaproate ester and optionally 6-

30 aminocaproic acid, 6-aminocaproamide, t-caprolactam
and/or oligomers, some alcohol. The alcohol generally
is the corresponding alcohol of the ester group of the
6-aminocaproate ester. The alcohol can be separated

from the reductive amination mixture by means of



~ $ AU6 2~~2 and 2 MPa, preferably between 0.5 and 2 MPa, nore preferably
bel ow 1.5 MPa. The gas phase processes are advant ageous because
s-caprolactamis obtained in a gaseous steam phase in which no or
practically no 5 oligonmers are presentgs A gas phase cyclization is
preferably perforned as di scussed below. The mixture to be cyclisi 8§8dAIG0N
preferably contacted with the superheated steamas a liquid, for exanple as
a melt. 10 ﬂriﬁ‘p"ﬁ& pPaiisof 110 YRIRL rPFESEM s | i AherdN X4 UEES 1 6
preferably renmoved Tor exanple by distillation at a tenperature of 60-160C,
pref erabl y the af iegipestrmr &1 bfoBothaigurodeshazcterditduie that the anount
of waterilﬁﬁ¢§%§ggﬁure which is fed tothe Cy C1J. .G,:1t 1GALN
N CL. .L Nri W: At: ~'va.iJ 1-1aNi ~JbVel :.i jJU
.mlal ~ i,: . PrefBrabbyotdes ndaxterdicgntai thegimwadet icmdean gaai C
conpounds) is prought, .into contact with the steamas _a_ liquid m xture
contai neng TR Hah RErCERLTEr St e resTi Frcemelts. 20w o
wat er . The miktoigandist £OM@O Ut sa Cafe€Vels berdeds s ost dye, reatéler in a finely

divided solid form _The querature durinpg the contacting with the
super heat ed"SEEAR | 3L HRANE TOREYL B o° ZWBERAFRP FP Rt @ r 8BFST b28%een 270 and

350C. The Reosdlisrip oaReAvesn9id 206q? Moani Riedsrabhyadhe; pressure is

bel ow 1.5 . Tenperat ures gher than 350C are nore di sadvant ageous
because of ¢dmErpbssidhecandltor entigafiedegr Buat dgueoeactivnsreausi ng yi el d

| oss angd c I ng: sifable - I t he Ifi i on nore 30
diffi cgﬁt. pfgnﬂgg%‘lg#?‘-?en%%séb?@%%@égﬁﬁcgég g%?%édg?%‘&i%&%%ﬁf%?ght) is
pref er abl y detdpees- dnaok 20rodthl Ge f eed-dsrdlecttaoh adndveighdl Bfomers

6- am nocaproi ¢ acid, 6ani nocaproanjde, oligonmers and s-caprolactam present
in _ 10 S3° 9&K§¥ﬁmﬁﬁ?rﬁfrﬁ??%+%@dTﬂYsgf%%ﬂcﬂ%%saﬁo SFGREFRE] any water
whi ch may ben presgnt2odie. process is preferably perforned as a continuous
process in which steamis continuous%&Qfed 5 t0 a reaction zone in which

the mixture is presemt® MFeePretBrabiPeene ¥kEupe FYPROAEEREOESIy or

sem conki nuows! §i f€E £10chherr eacks oM ZONEL 85) an: agueous; Fhxtarea in which
the feed has a tenperature of betmeen,roon1tenferature and the tenperature
of the react®?™ 1he IR tyFe BrRiRedusTysSbpRr it bdPpFeEesseadt®eding to the

invention caniHenPreeté Ced tHe dcyEALEHE 18RPAF &b U2 Wi GRS provided with an
inlet for the feed m xture, an outlet for the steans-caprolactam product 15

and means fdXC2RPbl§) nds st abe stermeqdatnt Bae sE&npti stebnt htted WReh the

m xture. Thers£ass OhcéSr@Phy 008! tie e PREI ¥h hTRe NEBLERM) d8Yi €8nand
optionally Wth a mxing device. To this reactor the feed m xture and the
st eam é8n bRlzontlrerdg| herrbesanpos’i bre FeartoRdiBiRtRDefPhi Bh¢ed bed

reactor contahikfg sEHEEEaPRAEIES! Efe! InVWBhE oL NEWREEN | RikEReT iy di zed by
the steam Another exanple of a reactor is a horizontal tube reactor having
a rotating @xFa3ieedwhi ch Bxesieeanstenr APXi a¥auRbe oredvahiyert are

present. Al $0i 1BANSH MY BEHPEESEAL alcohol is used as solvent
and/or formed.

25 From WO-A-9730793 it is known that the amount
of alcohols in the mixture which is fed to the
cyclisation section should be lower than 1 wt.%, more
preferably lower than 0.1 wt.%. This is because the
presence of alcohol during the cyclization promotes the

30 formation of the corresponding N-substituted
caprolactam, an undesired by-product. The formation of
these N-substituted caprolactam by-products has a

negative influence on s-caprolactam yield. Furthermore,

it is not easy to remove these N-substituted



25 whi ch prevent fouling of the interior vessel wall and which pronote an
optimal steanisubstrate contact area for mass-transfer. Exanples of other
suitabl e reactors are packed tower-type reactor, one or nultiple staged
bubbl e colums, a gas |ift |loop reacter or a nmulti-tube 30 reactor. The gas
phase obtained in the process according to the invention will conprise
st eam and scaprol actam and sone ammoni a nay be present. The scaprol zgcet AYs 2002
can be i solahegh {romht hhs.-9RSARLESSYEERRL 1 a11F 1 N-ReBnf¥Ca2Q0% obt ai ned by
t he procességccor%?ng to§t e ?nveﬁtﬁonﬁgglﬁor%ap netﬁ?gg énomn to one
skill ed inethpel acaprbdaceamhpEeroase desprobadtam. US- A- 3658810. Preferably s
caprolactamis isolated by partial condensation i,n 5 which_a concentrated
aqueous phase cont ai hPRg2 C@QBFOFQCP&ﬂ?ﬁHBIétSQSééugeﬁﬁgéé1€bﬁtﬁlhing st eam
i's obtained, ;Mg RiPAENERRDE OSSP é henseronsdl StePndrd10f the process
according to the invention, for exanple bé.flrst passi ng steamvia a heat
exchander . psopanedpr bhhanam caAnbanpsopt 84*PReM t RE 86nd@8nsed aqueous
m xture by aLatbppteghpi g ar exapphe digbkil lkation or
extraction: iﬁ%§§gtéregﬁgsé, poorﬂswpg éagroﬁgcfanl can be reused in the
process. Tamingchpratcoasten aksobbeipedf stawtiing tthemlB ISi-qui d phase at
super atno i r ch_as for e i,bed . in US-A-4730040
and EP—Av?gggﬁg#sﬁﬁéﬁgége %EgngE-°aS?%P%??ggnggh?éﬁe%uaF|%y can be
obt ai ned walhoholi dui depbhasélgythiezalicohopr atess. cBrefepaiblds aviltilqui d phase
cyclization is_perforned as_.20. discussed bel.ow _The concentration of
annnnﬁ' in ﬁeeggéFigﬁ?FBnOFSQBFéFeF§§F§Sbebgﬁ§§ §§¥'5t%F?ﬁ)and nor e
pr ef er abl ycbekespabhatuhg3adtobimandamestephahenably chdkhawlabout 1 wt. % H gh
concentrations of a ni a gave a 23 neg tiﬁe e%gec eonptgg ¥j%{g)to
E- caprol act am per pa8§PFh25188nPFEniBEs EFS 0ds MY 8 BRESSETET &Y of
E- capr ol acdam rAadwhkcaptabackaswar eeurger sann stidie leyic inz ahicomiits pref erably
bet ween abgut 5 and abogt gO iﬂt?band ngre.%refera ly 30 _between about 10
and about 38TuEX8fPFRe EfEYALea“tE8RpEFafirdPEf"Ehe &y FFIR %NS s
pref enabl y=gphweennabeut 2006handhebestn3d56€, Jdrd inone tpmefier ably the
tenperaturgeggrgkggegnt%%QA§29g54451 %%eferably, the alcohol is
removed by stripping the aqueous mixture with steam as
described in WO-A-9730973.
The first step (1) of the process according
20 to the invention can be performed batch wise orx
continuously. In a commercial process the reaction is
preferably carried out in a continuous mode in a
suitable reactor. Examples of suitable reactors are
plug flow reactors, a continuously stirred tank reactor
25 or several stirred reactors in series. Reactors with
plug flow characteristic are preferred because high
conversion degrees of the 6-aminocaproate esters can be
obtained.
The aqueous mixture obtained in step (1),
30 containing 6-aminocaproic acid and 6-aminocaproamide
and optionally some non-converted 6-aminocaprcate
ester, t¢-caprolactam and oligomers is subsequently fed
to the cyclisation step (2) of the process according to

the invention. It has been found that not only the



290C because a higher yield to E-caprol actam per pass is possible. The
pressure is preferably between about 5.0 and about 20 MPa. Normally this
pressure will be 5 greater than or equal to the resulting pressure of the
liquid reaction m xture and the tenpergature enployed. The cyclization can
be perforned continuously in process equiprment resulting in higl8akih 2opw
rates of bacl cm xi ng, such as described in EP-A-729944. 10 The

e- caprol act,agLe eengs%b k%redeﬁL@%Eq%ge hyarovwn for purifying
c-caprol actam obt ai ned by Bec nann r arrang I'~n exanplary met hod of
puri fyi ng theaprekavcamoaifs demolwe@noratese,@&e%gzprommeﬁhehe c: apxol ucl :

Ce=lI'l ~i.Led f tl~ bt d
cycllzatloﬁe fia éPeefgz n@%@ﬁ}%@; éﬁ'dﬁhﬁ r%égﬁpgh gFthg dEEtlllatlon
The s-capr leaghé%'f% r%fde,raqﬁ rat e gfc@ﬁzeis‘ét ract icon. Wth a process as

for exanp7.e described in 20 73002 Exa~pl ~s 1-1X and Conparative
Experi nent eaﬁxblAntaqummﬂs)ow &0 eeahprrbuagtaa Wh. ¥he presence
nmet hyl - 6- anlnocaproate % et hanol,, x wt.% NH3 25 and 100-

(20- H6. 5+x¥ W?mOMpH§OOﬂM%;qQQ@1t@ ﬁaéﬁedmﬁ@@ﬁﬂﬁﬁf'ﬁﬁ&ﬁlr@éEQGW’ The bed
was 0. 35 nhgo%gsghbhea di ameter of 1.1x10-Z m and was paclced with 1 mMn
gl ass beads. The liquid hold-up tine in the reactor was varied from 10-45
m nutes in all runs. The r&sfesabias the K@@lPWJZSBGt@@Gtaéﬁ a tenperature

of yC Thep%%?%&%&dp%%%EWH%dﬁ%i 7 iMPRpel ult%d%?afh iggd in Table

1. The ini rate constants re deter by neasur the conversion
| evel sl @bt abNedtBetveen resi dence tine of 10 to 45 mn. The table 1

present s thg coRuersian QLA noeaflodlle 241051 dage LIt of, 30 nin as a

function of 'the 02 "armoni & concent ration and measured reaction
rate. tabl e 1thewpr%ﬁNH@$0@MRZD£@>Q%Ryﬁwwséﬁ@*ﬂﬂﬁenperature first order

reaction ra m_n- 1§ 5701 00

0. 09293, 6”6%36. 5%%8%%%8‘%2%&% |ar11§é%1%§1\5%°3‘{ %319 by %}‘@%ﬁ de?é

0. 05480. 3V8) 570 £4€dd. R0 3%e8 VIeRsH. t5Ing0 aQu2Tas wrxrtmee t®140

0.1899, 6Vl 113043,5.2Q 0. 09393..8 ! 1.%3,579].2Q.10.,1398, 1X766. 5120 0.1599.0 N

0 c e in 1 eyeJ )
performed; and
d) separating e-caprolactam from the mixture leaving
the cyclization zone.

The cyclization step (2) of the process

20 according to the invention can be performed in any
known manner, e.g. in the liquid or in the gas phase.
Examples of possible liquid phase processes are
described in US-A-4730040 and EP-A-729944. Examples of
possible gas phase processes are described in US-A-

25 4599199 and US-A-3658810.

In a gas phase cyclisation process, the
mixture, preferably concentrated, as obtained afterxr
having separated the alcohols from the agueous mixture
of step (1), is contacted with superheated steam. The

30 gas phase process is performed at a temperature of
between 150 and 500°C, preferably at a temperature
between 250 and 400°C, more preferably at a temperature
of between 270 and 350°C. The gas phase process is

performed at a pressure of between atmospheric pressure



NOON x wt.s NH3100-(20+6.5+x) wt . % HZOQ enperature (yCfirst order
reaction rate constant (mn-1)conversion of MBACXI 15S8. 51200. 1398. 1Conp.
Exp.i A 11.5721000. 08293..31"'B 11.5721200. 1196. 6C

| 1.5721400.1699. 2D073. 5120~ 0.09393.9 NO mb ¢c NCON i..&bi n,", ~"'~ ~
pl,, Li~'"t i1t v 1, thirs o ~~_ ~i t~"~_, . . 16 0 8 AUG 200" ABWEET oF
CLI~IM5 1. Process to prepare E-caprolactamfroma starting m xture

cont ai ni Nng aad62aMpPAQC RHeFrAAS Setive ehhan 50 ahama- mral,clateed on the anolnt
conpounds in the starting mxture, in step (1) the 6-am nocaproate ester is
ani nocapr oP&eferabdid belam doSapPeanldendsr PR Seh@LNcesEfEe 837 amoni a at

2,20, amount dia-aeecol 9L0ae WhkehbBage b 5k OFNGHERCZd ol Nt C a by

reaction wt erature of betwe 2 W a separate r

si mul t aneoys skeen@y al e@in dheekolifswhiamd nonox s iweNlystep (2) the
6- ama. nocaprqQi ¢ acid and 6-am nocaproa i de are gﬁé}iSLZEd.at an el evat ed
t enper at ur 81 1GRTEZEt &Sz BF SR haf 197 5s PEF SE1 FY (e 23 hdSapr oat ~ ester is

converted %r@@@rggqyngggg@gh@daggdd@@@u@g@@jm@g@gﬁoanide in the presence of

an anount higher than 2 wt.~ and |le s than or equal to 25 wt.a NF~~

(relative to the tot dhenddatusre doghe cvedd 5 1 Shrat e lafmoni a
present i sbgRachEl wA+thPHALCSHACHREYO @6l AdNal 1 ihAIAC &y 2ed in that
the first step (1) is perfcrnmed’in the pre ence rf 5-15 w.; ~

example as a melt.

10 At least a part of the water present in the

mixture 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 mixture which is fed to the

Preferably the mixture containing water and
organic compound(s) is brought into contact with the
steam as a liquid mixture containing between 0-50 wt.%
water, more preferably between 0-20 wt.% water. The

20 organic compounds can even be fed to the reactor in a
finely divided solid form.

The temperature during the contacting with
the superheated steam is between 250 and 400°C and
preferably between 270 and 350°C. The pressure is

25 Dbetween 0.5 and 2 MPa. Preferably the pressure is below
1.5 MPa. Temperatures higher than 350°C are more
disadvantageous because of the possible occurence of
degradation reactions causing yield loss and causing
undesirable by-products making the purification more

30 difficult.

In a continuous process the steam-feed ratio
(in weight) is preferably between 1 and 20. This feed
is the total weight of 6-aminocaproic acid, 6-

aminocaproamide, oligomers and e-caprolactam present in



ammoni a. 3. Process according to any one of clainms characterized in that
t he 6-am nocapro C~ al kyl 6-amm, n, ocaproate ester. 9.. Process according to
any one of clainms characterized in that the tenperature between 60 and 160
C. 5. Process according to any one of ghains characterized in U@aAm;mm
starting mx conposition of organic conpounds with | 00 wt . ;

~-am noc: aproate ester, o and 1-2, to ester is a Cl1-3, n step (1) is 1-4,
ure conpris 0 n r 5 50 wt.v
ure ~Ocapr§§eagf£wf@ Orhi8 fleQdWEoes neeﬂlgae%@[%g ah a,sl_tdr thﬁ%ﬁéw Qe y
CLAI M5 ( com@anedpyeaestAUG ZOOZ and 50 wt. E-caprolactamand 0 and 30
wt.~ oligoners of 6- o] 1 ide, .in which the
total of all these f?fggtﬁgﬁégggugg gﬁg?gr?ngkggggggﬁgﬁlg%eaorgznic
conpounds Gonﬁmnuess prooedbngntwhibhistéamcharaoneihmedsﬂy ttedt t he
anmount % anlnocagéoate est er ﬁ 6 anlnocag gic aci d,

apr B

6- ani no B%n?dﬁea t3Pr 6P5Et ath % a°h|F58nEP§E8Fe *8nPhGESPFoi ¢ aci d and

6- a”inocaprM@ﬂbdpxef@réb@ystﬁétmmﬂtﬁkétm%ecbﬁtbﬁhmﬁemyOOE gethi=0 wt. of the
organi ¢ conpoungs. 7._Process according to any one of clains 1-6,

characterlz%ﬂnﬁlﬂuQﬂs%ﬁtf?ﬁetPthémFﬁ§C§ﬂ€BszﬁP§ B&r £Br AHECYRt i nuousl y: a)
reacting thgi®rabeNOSAPHRALR @EéefeéﬂtHa@ﬁheEemEeEBEuQéeagn%%t%%e% to 25
wt.v anmonia, b) separating the alcohol. fromthe aqueous m xture; c)

f eedi ng ther%@uF@m@raa%@uén% khar EerperaEuget PENtREnECRAERAI ch t he
cyclisaty ongiseperforned; and d) separating s-caprolact:amfromthe m xture
| eaving the cyclisation zone.

.AG. A Aa. Ay. A3. AGF. AThe . apot Apypual y3oRenY¥EASIPrASYEA. ACYOXAds. Ay %nEBCH
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a]ca]ca]ca]ca]ca]ca]ca cal ca] ca]cal] c™a] ca] cRa
is prov1ded w1th an inlet for the feed

apparatus whic
mixture, an outlet for the steam/e-caprolactam product
15 and means for supplying steam surh that the steam is
contacted with the mixture. The reactor is optionally
equiped with a heating device and optionally with a
mixing device. To this reactor the feed mixture and the
steam can be continuously fed. A possible reactor is a
20 fluidized bed reactor containing inert particles in
which the bed is kept fluidized by the steam. Another
example of a reactor is a horizontal tube reactor
having a rotating axis on which axis means for mixing
and/or transport are present. Also means may be present
25 which prevent fouling of the interior vessel wall and
which promote an optimal steam/substrate contact area
for masg-transfer. Examples of other suitable reactors
are packed tower-type reactor, one or multiple staged
bubble columns, a gas lift loop reactor or a multi-tube
30 reactor.
The gas phase obtained in the process
according to the invention will comprise steam and g-
caprolactam and some ammonia may be present. The g-

caprolactam can be isolated from this gaseous stream
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obtained with a ligquid phase cyclization process.
Preferably a liquid phase cyclization is performed as
20 discussed below.

The concentration of ammonia in the
cyclization is preferably below about 5 wt.% and more
preferably below about 3 wt.% and most preferably below
about 1 wt.%. High concentrations of ammonia have a

25 negative effect on the yield to g-caprolactam per pass

in a continuous process.

The concentration of eg-caprolactam and e-
caprolactam precursoxrs in the cyclization is preferably
between about 5 and about 50 wt.% and more preferably

30 between about 10 and about 35 wt.%.
The elevated temperature of the cyclization

is preferably between about 200°C and about 350°C, and

more preferably the temperature is higher than about
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The cyclization can be performed continuously
in process equipment resulting in high and low rates of
backmixing, such as described in EP-A-729944.

10 The t-caprolactam can subsequently be
purified by methods known for purifying c-caprolactam
obtained by Beckmann rearrangement. An examplary method
of purifying e-caprolactam is described in US-A-
5496541.

15 The e-caprolactam can be separated fiom the
reaction mixture obtained in the cyclization by for
example crystallization, extraction or by distillation.
The eg-caprolactam is preferably separated by
extraction. With a process as for example described in

20 WO-A-9730028.

Ex I- m ative Experim A-D
An aqueous mixture, containing 20 wt.%
methyl-6-aminocaproate, 6.5 wt.% methanol, x wt.% NH;
25 and 100- (20+6.5+X) wt.% H,0, was fed to a packed-bed
plug flow reactor. The bed was 0.35 m long with a
diameter of 1.1x10™% m, and was packed with 1 mm glass
beads. The ligquid hold-up time in the reactor was
varied from 10-45 minutes in all runs. The reactor was
30 kept at a temperature of y°C. The reactor pressure was 7
MPa. The results are summarized in Table 1. The
initial rate constants were determined by measuring the
conversion levels obtained between residence time of 10

to 45 min. The table 1 presents the conversion obtained
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'nl0%, 6 & ()- @aY Qﬁoeﬁév&t@h @%peﬁ!%@%&:%y &hakra@erilzed in that in
u' BlO%P/(Y&' ()- @[[5[n[[e\|[
tep (1) the 6 amlnocaproate ester is |converted into 6-

aminocaproic acid and 6-aminocaproamide in the presence
of an amount higher than 2 wt.® and lejss than or equal
to 25 wt.% NH; (relative to the total amount of organic
compounds, water and ammonia present in step (1)).

2. Process according to claim 1, charactefized in that the
first step (1) is performed in the presence of 5-15 wt.$
ammonia.

3. Process according to any one of claims|1-2,
characterized in that the 6-aminocaprogte ester is a C;-
Cs alkyl 6-aminocaproate ester.

4. Process according to any one of claims|1-3,
characterized in that the temperature in step (1) is
between 60 and 160 °C.

Process according to any cne of claims|1-4,

1

characterized in that the starting mixfure comprises a
composition of organic compounds with between 0.5 and
100 wt.% 6-aminocaproate ester, 0 and B0 wt.% 6~

aminocaproic acid, 0 and 50 wt.% 6-aminocaproamide, O
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total of all these fractions count up to 100 wt.% of the
organic compounds.

6. Process according to c¢laim 5, characterized in that Lhe
amount of 6-aminocaproate ester and, if present, 6-
aminocaproic acid, 6-aminocaproamide, g-caprolactam and
oligomers of 6-aminocaproic acid and 6-aminocaproamide,
in the starting mixture is between 0.5 and 50 wt.$ of
the organic compounds.

7. Process according to any one of claims 1-6,
characterized in that the following steps are performed
continuously:

a) reacting the 6-aminccaproate esiter with water in the
presence of 2 to 25 wt.% ammonia,

b) separating the alcohol from the aqueous mixture;

c) feeding the resulting adueous mixture to a reaction
zone in which the cyclisation is performed; and

d) separating g-caprolactam from the mixture leaving

the cyclisation zone.



