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RbF 5465 Met hod for purifying caprol actam The present
invention relates to a process for purifying crude
caprol actam whi ch has been obtained by 5 1) converting
a mxture (1) conprising 6-am nocapronitrile and water
t ] | nprising caprol actam anmoni a,
mg?tg?ﬁoﬁé%hw(g%#%lrag@gnd | ow boilers in the presence of
a catalyst, then 10 2) renoving ammonia from m xture
(tHe) prééénﬁmeﬁhdﬁ r@lafé’s Y d/58cdsh tdr burramgdriid dﬁﬁro%@ﬁﬁn%%tiﬁﬁbeen
wat er, high boilers and | ow boilers, then 3) conpletely
o? tii%ﬁdtqyy removing water frommxture (I11) to obtain
cr ude caprolactam (1V) conprising caprolactam high
| lers

Spiane a gPRraD) ol Bt Mo iR ahd e o 00,
b0| | |cnrgprpmgmaprabda@ ammenid ovater ritghdiwilers ansf low apilewl imthe prasence of a
under, &"‘Q% [g stillation conditions of the follow ng
steps ?to h) to a first distillation apparatus
G, b) distilling the crude caprol actam and the

| HHOT G&hbvinga n@bnmrM.a.xfuré ($|§ to@ibfin 4 hifureOM|) caRfRIng chisrolGdtam,

and renovin am in the bottom regi on and
a sedGify h'@ﬂ’ﬁ@%@%ﬁ?‘f’ﬁ‘" Bp regi on of the
di stillation apparatus Cl 25 c) feeding the second

gbst g@e éé,p 'E”‘f’mq *&eﬁmﬁﬁﬁa&mﬂe @h$ d;; St @%Aﬂ&ap olactam (IV)

arat e seco ream from
st ep CBYPIisNG B0 é@@‘n@gfﬁb‘%‘?fslaﬂﬁ{qwchw%ﬁpar at us C2, and
renmoving a first substreamin the bottomregion and a
secon ubstrearn in the 30 top region of the
di st i¥ I'CgtCP’BHr'SﬁBpar atus C2, e) feeding the first
substreamfrom step d) to a third distillation

appar L USee dg gre)crlﬂe%ta 'a!:tglg a'ﬁ!i1 Sn [nbn?ﬁl&gﬁéf@@f&nfzrg@d?af tfoﬁiﬂ% ﬁamt above

in th thit Ion ap
a first émhn@mwtmﬁcamaqm tmﬁm e gistltienrengtians of 'éejfoﬂowmg steps

capr ol acta{@ )t 4 it dishitation Hparifust, di stillation
apparatus C3, and g) feeding the first substream from

step f) to the first distillation apparatus Cl. 40
Pr ocas s edlistilinig the emae tapeplacspr idaied iaorgameaabintterfirst distillation

know! edg%pp£§u§ é?sa?\d removing a first substream in the bottom region and a second
substream in the top region of the distillation apparatus C1,

c) feeding the second substream from step b) to a second distillation apparatus C2,

d) distilling the second substream from step b) in the second distillation apparatus C2,
and removing a first substream in the bottom region and a second substream in the
top region of the distillation apparatus C2,

e) feeding the first substream from step d) to a third distillation apparatus C3,

f) distilling the first substream from d) in the third distillation apparatus C3, and
removing a first substream in the bottom region and purified caprolactam in the top
region of distillation apparatus C3, and

g) feeding the first substream from step f) to the first distillation apparatus C1.

Processes for preparing caprolactam are common knowledge.
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2PFts4069 | | kewi se common know edge, for exanple from
U I mann's Encycl opedia of Industrial Chemstry, 5th
Ed., Vol. A5, VCH Verl agsgesel |l schaft nbH, Wi nheim
(Germany), 1986, page 46- 48, q@r Kirk-Q hmer,

Encycl opedi a of Chem cal Techndl ogy, 4th Ed., Vol. 4,
John Wley & Sons, 5 New York, 1992, page 836, that

¢ @F)srh rrée“%get %;n \M]P (I)(Rglvﬂéd@e l\‘c?r%QarF ;9«% ﬁérnﬁllrﬁgn%@%b@bbg%la {55“’5%' ?I
aﬁdemlbta SthEd.. Volphl VEK Ve@gﬁgq@elbdiartynbwav\@rnh@m (@ermamdums page 46-
Oﬁ? of Rjﬂé oxﬁm% Eﬁé}clgpei'jlfa % chdnieh Técﬂpdﬁglyutre@d Ry 4bﬁ)hﬁ)(f\ﬁﬂ§)€&“§ons

e regron of a maxi nmum of

i ng é{ﬁr&é 992 @,@%@ﬁcwﬁﬁwa'ﬂcm WB'F%BaF%forﬁgﬁ :%gzqmarhaf polymers has to

r ﬁé\fef 206G BEbm @9‘9 169, b«ﬁ‘b €203 BHRMain igMSiiritEis WhicAlly Salef iH h Bmount of from
| eum After utrali

o 08 L 192 v ioreS e oe Fresest BB A4 yobe FREPUTcLe oo
C 8or iktanobtcapmiactafroambé preparedrbyBackmanr feartangéroenteticyalshexanone

géxn%r qH%&IfunP?ﬁqoe&g eﬂﬁ\t Aﬁ’é? Wft aﬁza%h& r%%ﬂ.&far% ltaeremn thls way with

cesses react
usmmome tsg/mprmazrecam@lot@maﬁ@n éhe wwm 8\fate ferged as a by -product

CHPLABSIANANSn b YGHeRKy| amoni urn sul fate, the

ox! mation and rearrangenent conditions, the crude
caprol actam whi ch has been obtai ned by Becknann
I @8pending SN tatprazesses ol @Rpainauid reactantsiEed o s¥nthésize dytlohexanone

hei ' e
o 85 St 5 S SRRt g RO BB io B A E b i
r mrraageg'@n’eqwdlm tae crude ¢apralastanoiviient Ims@een obtained by Beckmann
67 Jéﬁ'%n Qhiphigd iR PRrREWRicH R W tREAY S And @modfl. 'F)fﬁl'caltuhﬁ:rltles of

icat I on of the crude caprol actam obtained in
D RA SRR PHRBIRARE STBPT AR Bec T SO BRI B o

d ehyichetlactAxas, @rriéthyyaletolddamfanti2@ntyGcetbdigecr ude

caprol actam can be purified by hydrogenation in

suspension in the presence of a catalyst and with the

affdi thé purificdtion of the crdde @rotastaoy ehitainpdtitheBegmEPE S5aIrangemest, various

C%ﬁb@@ssﬁ?ﬁé@'b@@ﬁ%&ﬁb’éﬂ be purified by hydrogenation in

suspension in the presence of a catalyst and with the
addi tion of a base. DD A-75083 describes a process for

p%(:d:d‘rdihg'\lg UHAM’%SQW il oﬁﬁfe&:ﬁbrblﬁcthﬂhlcblh bé bl}ﬂﬁéﬂ Byt Hybiober@tion in
crude 30 c ro acta % ‘i ﬂ]utﬁgtlditio sseclaclmved in an
oPYSRRPEONR gﬁsenw 8%@'?5 MY’ FHAoBCLAAM  of a

cat al yst and then treating with an ion exchanger.

A%g& Jgfcng Jea '%Esﬁ & rdroie cgpfaa&%rc@ﬁ B@Bdrﬁ&d Sy ny%eértaam in

e ee or capr ol act am can mai ntai ned by
cémnemmugw PREPERLS A A StAME aﬂ%ﬂ"%‘ﬁﬁa@'t@ﬁﬁfﬁpﬁét amin a

liquid phase process. 35 Crude caprolactamwhich is

" EEEh R ke S LR 1 miiphecor e ap ey e iy cruce
prcemtqlectsm andisubsequently3dissoivay Ilanlosganic seleenti/udrogangtingdn the gresence
byt a catalyst and then treating with an ion exchanger.

According to EP-A-411455, the characteristic important quality features for caprolactam can be
maintained by continuously hydrogenating the crude caprofactam in a liquid phase process.

Crude caprolactam which is obtained by hydroformylating 3-pentenoic acid and/or its esters to 5-
formylvaleric acid/esters as the main products and 4- and 3-formylvaleric acid/esters as the by-
products, extractive (WO 97/02228) or distillative (WO 97/06126) removal of these branched




pPFBYpEe, extractive (WD 97/02228) or distillative (W
97/ 06126) renoval of these branched PF 54059 3
formylval eric acid/esters, am nating hydrogenation of
5-fornylvaleric acid/esters toosﬁ- am nocaproi c
aci d/ esters and/ or 6-am nocaprdnamnm de and cyclization
offorﬁyiadrermemersﬁrsg: am mﬁtlnglh@@'bgﬁnétldnrof 6fcﬁmylvma|@r:ﬂmde@ B-
cont ai_ns .ot
R L T L A e T TS
ofacid@siets\or BRmglotappénanideaontaioh vthentyaicasiguttieng from
5-for nmyl val eric esters is disclosed by WD 99/ 48867,
Exanple 1, and starting from m xtures of
5 6Fah¢>@6‘§§pﬂ"® raystalizagion & CEMP AAFRIARRN HitY the aggilépn of 10% by weight of water

C QbtaREPXB&hd Bom Qlférg?l'mérﬁ: RMerdiOai88és3d Qﬁ ¥o M? @xgmrlle A, and

this crude caprol a from which | ow boi
h&REING FPMsRIEHTEs Bt R BIACHRIKASIOCH 9@?8? f°£‘8'ﬂ“ld8 [nd gosTRSP
Ofohd&n‘lﬁ WO&BB@‘DG&Eﬂﬂanel@ Inl{A8 cp@exadrolactam from whlch hlgh and low

i rtFBnEf ﬁh{a\lvé go%g%?progége%eto © ?'ﬁgglﬁgat'%ngéﬂéj’g}"dﬁ N- gh ’% actam

10 maDm prmaof froetbyeatérelactart 78300 i neleramisie aodmmrdmpmltlmrevre@ent The
Pu% e&&a&&ﬂn&éﬁé%@& Radfiinf Ehiddath @&c%& R do !99 R Thé

tines aqueous capr ol act am - al erol actam
a,pcecwaaptgq %mqt%{%wwg fitererbef andewashed 21toF§r5|mes gﬁ%aqueous caprolactam. 5-

N'Mm{yhvylbl%&@faﬁi mtvﬂﬁﬂahﬁde%r@@ﬂeteﬂao 6 ppm Cﬁndw-mdtﬁyld:a@f:‘d]auﬁm to

éb}éjleﬁé%of cltg!ei%c uérg%%e%%éafa f Ipu Hagta%?fo%ro%ga@ X se’d 45.8%). The
15 (VB?ClﬁnamnmeItI)e wiatigibases (U§) wassoly atiainask bysy sebondcossiatization. When high
Wéﬁ&‘ Iob.r' bsahars @Ee frérﬂweb ﬂbh%&ru&rﬁp.@e&am%&é tﬂ@b&aauz%wﬁ&commg to

Eygro act am ore the crystallization accord mgb
Q 89/45867 ESomplec. Hhe cewe‘aetarﬁrvtsldaaétﬁbqu@mn Xag &%
crystallization was 52% WO 99/65873 further discloses

h f
iR OGBS el HERS P g Rt Ao Ao Rghobegh Foiis win
20 3-ethyR3:byrdliqgope remettip:2epipridond; 3rethyly?tpy@elidomeeand demethyb-2-piperidone or
O%E%chpﬂglfhzmééh B&sofiinRIGEH 5%%51%1&%‘5%0@%@%“&1}’%\%9 or zeolites to

cular sieves or zeo taln

c #ptabyl e epRfolactaey afigedaspiptions This ranrdaciam f%roae'tnaahbpéqi'em by a melt
NMRYystafizdtioh boyghtizatoni®iia sokenst al | i zation or a

crystallization froma solvent. 25 It is also known
t hat crude caprol actam can be purified by
25 cnyisalsd knonatthad orudestaprdiactagn éandvenpbrified iy prystalfimabion, staiting from 6-

a%ﬁﬁ’r!ﬂ% anfnfé %&%@%%&3%@' JEH@ 8, é\{aqnlﬁd"lk)wcﬁ’él}z)ﬁg with water to give

am nocaprol ¢
v@raswncmeroamﬁn\wgtef @ndr?eun%wa feRmed by Pydralysigrase thep pemoved, the 6-
I QiR Ebroik Bed Brmadlis BRAZHA'IAH theabdulling 688 ehprdiactyThk caetllized
and the r%% %écrude caprolactamis crystallized
aceeR % 9&65 / 48867. 30 Caprol actam can al so be

30 obt ai ned by reacting 6-am nocapronitrile (ACN) with
V\@fagfoldcfénf oR alis'o%H 'ogtaw@(ﬁ1 ﬁ\,sr%a&tlﬂg b Q%trﬁfz@p?&ﬂﬁl@ (AEN)IRA SBEPin the liquid

| ease of anmmoni a.
phase in the presence or absence of a catalyst with the release of ammonia.

In addition to caprolactam, water, ammonia and in some cases further liquid diluent, the mixture
35  obtained in this reaction comprises impurities having a boiling point above that of caprolactam
(high boilers) and those having a boiling point below that of caprolactam (low boilers).
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| pposlghsi on to caprol actam water, ammonia and in sone

cases further liquid diluent, the mxture 35 obtained

in this reaction conprises inmpurities having a boiling

poi nt above that of caprol act arq (hi gh boilers) and

those having a boiling point below that of caprol actam

( |Tﬂé\/emnﬁd|@(5f3JS-A-ﬁ’§6 mees thdteray aé'ﬁﬂblﬁctﬂfl is\dbtafved e ity of 99.5%

closest rolacta i.S 0 i d i a .
ol Shyirasaiert BB &, BY b S Aph Povetsup pivure

armmannedun theoreaddion bEAGN witidwitergdndlsalvdnér s from a m xture
obtained in the reaction of ACN with water and sol vent.

5 For crude caprol actam whi ch has been obtai ned from

AERr ¢rade; gaprolactar whighthas deennbitained frami AGNiathediquid phasecathes purification

alfocafies En‘et&%nb@d RfEe thB fnpumRas. df Euc‘ﬂ%rd&g c§¢#6cht5rﬁ ldm@r sngntf cantly from
caprolactamdi ffer si nlf I cant Eﬁyrﬁigrom hose of

é'iﬂssphf&'d&nﬁaﬁﬁ aeﬁmwggc 588 ReeRdiangd g B‘i)e’cﬂf‘l”%ﬁseﬁr%cdéé“s"@%d in US-A-
a% sesar1i bed in US-A- 5,496,941 10 According to

US- A-5, 496,941, ACN is converted in a first step in the

i quid phase to caprolactam |ow boilers, water,

arhecordiag talwé -fop B | AGN Egorvared i a firstatepsn the dquidnheseetd caprolactam,
SII I l%mJﬁiagJﬂd o&Bhéll?fuﬁhQ’rsglvénWé/ Rfhol& éﬁ‘mngh&us!y high

ca ro actamin his cru
c &asle@ e fem%to ohiai P@@%W@f{w" 4 ll?é"tb?f@gér?’c WisGrudg caprofactam is
C aydrboembted Infiee ﬂr@éuéet df B GatBiys, dh&rbsdltiﬁg bfoﬁ@dt sdrewaa hntraam acidic ion

P Gxlebodk B ytiaed e Pyptd rior e ka7 BE afihog pr apese
base. 15 WD 96120923 di scl oses a process for purifying
c rWﬁ%ﬁﬁQﬁS%s@P&%@ oibeeshirop blﬁmgfdhﬁ@clabﬂ%tgm dﬁﬁﬁ%ﬁems tQrgm liquid

I zatl on m nocap roni tr
prpéawd@w@tfon &f &ammempr%ﬁ@ie with waterig F’G@éﬁ?é’&?&s?f e a?"éﬂ"§/§‘ids°f

I rhetemgsnébrue @ﬁﬁlﬁsts G tHid Prozady! @h@é:éaammcﬁam i inktiam/ Hyurogeanated then
S an

APl RERde peeay v el oelb ke AR 50 A

di sadvant age of these two purification processes is

rﬁ?ﬁlsatrdgﬁngafgg?ﬁfcl}%éeat?vs Lﬂ@ﬁﬂ&n%ﬂxﬁés@?& t@t%ée s%gé%t%%ljaé:gw ﬁteps are

ure ca
arfenl@@ the prepamporyf peresarrolgedMpuri f i cati on by
cryst allization of caprolactam 25 obtained by liquid

OIS 18551 SUELE 1805l PPN by R v

C ajbtairied by bquididnigedphzas cyeizatiorodfieaiemedal bf armmés@\andhveates. t he
di sadvantage that they are technically conplicated and

energy- intensive, in partlcular asS a consequence of
t e miavessen Seatiqned &r Puryingaaysie cagolaptemiwich lasbges optaiged from ACN

t hﬁv@fh@%%ﬁ@vaht@?j@tﬂﬁt‘ tReY drdteBiriaiRmplidaica&d Snakby-iBnsive, in particular

enabl es th ﬁﬁar ation of
asaconsequen of the numerous separatlng steps.

It is an object of the present invention to provide a process which enables the preparation of
caprolactam which has been obtained starting from ACN, in high purity and in a technically
simple and energy-saving manner.

We have found that this object is achieved by the process defined at the outset.

In the process according to the invention, crude caprolactam is used which has been obtained
by reacting 6-aminocapronitrile with water according to steps 1), 2) and 3).
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C @i gdoaet am whi ch has been obtained starting from ACN,
in high purity and in a technically sinple and

ener gy-savi ng manner. W have found that this object is
achi eved by the process defineﬂbat the outset. 35 In

t he process according to the invention, crude

Capstey HCd ﬁfﬂul‘é(l)'d:&ﬂﬂ'ls% B@mﬂb@ébr&ﬁﬁ%@ ke alhdkﬁﬂona iquid diluent is

reactin rothrl th water accor

{ Eaenatlo SyRUR 1 3ihibnd bopstestis). SRR st Plcgfitgid pient nion
( Iopilecs0ama awshoilgrs b-tiepres@oceof @ wolidwhick catatgtically seppdrts the conversion.
optionally liquid diluent is converted to a m xture

(I'l) conprising caprolactam ammonia, water, optional lP/

| iThaAGNdequiredhtor stap diraniasideasrallydnewn foun YtshansisEnrysloppdia of Industrial

PIReRREE 5H E@ \?%‘PlA'SdV(‘l'ﬁ‘ V@rﬁth&’Js@i'sbfﬁdﬂQﬁ’dH W%QH‘P(@E%M?? 1986, page

conver si on. requited for step 1) can,

gdhctials be WW’? fPf’b‘l‘ﬁ‘R‘BF“l”l‘ﬁann s Encycl opedl a of
| mHBlIAd @kful ;ﬂ%ﬁﬁté‘sta“é’me bial Edtal.yzeV%drodb‘n‘atlo\ﬂ@Hadlpon|tr|Ie in the

| N Ge
48resBitG b1 33 ghe PHELPIY ShPRTRAT ﬁgg‘@%@%ﬁfﬁ@# o
U gniguesiymm oxidssEISA-6,681 839 Raaeyt nickel (U&tAa2 VE2:885, WO 92 nickel on
h%ﬂfnﬁ&%ﬂ&&de%s%f-z 64 280 o § Lﬁxédrbeb @@aw& GpedsR sﬁiﬁel DE-8-954416.

a suspens
c dSh¢&b7.814) Qaqumpérﬁwﬁﬁgms@u wwace@rdmg to US-A-2, 245 129 US-A-

( U30Avods EB1A-3502bs oRApIBdEsE bEeAbed(MFsA-50496(41 835, WO
92/ 21650), nickel on al um num oxi de (US A-2, 208, 598),

or, as a fixed bed catal yst, Cu-Co-Zn spine
( Dﬂie Bdiparitdld GequirddSorthB cBiveérsiib4g prepared indus(riBlly: v éx@anpe, BB@ubie

orhé@‘&%@%%ﬁ E&&%ﬁ%ggﬂg\e Brgselr{l?e 6% rfgcgéliﬁ% %@?\P cﬁés and is commercially
Usvaiable forexgmple, fiom Mecha(énegum@@s{eilqcéafk Bh &l Kﬁ&tewm'@ Germany.

conversion is prepared |ndustr|ally for exanple, by

AR e A Ok P (LS e R ) P G prase over

asiica gbe3oof@r exanple, from Al drich-Chemni e

Cesel I schaft nbH & Co. KG Steinheim Gernmany.

According to US-A-4,628,085, mxture (1) can be

c caawallyt tBig conyersiontcan be garnied quhaacpiging 2osU 5&¢a in thegps phase over a
518 8o/ GPLooBlrcARARm EBAL dupiurk e Ggyser si on can be

carried out according to US-A-4,625,023 in the gas

phase over a silica gel or

C aiRere/ (5 bEOATEAE doavdriedtd mikdars (L) fop xkatiples at@bdjrgtto ERB-659 741,

o iip287) E o R00 yRERSRNE Bl 8D SoPadhe 07 67 o
19632006, WD 99/ 47500 or WD 99/28296. The conversi on
C afheRbRleRIARGLY F#éf’eré‘b?\f Hel &Fﬁeg Hﬁt in e g&?prggé atﬂé}ﬁﬁé?at@r‘és of anerally from

erat res gene
{ DR Greftay TS deL Gy B pEstun BRaNTg NG fB0s o 001 to
r anogaar, fpreferatily & htrbaspBéic ptesbare,, althsugh earalbbs/tode takentiepthe reaction

P;rgigttﬁl}'égﬁ pre%rﬁingmlg Eas%@ﬂseunta@rcthé &ngﬁok%'ﬁ?pﬁby&&j at the

The catalyst hourly space velocities are typically from 0.05 to 2 kg, preferably from 0.1 to 1.5 kg,
in particular from 0.2 to 1 kg, of 6-aminocapronitrile per liter of catalyst volume per hour.

The conversion may be carried out batchwise, but preferably continuously.
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NPElg4n8ei s predom nantly gaseous under the conditions

enpl oyed. The catal yst hourly space velocities are

typically from0.05 to 2 kg, preferably from0.1 to 1.5

kg, in particular from0.2 to_ 1 kg, of

6- am nocapronitrile per liter & cat al yst vol une per

hQgdful r&}itomge advantgsdus tioey abgereedlly krddin fitlgadpiasbvdastidbns over
refera

b
Bl LR s g e e 9SS g o peg peactor
f prefegrbdy flxbdises reacart suomes atray reactwyin ngrtlcxﬂarsattd!ulan rescipr. Combinations

spgéughpeggg\ls)égasofgsg&grence is given to using a

react or preferably fixed bed reactor,
such as a tray reactor, in particular a tubular

I &@RerRly frofOiNtB 150 Aol QFé‘Feratﬂ’f fromV € B 10936 L P vBtePr@ uSddSder mole of ACN.
possible. 5 Generally from1 to 50 nol, preferably from

1to 10 nol, of water are used per nole of ACN. The

MTHS tAlxRire (Il))maryeaJSoaJosupnsécnrmeir egarititdripetndarwihithiate it gagzoUSdsn under
ich are in.gase un t.he ct.ion

e BarciTiendudtR R 8e Bkl es Rl pesogproons

al i phatic hydrocarbons. 10 Usef ul cat alytically active

CQQQ&%QQ?I(%‘W idiGe é@ﬁp@hﬁq@@th@%&alyét?é %ﬁéﬁ%l’n@l’e Siiicbh Glgﬂde as

di oxI rogenic sil1con ai oxia lica g
k P¥egEnis sHiFon t Qs gica gelifiepelouhn quarta eqmlx@@ﬁﬂ@(eof copper chromite,

c brrecafad:ﬁumumrﬁﬁﬂa@bdayuualo_um rp;tpknferebqj{1 fit@niurkh Idtﬁ&ﬂé hummurd @hosphates,
prefera titanium.di oxide ant hanum phosphat es

P LRRART Rl AR HsSTuBs bsn S o B on P o motnds.

15 Alum numoxide is suitable in all nodifications

V\’ﬁluﬁ'rhuﬁ%hcﬁe?s Qb ﬁeaﬂ ﬂMIf Eh?@ﬁé ﬂgchtééﬁ b@ EﬁngEdSWhteatlng the precursor

onmpounds al um num hydr oxi ,
p§@BERHBM¥W'ﬂ@" hislg (B'Ebs&ﬁ'd"’Bhrﬁ'?p B‘-iefd%ﬁoehrﬂ'Fef P@’F@tﬁta"d diaspor) at
t giffprehtadrfedStured TG Se ind1Gdelisl partidulap garhm&-LIarRY alharaemingn dxide and their
aI ha al um num oxi de and their mxtures. 20 Titanium

i s anorphous and suitable in all its
rmdl f| cations, preferably anatase and rutile, and also

g:r?ééng{ar?tﬁoﬁ{e iS Hl‘ﬁgrtpﬁmrat'l{il g@{aglg gﬁa#égﬁ?ﬁ@gapﬂggn EQ%?MnSEse and rutile,

s 8o A5 Bruresiof sychmagdificiebtveen 25 | ant hanum and
phosphate units and degrees of condensation of the

R s DS B iSRS o baveer

i ladthanwhuand phosphaterunits anddegrees of condensation of the phosphate units
(monophosphate, oligophosphates such as diphosphates or triphosphates, polyphosphates),
individually or in a mixture.

These compounds can be used in the form of powders, meal, spall, extrudates or pressed to
tablets. The form of the compounds is generaliy determined by the requirements of the particuiar
reaction method, and powder or meal are advantageously used in the fluidized bed method. In
the fixed bed method, tablets or extrudates having diameters of between 1 mm and 6 mm are
customarily used.

The compounds can be used in pure form (content of the particular compounds > 80% by
weight), as a mixture of the abovementicned compounds, in which case the sum of the
abovementioned compounds should be > 80% by weight, or as a supported catalyst, in which
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Thesagggnpounds can be used in the formof powders,
nmeal , spall, extrudates or pressed to 30 tablets. The
form of the conmpounds is generally determ ned by the
requi renents of the particular, reaction nethod, and
powder or neal are advant ageougl y used in the £ ui di zed

beé’serﬂgé m%méﬁﬂonddftemf)buheﬁi cdrast dpplidaasia meatdinaly a0t chemically stable
ext rudat e

% avin hqb rﬁeters of between 1 nmand 6 mm
afePPoL s M?Y'"%ngg #1e52 e conpounds can be used in
pThepidre comgaiodd may havé bednepreyaredi by pregipitatiogfrom adesons S0k, for
' t
B g e A R
s lntsgertigneof ineg@omipym wie itaniugrdioxde 1 FigppeP diedde eﬂv&egﬁswhlch are
| RohbcRiAvardfdo9 7 case the abovementioned conpounds
can be applied to a nechanically and chem cally stable
support, wusually having a high surface area. The pure
C Gl m@woaayremambl?aﬁrmq@ammanemimwsmf eatiops doarponngisf Trem
ueous .sol utions or |
o G PR B iR R sof s fStBVRICE il ABWUREA L by cinng can
5 bp pespanedtforcaxample fbyeepradipitation franosaludien. TmlswamralmreﬁUlﬁs('n yery good
Isﬁ‘ib[llgt‘g%lf Mgggde%pgﬁnec{@%%\%ﬁ%lg o‘Mé'in%H TRE %omﬁ&ﬂa SF SrbérdoY mixtures

e aval |l abl'e for rgarl ng
|¢§n glf,g([aqurg@pl@fed\papqeglggaheg)mmgundﬂﬁgrecmﬁb ﬁa sgjice of finely

t f&ﬁﬁg{ed Bérﬁ&w@me S0 RUMpSUny/at ﬁbc@ébﬂ pd@@erﬂ: a1y SuspetsidnoA funteer
es

b far
R P bl oGPt Bhe T Gelneb b VPR a Ty Sthiure
i mayding usEcasch stattingt matérial fooprodifcing legtrudates odn’pi@tands used
bei ng obtai ned. The conpound or precursor mxtures can
al so be precipitated by precipitati n one co
prid digthods dessripegdn the digahuparg in I?’I"ﬁ'é'P?“' agle\Jordep %%”PE‘?@Q catalysts.

offol RGafRCHB Gorﬁ;ﬂffﬁ@ém be %p;ﬂl@@ﬁﬂh@ﬂfpp@f AR Tormdst tiir sols by simple
suspensi on.

con n
IR Rg e DRera A5 Nee SRl SR Hedlatl SRS e solfrom
mithe catatysi. Suctegolsfarecommercially azaikble far |t|tag|umai_|og|de ahd @lgminum oxide.
produci ng extrudates or tablets. Al nethods descri bed
inthe literature are in principle suitable for

préciudier mgansnb pRAIVING devers okthe satalyticall agtive srPgHRdS is tp fdrolyze or pyrolyze

) ﬁiﬂ&%‘ﬁfé%ﬂiﬁo Garic Qfpaihak | F%Fiinéténob r@ce‘idhﬂ@ﬁfpbort dan bB eovie @A WitD & thin layer
elr sols

n
c i P o P RO SoPRES Y T S SRt prdRg e
Ofsultém cdmpodnteintidde Ilﬂeandaim;rym nitraB Shitable|ssppmrteare powders, extrudates
ol oﬂ%rﬁ% rﬁ?lg%%oﬁ%%k&sf rﬁ% egrthr?bas%tgéy #%Qﬂ sl%le‘%@mﬁ&ﬂgsr ssuch s steatite or
t redicarenastlidet Theesupgerta seadveny be MegaRRIaUS) t@,mtpfp\fﬂ r"aﬂsw@sef
pyrolyze organi ¢ or inorganic conpounds For instance,
cerani c support can be covered

TR RO PB G O iPe P 9Ses B G her i eRetsiy B safigon o
ormmﬁ:l‘aﬂl’) td intxtung (ijnpeefdeabty atgen, infparticliarnit@@ers Jhe adilinpe ratio of inert gas to

COAR RN Dhich %CJSH% s bhder ﬁe%ﬁi&&l SolifH iy tab@hfgectidly @ Bp & 100.

supports ar ers, extrudates
Particular preference is given to step 1) being a process as described in US-A-5646,277 or US-
A-5,739 324 or FR-A-2029540.
According to FR-A-2029540, the reaction can be carried out in the presence of catalysts which
are metallic Zn or Cu powder or oxides, hydroxides, halides, cyanides of rubidium, lead, mercury

or of the elements having an atomic number of from 21 to 30 or from 39 to 48. The catalysts

described are used as suspension catalysts in batchwise stirred autoclaves.
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OPFis4piset s of the conmpounds nentioned thensel ves or

ot her stable conpounds such as steatite or silicon
carbi de. The supports used nay be macroporous to

i mprove the mass transfer. The geaction can be carried
out in the presence of a gas inert with regard to the
conversion of 30 mxture (1) to mxture (11),

prn}eﬁ@{eg:?&éés?ersgtﬂé‘reabt[bn‘?s?z%‘rde&%kﬂ \Aﬂ(é'n m&’gt?arée at tgrﬁgé/rg %%f generally

aseou
t fremrida s 3267F. @mfmaltly forme 16Rtp 28@fGathe a@ewslsgemaww thgrange from 1 to

1G8g bfaﬁréfeeuly%mrsrtsﬁ% Ed?‘%ﬁthb@h%?é%@s b%essuen tr;a thB fddRBbramixture is
process as described in US-A-5 646, 277 or US-

A opdomipany Ja UNERE e SOOEER SRS EHARGER res are generally i the

FRarge #6954 920 iihepreRadIyifom 118190 Bfn gl pattuliirothn tdi 6&min. In some
presenc

D st epngs fieorRlis Bb fnRr SRl S dsufiPille of
r Ghe donvansioh eartbe capved wutbatabwisefbut prefesiblyrmantingoushyyvsedul saactors

ri%mdg a g*ﬂr%jéens géut c,rlagg] argéfertaglég(ﬁxéﬁr bebl tibTaraltst. é@mblﬂ_ﬁﬁns of such

st's re us as suspension cat al
|rﬁe&§@r*‘c¢fwia§ep@,&3|bler ed autocl aves. PF 54059 8 In these
processes, the reaction is carried out in the liquid

D oY s SR S8R0 4 dof el RS CugElrlF 119 3p mol. o
i nwateh arersedjperfmotenf ACNO 250 bar, preferably from5 to

150 bar, although care has to be taken that the
reaction mxture is 5 predom nantly qw d under the

c AWEatagerrsly hp el qsedin dherferay i a frem 1tt‘P PR3 Dyaveighy dmpartigpipr from 5 to

i rSO%hﬁ we@ﬁtn&Srepréﬁfﬁﬂy fidh 5—%@0%1 Wwe@ hﬁédﬂftl&blh Wafef @ tlchica@se the
artjcul ar

o Foltis egiatBR GG R 207oF PRIRFLOF M HSHeR S HERTE A5 R i
e rdilient Eyanspldsiaf ocse@uhdiluerkéiacloderalk@nds, suchaa mebhana ativane cn-cantl +—

AR TS o g e
béuldmﬂmmaﬁuch eae@@leum@meb iberzene fRleps. Xﬂ@l@h'actaros $ush @y pyglidone or

arc%fr@ia@t@m Bpﬁl‘éﬂ le@titut@lﬁ&érﬁé $uéh 8é Nhﬁéiﬁ}lprellliorfEDN-.-methylcaprolactam or
pr ef er

abl to 100 m)l rticular fro
O aBegactam ridisg e rSER. BEPRPLEBOYER e o 1108
A@!tbﬁh aigee Uahryonia ray akGle pesert idhe readtire Itfwilromapprediatéd thahnfixtures of

t o %ﬁ |5)L}{d éf‘ﬁérﬁi‘%?y él fﬁ@[x#é &Muger off Gv%gll ?%ggfﬁanoﬁq{ % m‘ter}alkanol weight

s aat@tqf Msnﬁ-aaapreflerabiv n-wﬁocw hexe i spmecasey prompamsulweﬁvantageous
at the same tinme a reaction partner or in mxtures

conprising water and a liq uent | es, of

Pl Pﬂa‘?lﬁa 8ie Rossihte) e eraplay &éﬂ 818 'eagla@r?"sghﬁ%n?%m?? to employ
etsore@s., n- and i- propanol, n-, i- and t-butanol, and
pol yol s such as di et hyl ene glycol and tetraethyl ene

gl ycol, 20 hydrocarbons such as petrol eum et her,
belfsefuhbeterpgsingeysecatalyts aree for PXRMPARCIAS, BRFICES apPRtEG QYigRROf the

Ol glenSeMi ¢? krRGleadid OthirdbrHdUrth shERSdrodpLdf &é FeAcdiaTables B@dh a3 Salcium oxide,

N B R HA b8 e ST bSBE1 O A8 LB e o progenc s

prasfsiicadd) kiestloghar quanz/drinixtares therdoh vhthajsd gxisies of mefalg of the second to
sixth transition group of the Periodic Table, such as amorphous titanium oxide, as anatase or
rutile, zirconium oxide, zinc oxide, manganese oxide or mixtures thereof. it is likewise possible to
use oxides of lanthanides and actinides, such as cerium oxide, thorium oxide, praseodymium
oxide, samarium oxide, rare earth mixed oxides, or mixtures thereof with the aforementioned

oxides. Further catalysts may, for example, be:




10

15

20

25

30

35

cpFlyapsat ons. Anmmonia may al so be present in the
reaction. It will be appreciated that m xtures of
organic liquid diluents may al so find use. M xtures of
wat er and al kanols in a water/ gl kanol weight 25 ratio
of 1-75125-99, preferably 1-50/50- 99 have in sonme cases

proven particul arly advant ageous. is in principle
al %%dpgsoﬂd?l n‘?ob ?l'll c?IE%' I?(y @gﬁt &%@H{“ %gl&% %tl grmggxgg I}ﬁn sten oxide

c at mixipsesdhesead, Mlﬁtglfes ektaerp*l@es neenkiehed masaqfr Oéher arnwltﬁyt@rméslb‘e
O)Sbrq@§ulf?gest&%nld§$ %‘mgtuﬁd&f such %f §|ﬁ@@nﬁlde tzmcrsgeﬂ&e FRHbadhum

mal n group t ePer|0|c such as cal C|um
osyIfe, tuneasa@m&ﬂﬂmv%%nw%rzwr% aa%*u%m'ueﬂ CANARRE Y5 e,

t|n oxi de or silicon dioxide as pyrogenic silica, as

Ig%gfa ;gﬂ'@ggons? Som OEPQS rg?ychetﬁép%de\gl m Xéﬁjnrdgg&tb srt%% 7th maln group

tbamspémcdrc Table wpcantairt themPer i odi ¢ Tabl e, such as

anor phous titanium oxide, as anatase or 35 rutile,

zi rconi um oxi de, zi nc oxi de, manganese oxi de or

miFutther eitabll eatalysts inpludg zsolitesc emsg@atmuhme@pplmacms@d also acidic and

O)élkg e idf extiRRb R thrdssmaB flafist | ni des, such as cerium

oxi de, thorium oxide, praseodym um oxide, samarium

oxide, rare earth m xed oxi des, or m xtures thereof

}I\/i'lhbsetdaﬁlyéﬂ‘s Gl ptitinalyeach camdndveap toEU%tbly&egmaif abppet, in,Zing,
Qr__exa i U I
maaganes §n cggalt IE Ekeﬁﬁgr?ne%&l% gg{ggg{n Hrr}gﬁmgdglﬁﬂ% g@Plgm’

tungst en oxi de or m xt ures thereof. M xtures of the

O)ﬁaqﬁﬁaﬂﬁ?éfé%‘iﬁta%lts mh%ﬁﬁ&e%w qh@*eﬁls' édﬁ@éﬂsl&% mﬁhﬁﬂs%nd on-

Sone sulfides, sel'enides and uri.des, s¥ sts based

t Sireqm F’B%s ungderfhe §@"%‘ﬂ?§?§be‘jrfﬁ?c§?fﬂ%qfi'ﬂ'ﬂ?'§ Ay ?’8%9"“”5 cata ysts base

t WAgRhiem oxide fzirdeniuns oitide, ceramalideiackalliminai ngideTiese may be used in the
gr 2 m ﬁcgﬂide%a ﬂ'leglegp%g pegctéﬁhaa?et or gggseﬁftéj%ﬁlg@. n*l'leq&ﬁpof the oxiges is

7w|anetaﬂy|detgrrmu@ bydfie @Mfemﬂ$@W€ partigylas repetianapatadnandrpeper or meal

1%rcf ﬁgeﬁ tﬁeé'usﬁér'lbbﬁ‘thlu e ‘ﬁi’édade}i %e?hoh neik H%@Pio'u%@&blets or extrudates

phosphat es and het erop odyac:| , and al so aci dic and
alhR¥ing diameters betwepn h Jiot A9 08fMexanpl e Nafi on. These
cat al ysts may opti onal |y each conprise up to 50% by

PR Rl e o0 AROBNE S0 0Dy nGARARS procursor

r leouipaumds dlGmPamthydrokide ﬂgybbpbelmehméej peeudabophmite, hAYedte and gigspore) at
V%Héré?\l QFE ¥|‘aﬁ1'ré§SThe%9 ﬁ\fﬁﬂ%ﬂn%ﬁﬁscuiﬁ%ﬁﬁﬁklﬂéh& 2I5a-810Ain0M-oxide and their
treamti under ove-descri bed reaction
cdﬂ&P’teFons ar e heterogeneous catal ysts based on
ti tani um oxi de, zirconi um oxi de, cerium oxide and
m oxj de. These na .,
A oHaES < b e BT T prie BAE ity loce s 09 ety s
Thmxtﬂr@mhm@ﬁbqvmemmmftﬁl@zldﬁs invhich cager tag suw ¢f theabpavementiongd °><'des
t N@olieeeH &8 Hfor b EsupBsriel Cothidt, it WAET daBéithBbdVeRlentidRed oxides

owder or nea
P can be applied to a mechanically and chemically stable support, usually having & high surface area.

The pure oxides may have been prepared by precipitating from aqueous solutions, for example
titanium dioxide by the sulfate process or by other processes such as pyrogenic preparation of fine
aluminum oxide, titanium dioxide or zirconium dioxide powders, which are commercially available.
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apF 84p8d i n suspension. In the fixed bed nethod, it is

customary to use tablets or extrudates having

di aneters between 1 mmand 10 nm Al um num oxi de is

suitable in all nodifications %n ch can be obtai ned by

heating the precursor 25 conpounds al um num hydr oxi de

( Petbrsiintethodb areravaitable f@ peapdirigaiedumixtuess db 2arens dxidearithe oxides or their

di t '
?E?:Br% lc)gp%[)un%h%%ﬁ @%\‘ beI c%ﬁ&%?uo%ﬁﬁﬁxﬁqeg)@?gﬁmﬁ %&éﬁqﬁ) p"é?)ared for

mexamnl%eby cqmeclmtﬁilqmé@rrcs@wtl% This generally prsHlts i mm«sqqg@mr@mm of the

Oftwd ElieB @Eéd tfe'db%ta%& G Bx@@cﬁed?é’cu%f rﬁlﬁu}es ca® aI§o bé”&ecnpltated by
m xture o abovenent i oned oxi

BBt R e PR BT BRI PG BB OB vEY Ba%%%%we second
Wekigé br, prédursds praset g@§ispehsibat Atuptiér, méthiodwbngidts ia arehdnival mixing of

P SE R B3R Bl o T8 st s FLARREI frocucns

s wxthalates ar iabletsThe pur e oxi des may have been prepared by
precipitating from aqueous solutions, for exan‘pl e 35
titaniumdioxide by the sulfate process or by o

prAY eredhnds desgribpd s thp fietstienare "b‘?r@B'B'P &vitablg f‘affprqmms slpported catalyss.
al FaPinEteBeOik BRdestdah BE bppiediio®e SPpdfin Belf6raNdf thgir §bioky Simple

i C
e
nithet aatatyst. Stich/solsi apeisonowerdially available 6ot tideigmakoxidh,edlyminum oxide and
pr. nmpounds whi ch can be converted to the
oﬁ%ﬂmﬁgfm@aﬁ cining can be prepared, for exanple, by
coprecipitation fromsolution. This generally results

i [)AM@'FeY g&#@i@ﬂty ebir S&ﬂgy ingUdyeRdt 8é adth@oxidedi tO Nydedae bigblybedrggnic or
obt ai ne

t
DR xR lants: BpBE SUARY A S HEv By B el
| rdudxide byphyeledysis ef titdniufri isepropoxiiie/drdther titanium akaides urtﬂ&eswtable
&nd??ﬁ%lﬁ(fe ) Ql[’&ﬁ#ﬂ Emdtde Qlﬁﬁﬁlﬁr‘ﬂtniﬁ% afid %B@ﬂ%&eogunaﬁe supports
fur d ¢oénsi s

S I n necnani cal m X1 ng

orereRowserspdedates of tapletRatihe oxdes "leﬁi‘%‘e‘i’ﬁhﬁ’l’ﬁﬁ“@s ﬁ‘ia@’hef’ P'ﬂ%le oxides such
USSR sAcondiokid@  Thi Bhpoitd 1Bed by bhadddpREBUS ton@iprofithé mds tedsier
tablets. 10 Al nethods descrl bed in the literature are
in principle suitable for preparing supported
cdh aey 8}, ammokRialis remstedriom, mikdoe () dbtgin @awnixtire (@ pgsiripasing o
t r i npl e
| EpRERA bl /10 b I Ohigh Bkl A8 IR tdbers, TPIC
the voI atlle constituents of the sol from the

C afralaonia2dh fh |ﬁé1§]e B& ﬁenfo%mﬁirﬁ fnﬁdtdré/ (IR BPprbedsbes Known per se for
titani um di oxi

o SR oL ik suLas BEDPR P A1ee 2Pt =gl P Smpatop ofsuen
ofprédeesedct i ve oxides is to hydrolyze or pyrolyze

organi c or inorganic oxides. For instance, a cerarri c
support can be covered with a thin |ayer of titani

di B',euddfé"a@yn myyedyRgagesuyly be cariadioytatiettin SpBsREEsSf frfp fig o 220°C.
t ik parisUMEr Fbiasd ee2p0°d-Itid diefonalyi th 8dtlagressure, measured at the top of the

distillation apparatus, of from 2 to 30 bar absolute.

Useful apparatus for the distillation is apparatus customary for this purpose, as described, for
example, in Kirk-Othmer, Encyclopedia of Chemical Technology, 3rd Ed., Vol. 7, John Wiley &
Sons, New York, 1979, page 870-881, such as sieve tray columns, bubble-cap tray columns,
and columns having structured packing or random packing.
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coFByesgds i nclude TiCl4, zirconyl chloride al um num
nitrate and ceriumnitrate. Suitable supports 20 are
powders, extrudates or tablets of the oxides nentioned
t hensel ves or other stable oxigdgs such as silicon

di oxi de. The supports used nay Dbe macroporous to

I Tpe distdlatidneanhs sartiedxous iner plurdlity off saiph 29 2 o muWwngs, advantageously a
rgﬁggegwgﬁonlnixture (I'l) to obtain a mxture (111)
conprising caprolactam water, any liquid diluent,

hilgHehd)i wWaters fulnel Padhy dd ianliauid diteentrve remaveshfram mirure @i1) to obtain
IO thuB€ biHrSadtin pemzmﬂs.ﬁg SfFrdMcnt high bbilels 4N 10w BB S €S

known per se separation of nmaterials, such as
extraction or preferably distillation, or a conbination
ofwid@hiquig ﬁﬂﬁﬁﬁ&@&eerﬁ&eﬂ’ imesteghi ﬁthtérahdi ljuidndilyent can be removed in step

vant eou be arrl d out bot [.es of
BB B d R i oh BE rehtivaborfiE ot B B FRTE Bleh
custonmary to set a pressure, neasured at the top of the

(LjJIsTﬁ% Ftle@édd%gtﬁtgﬂaat;llﬁedf ?rﬂm‘?{ljxtﬁrre n? ganhr?ﬁ%@tg%% r@rpé\@h H{r Processes

I st atio arat us
C HBRVEYREF 99 f%r’ep@rﬁt@ Ffumaiesials, sugh ag %@Fﬁ'%e@ystq"@atlon@s preferably
eXRmtish, of Acdmmbinatiéh &1¥BEh prédResesl opedi a of Chemi cal
Technology, 3rd Ed., Vol. 7, John Wley & Sons, New
York, 1979, page 870 881, such as sieve tray colunns,
bu‘bbhvehllaﬁqm rhayaadvantdgenusty, be camigd odtlat baterritampergtuess ooy b@t 250°C,

it S;%‘Art{?:?lanrorﬁWB@g@%Ck' ng. PF 54059 11 The

ation can be carried out in a plurality of, such
as 2 or 3, colums, advantageously a single colunn I n

Stue,@fuﬁappam% dr lhéd&’dtﬂléﬁo@fs a?palﬁrbthycusm%trﬁfamhislpqmbgé dé besentied, for
are I‘ a

C ERiRG. Y S ohO EnfiPheia s Cohmien) TREMRIRGY AFLRE frat Teyetn Wiy &
arsons, dewhXork, 979, p&'ge\ﬂﬁ@-ﬂ&‘a suahqaswdzvej trhyeshimne dnibbleeap Blayegiumns,

L[&g%&ﬁ@y@hav Eﬁct@ébdqécklﬁ%orqatﬂio pking@n be removed in

si mut t aneously, ter - can be renoved
before or after the liquid diluent. The water and any

| 'F‘ﬁHi'cQarCBréfU@Hée i§ GOEA tFhxAtlintegritbd, Imultie@ge reindRalion the Aaler BR1 of any

processes 10 known per se for separation of
n§9%¥§5P@y such as extraction, crystallization or

preferably distillation, or a conbination of such

prB%Fo?ésfggtﬁrcﬂ J;Q?ruge ? roléc@a}nll g&@éte gY ﬂ?st ;foggﬂg r)émgﬁe igw (b;oﬂers or

carr omte er
i ighelers aPvantageasnta BOOrROPRYENI Bolkeesisd a@aﬁase&vw rerppve only

t *ir% 16N Bbiletd, B%rh&ﬁhrly advaRta 0%& WSrefmdd RUREYow 8Yilers Rbishigh boilers,
ose, escCri
ecially to remove the low %oders and the high boilers, from the crude caprolactam (IV).
When low boilers and high boilers are removed from the crude caprolactam, the low boilers can

be removed before, after or together with, more preferably before, the high boilers.

In the case of removal of the low boilers and high boilers or only high boilers or only low boilers,
the removal can in principle be effected by processes known per se for separation of materials,
such as extraction, crystallization or preferably distillation, or a combination of such processes.

The distillation may advantageously be carried out at bottom temperatures of from 50 to 250°C,
in particular from 100 to 230°C. It is customary to set a pressure, measured at the top of the
distillation apparatus, of from 1 to 500 mbar absolute, preferably from 5 to 100 mbar absolute.
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epp®abss in Kirk-OQ hmer, Encycl opedia of Chem ca

Technol ogy, 3rd Ed., Vol. 7, John Wley & Sons, New

York, 1979, page 870-881, such as sieve tray colums,

bubbl e-cap tray col umms, and | ums havi ng structured
packi ng or random packing. 20 Particular preference is
gUsetin apmardtesfor ihadstjlatdras appardtis cislageryf@ s pirpase, ashiescribed, for
wat er f [ h

C?xagléal Clgq(rll’gl o E{c&%eﬁta% EHJ%[JE&!I T?&'ﬁm&g}&l él%gEg nglglb? J%hn Wiley &
r Sonsy bew kabtﬁ?B e:rage 870-8815sush gh Slb‘@ tragcglumasl babhieaeapdiay cwﬁmns
" SRR kil LA pBKirg edrsandah? vant ageous to

renove only t 'ow bol | érs, particularly advantageous

to renove neither | ow boilers nor high boilers,

esRedisthbtlof fdr Perh@ANG\IR: 16VA BoileRVEah 8k bAFied aub atﬂneaun,r @hsuch as 2 or 3,
e caFroI actam (1V). Wen | ow

bB?l‘I”B?ssé%l"ﬁﬂta?}?°§HyBBWE‘%F%’“'H e renoved fromthe crude
Caiﬁﬂ‘ mktmattoalfnr rérhayirigdive High Hogers carebre calred oeinw edraityfobsech as 2 or 3,
e preferably before, the

é"ﬁ{’ b0| Jgﬁ%&éo@%{rf‘éfn%ﬁgolg@ge of renoval of the | ow

b0|Iers and high boilers or only high boilers or only

| @M BRibbifrsSin thid Mol BRRparGadlar 6-Bmitotapeontie. be ef f ect ed

by processes known per se for separation of materials,

such as extraction, crystallization or preferably

diasdordingad rerigveotionathe onrtie caprdlantanowhishupbfe@bly stegsdrom tB&tops of the

Thﬁh gb%{ lehlo@i oPRonT B b f"f\'%gt%' §AI|§ %@o%ﬁﬁd %n&b‘ém@ﬁcnd which

nperatures o I'n partrcul.ar
f hasa g pgmlz@g@ the poiling p@m\g@f@ﬁgp@ct@ra uggqr the dbs{tlgegsgrpj F@dmons of

”E@o%b'ﬂlﬁﬂt S stﬂj‘ﬁ) d)are fed tolski a) 8f SirstldisalationappaR@saiius, of
from Onbar absol ute, preferably from5 to 100

nmbar absol ute. PF 54059 12 Useful apparatus for the
d Uséfullinordaniracids whiolp bavataumiliogipding @bove theovoiiing peintef carosiactam under

I%i}bpg&lld!h?r%r fs@tﬁ@%h 31%2)16 od Ere%F‘%%anie sulfurlc acu7d phosphoric

oedao

J em t:w'¢ ec;vd &r theipapidic 93itgy syelt 38 alked mYa' ﬁa@'bmsf?blf%i""eé’-a%me‘a'
a§al§.' S\HRxtlled¥f sueh BdiaSand l%HI&bbr@feEébE the #yes@PingirmBeuresand

h t t d
ATy SSTP e GING e A" PR B P kg metal, earth
C artetdl erchliclite éanth aneatd| saltalor thir oxtures, mipadisul@ phpsBpric acid, can be used.

C%%@l\%l’df 8 yc?cﬁkt %ﬂ?@éﬁ%&ﬁs@d flﬁ[]l@lf&rrﬁd?bm |xtu-|rm|th a Ilk?md diluent, such as

renovi ng e hi ers can
camtered out in a plurality of, such as 2 or 3,
col uims, advantageously a single colum. 10 The | ow
baoilers in this renpval 9 II’}JJarti
canbefe

6 Céqﬂer;aeralﬁptawlapp fr\oganlc aci s‘,epara‘t:eﬂfI tca> {he first distiflation apparatus C1

or preferably mixed before being fed to the first distillation apparatus C1 and fed to this
distillation apparatus as a mixture.

The amount of inorganic acid may advantageously be set in such a way that the content of free
acid, which can be determined by titration, in the bottom region of the first distillation apparatus
C1 is in the range from 0.1 to 5% by weight, in particular from 0.5 to 3% by weight, based on the

overall mixture present in this bottom region,

Useful apparatus for the first distillation apparatus includes apparatus customary for this
purpose, as described, for example, in Kirk-Othmer, Encyclopedia of Chemical Technology, 3rd
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ApFE4dsDg to the invention, the crude caprol actam which
preferably stens fromthe tops of the high boiler
renoval or fromthe bottons of the | ow boiler renoval
and an inorganic acid which 15,has a boiling point
above the boiling point of cap? | act am under the
diest, bl AtlbenWiersdSérisoNey Bbrk, 1906 pageI8TiL88d1 Rps adgieveay columns,
ar ed t I L stidl at: .
gy BB i ouhrist iy ShBkisns Bl ARG B e
above the b0|I|ng poi nt of caprolactam under the
divh bl%ﬂnll@ﬁdn‘?:ﬁn S?&Qh | QAR aoalurawooﬁeémemz értseeaurms s&aaf)ageouswa
are, for exa uric acid, phosphoric 20 acid
béngle caléMB, or their acidic salts, such as al kal i
netal, earth netal or alkaline earth netal salts, or

i Xt ures nd s preferably the acjds
oA Pl ety P SO s AL B Ry A YR Rpeush Wve rom
p o3 pthenretEalontdtel, mrpaiticdardomd © 26didpmeticd plates.as al kal i
netal, earth netal or alkaline earth netal salts or
their mxtures, in particular phosphoric acid, can be _
udredlprefeTpe gmbegimens, code sapraipeta AM eandgrintisduqgd &the PP the distillation
ngﬁgrg[,an a mxture with a liquid diluent, such as 25

Crude caprol actam and i norganic aC|d can be fed
separately to the first distillation apparatus Cl1 or
prreftey Bibing cridx esprdiadtam endige ingrgbticadidark igtifed irsthe first distillation
disélllﬁéﬁon apparatus Cl and fed to this distillation
aﬁB as a mxture, 30 The anmount of inorganic acid
may advant ageously be set in such a way that the
C%F fRldistifatibd, %@nona@h?erams%haﬁ@eﬁt PReclat pdrituRest 1€hst 140°C, have
tration, 1 n tom region of the first

dlpé‘t"l"-'l‘ P%P@Qﬁ"&ﬁ:par atus Cl is in the range from0.1 to
5 %obtyis\Rkilgibn, botfonpiefrperatukesiof trnasst PROBC tpoefEblp gt rovesit BOCC, in

based .on.th sent in this bottom
3 Slgﬂaraéglo%élg&ﬁagégrgp%ﬁ rﬁa(#%{f he first distillation
a;fpaimmg@. the otefatied peespiae alkthastor olthefiralrdjstifiasien eppiagatus C1is at least

p%mﬁln@a?t:cqr‘é?&ﬁéa?ﬁbméﬁr exanpl e, in Kirk-Qhner,
Encycl opedi a of Chem cal TeChn()l'Nge//v?t 3rd PF 54059

EdY hewﬂre thye prefgmed RFIsH(R a&thséq%oft %pll@honﬁgpg’at% géés at most
87Q0 MBdr, ingaftibulasat Fosv@0Imbay col ums,  bubbl e-cap tray

col umms, and col ums havi ng structured packi ng or

random packing. The distillation can be carried out in

a Ipthisrdistiilation, @ffirst sulstreans inZheppottam regitn And &, seenid snbsirgan insthe top

2 redhordr DR Phoithe MiRflof Bipadhusicil | ati on appar atus

used Is a colum, this colum may advantageously have
froml to 30_theoret|cal plates, in particular fromb5
t Ornd @plinewsigd bfeiRd twb lsatisiBamsliar tha pérfgamericerof e peitadicearding to the

f ﬁlgvegtfogu? gl E%ﬁ‘?‘i%ﬁﬁﬂeﬁ 'b}’% fe%agmag pri'eﬁhrngg%g&e%megtst he top of

Advantageously, a portion of the first substream from step b) can be mixed in step a) with the

crude caprolactam.

The optimum size of the proportion of this first substream mixed with the crude caprolactam for
the performance of the process according to the invention may be determined by a few simple

preliminary experiments.
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appaugteis Cl. In step b), the crude caprol actam and the
inorganic acid are distilled in the first distillation
apparatus Cl. 15 For this distillation, bottom
tenperatures of at |east 120C, Jn particul ar at | east

140C, have proven advant ageou1s. For this distillation,
batdomimgtte oixenatians etade hitretto NeDwdigh? ZICof gaidafrégoatioh f 1Bé sumBéam to

200 [ [ r t e. pr . . .
-alvss sl rsf e f kR RSlen i URBAR, PORAR, duaqp it s
t brepartign ob thetshiestiepmdo crddestaptdiagtamorf abppsi OSthas pYen advantageous.

| east 10 nbar, in particular at |east 40 nbar.
Fut hernore, the greferred pressure at the top of the

f Inrsip chitiag Secongt sugsireaptRMsstersb (ufed & agecorskdistiiation appgeatus C2.
id!Jse{?@lﬁ'—_uFﬁJat’r‘ﬁthﬁfor b fséﬁbﬁa di%@lgtidﬁta@barat_a5inblEdésLﬂpﬁaratus customary for this

| STI a on I rst su Ir m i t tt regl-on
A PHIPOFe BRI R RS Entygbpaie of SheERL Faaoloay. 3rd
f EdnVdl e JahinsWildy|3a8dne rNespyak, A8 TS pade. 870188 1,Gpth amahve itragcadmns,

T e T e

sinple prelimnary experinents. 30 Advantageously, a

PP digtilatRh chibe ddricdiloutiH Bl B 'sUHBsH 4B, QluntiRNadvBntageously a
mxed in step a) wth the crude caprolactam The
opf9%ERINY- ze of the proportion of this first substream

m xed with the crude caprolactamfor 35 the

perfo n : r.ai , ' '
BB Bl AR RSB el ) SR sy e
ekere Bitedhtheoretioal piates O praiculaLftant BioRy theoredpa @latest | ons

made hitherto, a weight ratio of said proportion of the

substreamto crude caprolactam of at |east 0 has
o TR Serpa e L Sgep) © Geed Qe atrgiedfighaperatus 02
proportion of the substreamto crude caprol actam of at

8l 88 A S o S e o
divighin 8 Wigieirange zaiperaha bsttan temperatire pf abpy2PRTC AN RPPttem kemperature of

S QRN BEE ke ddvaHidgeBusappar at us i ncl udes appar at us
customary for thi's purpose, as described, for exanple,

in Kirk-O hnmer, Encycl opedia of Chem cal Technol ogy,
3ncthis Hidtiliatiod0h firs¥ subdtedam itHechpttdin fgivs andNewecdod kybst&aiin the top
page 870-881. .suc .Sl ey ol ums, bubbl e-cap

t ray " &6 rﬁ"r?ﬁ‘é%d fgrrpdt %@?tﬂ%@qﬁ %/rlgtﬁécg't ructured packi ng or
random packi ng.

The optimum size of the two substreams for the performance of the process according to the

invention can be easily determined by a few simple preliminary experiments.

In an advantageous embodiment, the second substream from step d) can be recycled
completely or partly, preferably completely between step 3) and step a), especially in the event
of removal of the low boilers between these two steps, before the removal of the low boilers.

In step e), the first substream from step e) is fed to a third distillation apparatus C3.

Useful apparatus for the third distillation apparatus includes apparatus customary for this
purpose, as described, for example, in Kirk-Othmer, Encyclopedia of Chemical Technology, 3rd
Ed., Vol. 7, John Wiley & Sons, New York, 1979, page 870-881, such as sieve tray columns,
bubble-cap tray columns, and columns having structured packing or random packing.
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1(pFTegpsdi stillation can be carried out in a plurality
of, such as 2 or 3, columms, advantageously a single
colum. When the second distillation apparatus used is
a colum, this colum may advaq ageously have 15 from
3 to 30 theoretical plates, in éarticular from5 to 20
theoretical plates. In step d), the second substream

£ 3Rl erkdon o Bl bt B v B REREr Fushbivhy iaRgeousy

bainglercoluenper at ure and pressure can be sel ected 20

within a wi de range, although a bottom tenperature of

about 200C and a bottom tenperature of about 190C are
adVaafteg)bisd, distillptipniapparatys ysed|ig 1eqiusmn, BYS qolurgyMay agvantaggpysly have
| frob®etoROtHeRFBLESR BlafeB, iR PaHiculad 86 Bdo S0HASEERAMIAEs. t he top
region are renoved fromthe distillation apparatus C2.

25 The optimum si ze of the two substreans for the

per step fyethe secofhd $ubstrganmofoems stegd)dodidilladjinttioe thinkdistillative mppapatus C3.
can be easily determned by a few sinple prelimnary
experinments. In an advant ageous enbodi nent, the second

s (Asserdingito dbsemMatiopemady hitberte, bettom:tgesraturesmd eeaspure indhiy diglillation
p%éy‘ b\é se@ét@&i ﬁﬁrﬁrbé ¥ide %Hale ed‘ttﬁédgh E%&@ﬁt&nﬁab%ﬁ;r&éf a@&@l 2§@°@thd a

, eci al in th of renoval
b(ﬂ°F‘%‘P ”!P@fa(% Hfﬂbﬂggoﬁ/@feé?véﬂtége%éf ore the rermval of

the low boilers. In step e), the first substreamfrom

Stll? Eu c} sélllastlonl; %q’lrét g?&tf&%}h {n%%bdi'%hg'lei}éﬂ ﬁa ﬁ%grc%rglﬁctgﬁ |n tﬁé formofa

ar'at us I 'on appara
[ ﬁGFWéQbﬁpﬁfaﬂ@ha @péwmrewoweﬁ franmthe d'SHlﬁf'Mam&@ C3
descri bed, for exanple, in Kirk-Qhmer, Encycl opedl a of
Chemi cal Technol 0 E Vol. 7, John Wle
Sohe OPHRH g7 & th @%@“%’5@@5 g?@‘*@%’i"“@% ?5‘9 pé‘%“%ﬁ?é“’?‘?@% to the
C Ohvightivh,can basipbedatarmiriet ay a ¢zl simple pretimidarg ekpenmentsavi ng

S G REbrRAGH Al HABIE TWRRAISHAS yR7euDAR58 ol e tor

I'on can be carrred ou
ageglorgp g subsitegmremoved irathe Bejtoouregion of at @ﬂﬁ@li*eha@ playemadvantageous;

WisdtedvRE atWaighthafll S¥itnd JuBdicam rBRBRL] He td:ﬁ@g%d t§ th@ sGQJtﬂéH?ﬂ removed
this colum may advant ageously have from 3

tH’éB‘P@P‘i’t%TGQBPafaé@"SI w0 Rr?‘t?ﬂlag‘fa"FB%?Hss to 20
theoret| cal plates. In step f), the second substream

| R ED By S ot B DBl | by opary
hi ptrefenabln corhrietelpried te thedirst distilatiomapppretis Siir lp an advantageous embodiment,
di tﬁ& birdat dah 'Be ifioYucas R ﬁ‘:?to?ﬂe WishilBlidh ppdals change,

al though a bottom tenperature of about 200C and a
bottom t enperature of about 190C are advant ageous.
In a particularly preferred embodiment, the pressure in one, two or three of the distillation

apparatus C1, C2, C3 may be at least 40 mbar, in particular at least 100 mbar.

It was surprising that the invention succeeds in distillatively converting crude caprolactam,
merely with the addition of mineral acids, to caprolactam which has the high purity required in
accordance with the specification for fiber production. According to US-A-5496941, this requires
catalytic hydrogenation under pressure, treatment with acids and treatment with bases.

Example
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15

20

| prtaypsgdi stillation, a first substreamin the bottom
region and purified caprol actamin the formof a 15
second substreamin the top region are renoved fromthe
distillation apparatus C3. The1gpti mum si ze of the two
substreans for the performance’®f the process according

t Qow b@lersl werentibigieriead Gamid d‘ud@%a s#eraaﬁ:m stredh Bdwrto h@¥éidual content

[ im er Accordin
o BB Shre R SERRB . P petegners SRy caprolaciam
subxamedewerheedmved in the top 20 region to the
substreamrenoved in the bottomregion of at |east 0.3
has proven advant ageous; noreover, a weight ratio of
t B2 kahpiihe lowrand bigh veilgr-free ¢rude qaewlapegn veftie passedhicom a vessel V1 to the

Supsbdispdnalcelipved. in the bottomregion of at nost 2. O
has praoved advantageous. According to the invention, i

sF@kH”‘Q)m wasorerpled ply @Bgf‘%sﬂﬁ?ﬁffﬁodmaé?&ﬁ P‘i“"FQ%B?%‘F’&%HP C.
06.2[k@/htveye rerfoved d BE 8bttoyn 6FeMA 0] of whicad.2ti@/htvee dibdhatged and

ti|lation s ClL. In an advant ageous
&8 4hr{§?¥f;|9d 'nﬁcﬁ'{% Z%’ ‘'eam can be introduced to the top

ofSuﬁ“hentdqmetw‘a HsRQ.ovas appaedintosheCbitorh of colynar € 1 that tbe toptent of free
p% % enbodi nent, the pressure in one, two or three

e dlstlllatlon apparatus Cl, C2, C3_mmy be at
| dbetor Fkepfhefcolump G ayasipasaed intg:3 sqcapdeouM LCbar . 30 It

\A@Sluﬁ!Hrerﬂrailoﬁga{ebataiob@rdsﬁ)t@ﬂﬁﬂOOﬁba‘BUCCeedS in

o B MO A B G 2001 B A B o
woaprtladias wasiebtéingsh purity required in accordance with
t e ﬁ&e%%kesﬁ%m%fu% d2 R} agyee%lfﬁlb BShoHﬁgg.Sﬁ 9 d\Byunfh C3.

US- A- 54 this requi re cat ogenat 1 on
uﬁﬂ@ﬁ"&aéﬁﬁpéfateﬁﬁ%l%@fﬂ“%?ﬁ%&@a&s and treatment with

basceﬁgfh wére sVl ¢ia iife toftéth Qndﬁcyde@\ﬁht@lﬂie|t<?fr§g|&\féf%olum3 C1.
renpve oma Cru actam stream aown
t 802 Part Ve bt we B et o R o o - A

Subsequently, hi gh boilers were renoved and the

e RoBRIA e ArEEsR N R ceftrfined & Dol - {eea T om

a vessel V1 to the top region of a colum Cl. Col umm

GPrapdfy OPET at €] Aalyflcdi MBthBE ESSUT € OT [ RakhstifetenfNd] Specification
ttomtenperativre of 170C 5.2-kg/h were renpved via
t|§8%o0t t om of cPPAASEL, of which O. PR h were |<0.05
Cmféhmrﬂﬁel and ISO(M@/ h recycled Inig@3sgessel V1j<d0
Sufficient aguebus was—meter edHnt-o—t-he—bolt-om-of
JOPTmARgRAte iRdRx 1RO B@E%t ent of free #tPH was 1 %°
Free acids acidimetric titration of an 0.024 meg/kg <0.05 meq/kg
aqueous caprolactam solution
against Tashiro indicator
Volatile bases {SO 8661 0.252 meqg/kg < 0.4 mea/kg

The specification relates to commercially available caprolactam.
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Theer $4uxat akeof f of colum Cl was passed into a second
colum C2. Columm C2 was operated at a top pressure of
50 nbar. 5.0 kg/h were renoved Wia the top of colum C2
and fed to workup in which the crude 15 caprol actam
\A@@eg%pnai ned. The bottom takeoff fromcolum C2 was
passed 1nto the bottomregi on of a colunmm C3. Col umm
C3 was operated at a top pressure of 50 nbar. 100 kg/h

wer e m&éeﬁfovb@irﬁmrmtcbgmaaaﬁ wWhhas B&bnicBlael B t OP
region of colum Cl. 79.75 kg/h of pure caprol actam
were renoved overhead. 20 The properties of the in pure

capr ol1act asnvesinga eheties (1j cvaghrisisg 6-aininoyapronitrile and water to a mixture (11)

PropertyAn ' , ification. .
P01 50 7BanlsG R AR AN, SRRE hRRES I SR dypBbiers n he
Per manganateserca¢bx ¢&dys8a802. 51< 4 acidimetric titration
of an Free aci dsaqueous caprol actam sol ution 0.024

meq/ kg<0. 05 neq/ kg agai nst. Tashiro indicator Volatile
bases P50 SEYPI ATMORRGPRgRixigre4l e gpiRly aTHEUSAHLEIMREENY on
rel at es t gaps6180¥E Giatdr] Hightbodrk akd 1IBw BaiRFOIRREt am  PF 54059
17 W claim 1. A process for purifying crude

capr ol act am whi ch has been obtained by 5 1) converting
a m xt3yr e cgrhpietelp npparttyi rergovirgawater drosopnigtniet(H1) toebtamcrudetcaprolactam

a_m XChir ¢ o o oo
wat or i G ssmeigne CRREaE, AR SRI A Ae RO Rre of

a catalyst, then 2) renoving ammonia fromm xture (I11)

t o obt4pi Nnwdichtorhptses (111) conprising 10 caprol actam

wat er, high boilers and |ow boilers, then 3) conpletely

or partly renoving water fromm xture (l11) to obtain
crude caprpl adaeding thelckide caprplaéta agd sraipergirac acchwhitti s a boiling

boilers and | ‘BanBLeetﬁé boiling point of caprolactam under the distillation conditions
of the following steps b) to h) to a first distillation apparatus C1,

by distilling the crude caprolactam and the inorganic acid in the first distillation
apparatus C1, and removing a first substream in the bottom region and a
second substream in the top region of the distillation apparatus C1,

c}  feeding the second substream from step b) to a second distillation apparatus
Cz,

d) distilling the second substream from step b} in the second distillation
apparatus C2, and removing a first substream in the bottom region and a
second substream in the top region of the distillation apparatus C2,

e}  feeding the first substream from step d) to a third distillation apparatus C3,

f) distilling the first substream from d) in the third distillation apparatus C3, and
removing a first substream in the bottom region and purified caprolactam in

the top region of distillation apparatus C3, and

g) feeding the first substream from step f) to the first distillation apparatus C1.
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1PF4540808i ch conprises 20 a) feeding the crude

caprol actam and an i norganic acid which has a boiling

poi nt above the boiling point of caprolactam under the
distillation conditions of thgsfollowi ng steps b) to

h) to a first distillation apparatus Cl, b) distilling

t Be cAydEesaay ddimed amiagmd, wHeesin mitugsa(hi additariatly comptikes an organic
first iu@.l|§5|fuenj1tat' on apparatus Cl, and renoving a first
substreamin the bottomregion and a second substream

in the top region of the distillation apparatus Cl, 25

ck. f eadiri@sd 5@5’«%@%%%?&%%& ﬁd?ﬁi :ﬁiﬁﬁ'@lst&mév‘éd% step3 before,
second distillation apparatus C2, d) distil g

t he séﬂfﬁﬁd”éﬁﬂiérterré'éﬂ‘ﬁ ?fdfﬂt%tﬂ%‘ "B)“”'erﬁ”'i he second
distillation apparatus C2, and rermw ng a first

S bstreamlntrﬂe (gtom Eﬂﬂgo{] ecodsubs g high

i i t & HEEST BRSO Phe ™St 1 1o at”l‘%f n 1% aolkrs g f€£§°"e e

f eedi hgilersare famayed sruds beilesrand hghb@lespardyentomedabdt\heandtep 3) and step
dlstll$at|on apparatus C3, f) distilling the first
substreamfrom d) inthe third distillation apparatus

C3, and renoving a first substreamin the bottom

r @9i O RetdsPa diditnEdlinCRPK 8] vt irktTow BdNErs bAPheR Big® Boilfs are
distill atlgn apparatus C3, and g) feeding the first

subst FEXfrom step f) to the first distillation
apparatus Cl. PF 54059 18 2. A process as clained in

Clﬁa' Ma (]:p %@E@é?&ﬁg@? ?ﬁtcHTn% é#é @grglntd %%éa¥roﬁn9@§ de%?c%e@ﬁs alow

organi rocess
clalnﬁgkfmhereln the I|qU|d dlluent is renoved in step
3), before, 5 during or after the renoval of water

frrommxture (111 ocC a nmed of .
Ci7ad e PYOGRES 3 Sk i oy PhstA o Sheren TIERROGATE B R
boi | epbospheicragidoved or | ow boi | ers and high boilers are
renoved between step 3) and step a). 10 5. A process

as clainmed in claim4, wherein first |ow boilers and
t Ben pﬁmpe%aq daimeginany of claims 1 to 7, wherein the weight ratio of the substream

removed in the top region to the substream removed in the bottom region in step f) is in
the range from 0.3 and 2.0.

9. A process as claimed in any of claims 1 to 8, wherein at least a portion of the first
substream obtained in step b) is mixed with the crude caprolactam according to the
preamble.

10. A process as claimed in claim 9, wherein the weight ratio of the substream mixed with the

crude caprolactam to crude caprolactam is in the range from 0.01 to 0.3.

11. A process as claimed in any of claims 1 to 10, wherein at least a portion of the second
substream obtained in step d) is recycled in step 3) before the low boilers are removed.

12. A process as claimed in any of claims 1 to 11, wherein the bottom temperature in the
distillation apparatus C1 is in the range from 120 to 200°C.

13. A process as claimed in any of claims 1 to 12, wherein the pressure in one, two or three of
distillation apparatus C1, C2, C3 is at least 40 bar, measured in the top region/bottom




rppeMeg9 6. A process as clainmed in claim4 or 5,
wherei n 6-am nocapronitrile is renoved as a low 15
boiler. 7. A process as claimed in any of clains |I to
6, wherein the inorganic acid ﬁied is phosphoric acid.
20 8. A process as clained in dhy of clains 1 to 7,

wher etgdiohhe wei ght ratio of the substream renoved in
the top region to the substreamrenoved in the bottom
region in step f) isin the range from0.3 and 2.0. 9.
Alfr obessesssasclaimetdt amrof glainsolf to d B.ayheesinithe ErsBsubsireemdiom step f) is
at | eﬁﬁﬁ&%?e@&rtﬁé tgﬁ]oﬂﬁe Elglfﬂatfo'nraﬁﬁaratgéc§l"b3t ream obt ai ned
in step I's m xed he crude caprol actam
according to the preanble 10. A process as clained in
claim9, wherein the weight ratio of the substream

m xed with the crude caprolactamto crude caprol actam
is in the range fromO0.01 to 0.3. 30 11. A process as
claimed in any of clains 1 to 10, wherein at least a
portion of the second substreamobtained in step d) is
recycled in step 3) before the |low boilers are renoved.
12. A process as claimed in any of clainms 1 to 11,
wherein the bottomtenperature in the 35 distillation
apparatus Cl is in the range from 120 to 200C. 13. A
process as clained in any of clains 1 to 12, wherein
the pressure in one, two or three of distillation
apparatus Cl, C2, C3 is at |east 40 bar, neasured in
the top regi on/bottom PF 54059 19 region. 14. A process
as clainmed in any of clains 1 to 13, wherein the first
substreamfromstep f) is introduced at the top of the
distillation apparatus Cl.




