.2 7 OCT 2006 Preparation of caprol actam The present invention relates to a
process for the preparation of caprolactam wherein 5 a) a mxtureZ(IBEHUUL
cont ai ni ng 6-am nocapronitrile ("ACN') and water is reacted in the gas
phase, in the presence of a catalyst, to give a mxture (lI1) containing
caprol actam ammonia, water, high- 10 boiling conponents and | ow boiling
conmponents, b) ammni a i then removed fromthe mxture (I1) to give a
mxture (I PREREG R CARTALRTERR  water, -high-boiling conmponents and.
| ow-boi ling, 15 corrponents C© 20 water is then renmoved fromthe m xture

(rrr)y to amxt cont ai ni ng caprolactam high-_boiling
corrponentsq%‘ﬁd PB&FBB V%%Frb‘aﬁen’f% ag‘ﬁﬁ d}° adsoPFACEFF CcERH aitiieng

capr ol act apme@atrla@ionofmtfalda@d:cﬂrahﬂénhe whectaire (1V) by crystallization,
t he prog)ortlon by wei ght of caprolactamin the solid (V) being greater
than in"the mxture (1V). 25 Processes for the preparation of caprolactam

are general)ly knowmixtures alBp geﬂﬁ{tﬁlmf@omrafrﬁho%égf@h@tfr&‘i@

Ulmnn's 30 Eng ed| of I ndustri al str Vol . A5, VCH
Ver | agsgesel | sc a%@‘p iThetm ¢8erM@m- %m é/he p%@fésphés% igr

Ki rk- Ot hmer, Enthel @meeklealc@‘ e @aialirsﬁhnﬁbOgyve4hhmE§ttur¥ol(II4 John

Wl ey & Sons, 1992 t hat caprol act am used . for the 35
preparation of NSW %eg%lslhﬁustc%%vég% gﬁfﬁ tyag'fm@@‘ag t ¥39F 949018Re nai n

i mpur i kY convenbp@ﬂaanDbempngle:mseranm low-boiling components,

b) ammonia is then removed from the mixture (II}) to
give a mixture (ITII) containing caprolactam,
water, -high-boiling combonents and low-boiling.

15 components,

c) water is then removed from the mixture (III) to
give a mixture (IV) containing capreolactam, high-

boiling components and low-boiling components, and

20
d) a solid {V) containing caprolactam is then
obtained from the mixture (IV) by crystallization,
the proportion by weight of caprolactam in ﬁhe
solid (V) being greater than in the mixture (IV).
25

Processes for the preparation of caprolactam are
generally known.

It is also generally known, for example from Uilmann's
30 Encyclopedia of Industrial Chemistry, S5th Ed., Vol. A5,
VCH Verlagsgesellschaft mbH, Weinheim (Germany), 1986,
pages 46-48, or Kirk-Othmer, Encyclopedia of Chemical
Technology, 4th Ed., Vol. 4, John Wiley & Sons, New
York, 1992, page 836, that caprolactam used for the
35 preparation of polymers must have a purity of 99.9 to
99.594%, the main impurity conventionally being water in
an amount of 0.04 to 0.1%. Other impurities must only

be present in an amount of at most a few ppm.



an anmount of 0.04 to 0.1% Qher inpurities nmust only be present in_an
anount of at nmost a few ppm 2 7 O CT 2004 2 Thus caprol actam can bé 0CT 2004
prepared by a Beckmann rearrangenent of cycl ohexanone oxime with sulfuric
acid or oleum After neutralization of the resulting mxture wth
amoni a, the caprol actam can be obtaingd fromthe 5 anmmoni um sul fate forned
as a by-preoduct b X ction wth.an organic solvent. Depending on the
processes ?gF%thgﬁgﬁééééﬁ?%n SPqﬂmPeedB FEGEEd t pr@paﬁ@%ﬁﬂg%n .
cycl ohexanoee reringemesirc o fa s yidll alyetaiexanoremandi hiid satfhaiaoricim sul f at e
and on the__oxi | O rear ement conditjions, the.crude _caprolactam
obt ai ned b?raé%ecﬁﬁa%ﬁﬂ%g%fyﬁﬂégﬁgh%at%%%t%?nghaiFF&PBﬁﬁnﬁyHB§t§ﬁ% anount s
of inpuritwésh ampmindal, itiparcépeslantanudancdps oblack ivedr épamedhly a 15
Beckmann - - ang e:C hyl capr gl act ) - met hyl val er ol act am
and n- ;r)g(;nt 3@?@%2‘% e. nJ§7a"?é| oﬁé:rgrggceassseg %P’g% eg@lﬁ%e f §FERE AP fi cati on
of crude waphokacrxgrobraispddemyr.a Beckmann rearrangenent. 20 According to
DE- A- 3. 253716, the crude caprolactamcan be purified by hydrogenation in
suspension, in the presence of a catalyst and with the addition of an

aci d. 25 ABepeudaggt ®rDEthe 12387 e6sashefar utlbec uapeattamrcant behepuri fi ed
by hydrogegalPl LBeSUSRERHHhrd Nl epce al and with the
addi tion o? a base.eSO DD?%%gggéS J%£c$¥{zgﬁa.pr%£%s§x¥%%’tﬁggﬁu$gfication
of crifde e¥pieharaBRNEN A ddrexylammorbyrobadtane s arfd ren dhetil | ed

and then dpgSRh¥eEni N 3 OF BEREFangOhyeR! . YdNeaenal ed it hg grgsence of

a catalyst and )
caprolactam obtained by a Beckmann rearrangement

contains different types and amounts of impurities.

Typical impurities in crude caprolactam prepared by a
15 Beckmann - rearrangement are C-methylcaprolactams,

6-methylvaleroclactam and n-pentylacetamide.

Various processes are described for the purification of
crude caprolactam obtained by a Beckmann rearrangement.

20
According to DE-A-1253716, the crude caprolactam can be
purified by hydrogenation in  suspension, in the
presence of a catalyst and with the addition of an
acid.

25

According to DE-A-1253716, the crude caprolactam can be
purified by hydrogenation . in suspension, in the
presence of a catalyst and with the addition of a base.

30 DD-A-75083 describes a process for the purification of
crude caprolactam in which the crude caprolactam is
first distilled and then dissolved in an organic
solvent, hydrogenated in the presence of a catalyst and
then treated with an ion exchanger.

35
According to EP-A-411455, the important characteristic

quality features of caprolactam can be preserved by



‘then treated with an ion exchanger. 35 According to EP-A-411455, th

I nportant characteristic quality features of caprol actam can be przgeﬂrf\fézﬂm
by 2 7 OCT 2004 3 hydrogenating the crude caprol actamcontinuously in a

| i qui d phase process. Crude caprol actam obt ai ned by the hydrofornyl ation of
5 3-pentenocic acid and/or its esters t@ give 5-fornyl valeric acid (esters)

as main prq.g%:{.ﬁt - a 3 | val erni | d ters S hy-products,

separation O tcfﬁs {t'ﬁle%e?ggr a%%\g&é%yfc\é?)nr%l\?g:ltgdﬁ Ccé‘%?anu?égﬁgrsx b?/

extracti on Y2 an gy /orpps)precesstill ati on 10 (WO 97/06126), am nati ng

hydr ogenati on of 5-fornylvaleric acid (esters) to 6-am nocaproic acid

(esters) and/or 6-am nocaproic acid amde, and cyclization of

6- ani nocapr@iudeacFaproflastams)okfra imed mboctpe ohydacifdrayilde iocomfi ns

ot her typi | P UKL es st S . A5 0am 3867,

Exanpl eyl, %?Jc?enct}je;?lsdtlgl ?E%Hcr%%%—h%lgprlcﬁéacfggngggt g?c?\egg%rgor%?%éﬁngl -

val eri ¢ aciVilefti& s acickorl@st@nsd Wasogrme1o63prrelanpse 20d9, 44 r andr xt ur es

of 6-am nocAF I, 186 1br & am r oi -dyam dgc.and yqor. J%Scﬂ&g:dé ng

ol igoners, by the addit ilg:n _o?%%%%)/o byq\?/esi%%%tg)of vvg?er. hiés crude’

capr ol act alf€R&Ghiqkhi eh EhéR- bdhask) drvanehedoifiormy lyadgsientasivkre not

separ at ed hefs¥ed0r Ybi,al dxZpdéOlon COMH® B89 08348 )PPAY 0fqidxi11ation ,

N net hmécapr | acta %ga %gm of 5-nmet h¥l,val erolactam 78 ppm of val eram de

and ot her i(r'P%lJriti 70%4e%dpude  2RIRBFABTam wakBRFPREERAWESN hormoGni zed at

50C and t hen foragiledlleriddCaciide ¢epseaks WabChe EBIhGESBESLL OWciwer e

filtered of(f nd vyashed ) to 3 tines wth aqueous .3&) caEBg,oA actam The

5- met hyl val ‘€01 ¢t am VAl er amigenecaprol aci ide, and
cyclization of g-aminocaproic acid . (esters) or

é-aminocaproic acid amide, . contains other typical

15 impurities.

Thus it is known e.g. from WO 99/48867, Example 1, to
crystallize crude caprolactam obtained from 5-formyl-
valeric acid esters, according to WO 98/37063, Example
20 9, from mixtures of 6-aminocaproic acid, 6-aminocaproic
acid amide and corresponding oligomers, by the addition
of 10% by weight of water. This crude caprolactam, from
which high-beiling and low-boiling components were not
separated before crystallization, contained 6345 ppm of
25 N-methylcaprolactam, 100 ppm of S-methylvalerolactam,
78 ppm of valeramide and other impurities. The crude
caprolactam/water melt was homogenized at 50°C and then
cooled to 30°C. The crystals which precipitated out were
filtered off and washed 2 to 3 times with -aqueous
30 caprolactam. The 5S-methylvalercolactam and valeramide
contents were reduced to 1 ppm and the N-
methylcaprolactam content to 51 ppm. 33.7 g of pure
lactam were obtained from 73.6 g of c¢rude lactam
{caprolactam yield: 45.8%). The characteristic of the
35 volatile bases (VB) was only achieved by a second
crystallization. If high-boiling and low-boiling
components were separated from the crude caprolactam
before crystallization, according to WO 99/48867,



contents were reduced to 1 ppmand the N- nethyl caprol act am cont ent in? U%Jf 200,
ppm 33.7 g of pure lactamwere obtained from73.6 g of crude | acta -
(caprolactamyield: 45.8% . The characteristic of the 35 volatile bases

(VB) was only achieved by a second crystallization. If high-boiling and

| ow-boi ling conmponents were separated4fromthe crude caprol actam before

crystallizatj ccordipng 8 004 A . Exanple 3, the
caprol act a%'t)éf?@il(?aaf't eghgr %a%a%ag%éﬁngzﬁéé éf%egrt&llgs aufrhllhze%(tlzcﬁbm from
WO 99/ 6587%¥asel5@&-i vely to 5 adsorb caprolactam from mi xtures with

4-et hyl -2 pyrrolidone, 5-mnethyl-2-piperidone, 3-ethyl-2- pyrrolidone and

3- et hyl - 2- pi peri done or octahydro- phenazine on adsorbents |ike activated

carbon, nmdltectparfuitdiers dnoxep| frem tWP gi99d oBiBgRI yspleetivetnprtal act am

arter deSObplsdh, ToaSrSeRAtakl ONefbn CHALALAEAM GaEnbe JOldhpuad by
crystallization_ fromthe nelt or crystallization froma solvent.” It is
further kn®WFredigeney, by SyatdiMi-Zamimeridonerude cdpredihadt-@m whi ch,
starting fpoWr81atione CaH®Ni LhbenyiSaiplsbrhydnal y | _to

6- am nocaproi ¢ acid, according to V\% 98/%7%65, cl ai mE)eS[\fj \M\%&g and ammoni a

formed by RPGNGRyEEs aP® t héWsxkpta ed 16t  t RetVahashcaegibonaci d
formed is 2B1ereliazed srddde &F udgesBpeosactam ghtai ngdqghly Crsleal | i zed
accordjng to WD.99/ 48867. Cagrolglct am can al so_he obtai ned ,%,y reacting ACN
with t eF3PACLRE *RMqui AE pRbse, IFFP TR I eselBéSor SBRAREOD5 Gf a

catal yst, vapholhetael ease Ind¥ £aTDowed by addsthdNikatreanr Graat @Me Water,

anmoni a ang,) gp0Ra ¢ NS ] Wi o | ¢8land e i xt ur e obtal ned

It is further known to purify, by cfystallization,,

15 crude caprolactam which, starting from 6-amino-
capronitrile, is first hydrolyzed with water to
6-aminocaproic acid, according to WO 98/37063, claim 8.
Water and ammonia formed by hydrolysis are then
separated off, the 6-aminocaproic acid formed is

20 c¢yclized and the crude <caprolactam obtained 1is
crystallized according to WO 99/48867.

Caprolactam can also be obtained by reacting ACN with
water in the ligquid phase, in the presence or absence
25 of a catalyst, with the release of ammonia.

In addition to caprolactam, water, ammonia and
optionally another liquid diluent, the mixture obtained
in this reaction contains impurities boiling above
30 caprolactam (“*high-boiling components”) and impurities

boiling below caprolactam (“low-boiling components”).

It is known from the Example in US-A-4%6,941 that,
after the separation of water, solvent, ammonia, low-

35 Dboiling component and high-boiling component from a
mixture obtained by reacting ACN with water and
solvent, a crude caprolactam is obtained with a purity
of 99.5%.



-in this reaction contains inpurities boiling above 30 caprol actam
("high-boiling conponents"”) and inpurities boiling bel ow caprol act & 0CT 2004
("lIowboiling conponents”). It is known fromthe Exanple in US- A-496, 941
that, after the separation of water, solvent, ammonia, |ow 35 boiling
conponent and hi gh-boiling conponent fBoma m xture obtained by reacting

ACN wi t h , 4 ' tad d with it
of 90, 506 " SIS IR Y, pBr EERESL 600" LBTLATLS o ke Bt For'
crude caprabPFelants dhfaitedniAGN AGNt i theuild quisk @ihsisecesirdee
mpuri (1 es e { fhsubyPees! of udgicapobactaym E§ud[95'eégygi§8gl%§ 4 ferent

fromthose In a crude capr ol act am obt ai ned ot'her Pr OCeés

descri bed [sdcds markedlyal diffexentr stfxemp, thoser dity te USrAde 496, 941,
ACN i's 5 CORYBRLAE fcQnt aPhOh BSEAMYN bERLT Qi e@gaege W Hd 49
conponents, \%gtber, anmoni a _and optyiqongﬁ‘ley gﬁ?g:r SO 've%\?s d;e%é‘_'j}q‘bEdn

si mul t aneo&® YSsépar 4°6d °%f-, hi gh-boiling conponents are separated off to
give a crude capro- lactamwith a purity of 99.5% this crude caprol actam

i s hydrogenated in the presence of a catalyst, the 15 product 'obtained is
treated wi th dh &dF8tc $RP  cRERRRGENTor tQUUBTA-S - 486 948dd tAENrdsul ting

product i scoflveitkldedtbn thgreLaesease of acmase.i &64&%@ dipggloses a
met hod, of ur.iflf.éi n% crude 20 caai)rol actamorigi nati ng, romthe liquid phase
cycli zat i oRCof18TaMOHBCRF T t MAETw (HWRRER #Rdt RRTigRaddncetsrra sol vent

and het er ogeheensscatral ysimtul dahedkd By Co6Sarat edeceapr ﬁ'iéﬁt-él&‘iilin%i rst
hydr ogenat ggm Egﬁn tréa]gt ed evm' t}&a%]di agents .and finally distilled 25 in
the presenE8"BPPSIKEl i3 The WA tggg of°t fiye @ crude capro-
lactam with a purity of 99.5%, this crude caprolactam
is hydrogenated in the presénce of a catalyst, the
15 product -obtained 1is treated with an acidic ion
exchanger or sulfuric acid and the resulting product is
distilled in the presence of a base.

WO 96/20923 discloses a method of purifying crude

20 caprolactam originating from the liquid phase
cyclization of 6-aminocapronitrile with water in the
presence of a solvent and heterogeneous catalysts. In
this case, c¢rude caprolactam is first hydrogenated,
then treated with acidic agents and finally distilled

25 in the presence of alkali. The disadvantage of this
method of purification is that three separate reaction
steps are required to prepare pure caprolactam.

The cyclization of é-aminocapronitrile in the gés phase
30 in the presence of water and a catalyst, for example as
described in EP-A-659 741, WO 96/22974, DE 19632006, WO
99/47500 or WO 99/28296, gives a crude caprolactam in
which the typical impurities are different from those
in a crude capreolactam obtained by another process,
35 Examples of typical impurities in a crude caprolactam
obtained from ACN in the gas phase are cyanoalkyl- and
aminoalkyl-substituted caprolactam derivatives and
tetrahydroazepine derivatives, such as N-



-method of purification is that three separate reaction steps are r?e’uﬂ[tr@ﬂm
to prepare-pure caprolactam The cyclization of 6-am nocapronitrile®i'n

gas phase 30 in the presence of water and a catal yst, for exanple as
described in EP-A-659 741, WD 96/ 22974, DE 19632006, WO 99/47500 or WO

99/ 28296, gives a crude caprolactaming which the typical inpurities are

diff t f I t bt t.h )
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in the gas apiu‘asbé-aammaiyexwma@relaandamantnoahkpl <saphrstlisdotdaed adEsd act am
derivati veaﬂ_%% :.t:%t_{ a@éfﬂé?%ﬁﬁ?k{‘%odeél r\é%t%t such és tlr\llgnoquaq Cé T 2004 6

cyanopent yI'/hexanet enel m ne cyan pen Feaprolact
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to a degra of qugh| car enetal | wn _f.or
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Technol ogy, 4t'h ofk page 836,
10 such asOthaeral Brcyelopadiar ef a@dembcalu IT@diquSA,c]flt}and:d\N

characteri gghcs.4 ) tJbﬁnamvqutg};ec& Qforiche I@é@s?@rﬁ' n 1250%5% ePkQyi de a

process which makes it possible to prepare y and in a
t echni £l | PUShmsiSe thRy BHtRF - 5o Hee hanRerndcyp éltaélea wei disikds been

obt ai ned f pam AGNchA rachterdasiRizase. W have found that this object is
achi eved by the 20 process defined at the outset. In step a), a mxture

(1) containing 6-anmnocapro- nitrile, water and optionally liquid diluent
IS It is an object of the present invention to provide a

process which makes it possible to prepare, in high

15 purity and in a technically simple and energy-saving
manner, caprolactam which has been obtained from ACN in
the gas phase.

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

in step a), a mixture (I) containing 6-aminocapro-
nitrile, water and optionally liquid diluent 1is
converted in the gas phase, in the presence of a solid

25 which promotes the reaction catalytically, to a mixture
(II) containing caprolactam, ammonia, water, optionally
ligquid diluent, high-boiling components and low-boiling
components.

30 The ACN required for step a) can be obtained from
adipodinitrile, as is generally known £from Ullmann’s
Encyclopedia of Industrial Chemistry, 5th Ed., Vol. A5,
VCH Verlagsgesellschaft mbH, Weinheim (Germany), 1986,
page 46, Fig. 8.

35
Particularly appropriate here is the partial catalytic
hydrogenation of adipodinitrile in the presence of

ammonia as solvent and e.g. in the presence of rhodium



-converted in the gas phase, in the presence of a solid 25 which pro t%?
the reaction catalytically, to a mxture (11) containing caprolact GCT 2004
anmoni a, water, optionally 1liquid diluent, high-boiling conponents and

| ow- boiling conponents. 30 The ACN required for step a) can be obtained
from adipodinitrile, as is generally gnown from U | mann's Encycl opedi a of

I ndustrial Chem stry,.5th Ed. . Vol . . VCH Verlagsgesel | schaft nbH,
V@inheinl(agrmﬂﬂgqgﬁﬁg%, Oﬁéag 4&Ué§§f4ﬁﬁﬂm§§%ﬁticﬁ?ﬁ?Yy Ep5F&dri at e
here is thdUBaRtRal?6@aBalsyt i w0 hgdvagéaal i onr ofnickgbdidt t Gilleminhnt he

presence of _ . ,@_as ,sal e nd _e.g.. in_the presence of rhodium2 7 OCT
2004 7 on rréénesiqg% g‘x?dgozéugg@« 651, 8597 SRERSY O cKEIF2 1SS A°3, 762, 835,
WO 92/ 21650h-Cr-Bnckspimeal al (MH-BHASOXiGdle UBSAAZ223088398) &s arsuspensi on

cataly ol ~eChi- G9- spd nel - B US- A 57,814) or iron 5
( DE- A-}tz SéDﬁgé) Egs%g fdl%xé;d %éegg cgtlzcl%gigt]b ,%dor f'Aé‘p:"rz%scz:te’ssora c8FEFRGSt o
US- A- 2, 245a¢20rdiusgA- 2, 360, 964, USER-A- 286293%r FR- BS220293540964r a

process deggrihb t - L4986, . The_ ad] initril,e_required for
this react?gnkiggoz?ngEES??ngugtﬁﬁgI%%bb.g? %§q$ﬁ%9%%%bF§5836589
cyanation &f YEtAdPeA86i A4ilhe presence of nickel - containing catalysts, and
is comercially available, e.g. fromAldrich--Chem e Gesellschaft nbH &
Co. KG. 15 Steinheim, Germany. The conversion of the mixture (1) to the
mi xt url® (1 Thecapdd@cddrndited lsut Be@etuedg £or Emhisssorgamtion 96522974, DE

19632006, VYbe§4d50Qrehust¥Q09428298 §0r syample 28-Jbre ' eAghigD can
preferably be carried gut in the gas, .
cyanation o butadiene in the presence of nickel-
containing catalysts, and is commercially available,
e.g. from Aldrich-Chemie Gesellschaft mbH & Co. KG,
15 Steinheim, Germany. The conversion of the mixture (I}
to the mixture (II) can be carried out according to
EP-A-659 741, WO 96/22974, DE 19632006, WO 99/47500 or

WO 99/28296 for example.

20 The reaction can preferably be carried out in the gas
phase at temperatures generally of 200 to 550°C,
preferably of 250 to 400°C; the pressure ranges
generally from 0.01 to 10 bar and is preferably
atmospheric pressure, it being necessary to ensure that

25 the reaction mixture is predominantly gaseous under the

conditions used.

The catalyst loads are usually 0.05 to 2, preferably
0.1 to 1.5 and particularly 0.2 to 1 kg of
30 6-aminocapronitrile per liter of catalyst volume per

hour.

The reaction can be carried out Dbatchwise or,
preferably, continuously.

is
Suitable reactors are advantageously those which are
generally known £for gas phase reactions on moving or
stationary solid catalysts. It is preferred to use a



phase at tenperatures generally of 200 to 550C, preferably of 250 ?q ﬁﬁpﬁ%k
the pressure ranges generally fromO0.01 to 10 bar and is preferably

at nospheric pressure, it being necessary to ensure that 25 the reaction

m xture is predom nantly gaseous under the conditions used. The catal yst

| oads are usually 0.05 to 2, preferabl$ 0.1 to 1.5 and particularly 0.2 to

1 kg of 30 H-AH{GRPHUY t ) | i.ter t volu r .. hour. The
reaction ca%hﬁ'eralcar ri ekggaoutf%)%t%ﬁfm séelt’or ,&%€%%§1 y,':'1 coﬁ’f%ﬁoﬁ?@. 35 -
Sui t abl e r gAY afachdvnt agemay yredoserwhiesperisal gener aiubulenown for
gas phase reactdQnNs OR FRYLEY; stadio sald lysts. 11,d4S
preferred to use a 2 §°o %1}9%8%38 cﬁui gla%éd g}eédad?tgcggc%org%ra, parlesfoerabl y, a
fi xed bed Ras&dtde -such as a tray reactor, especially a tubular reactor.
Conbi nagi ons of such reactors are also possible. 5 The anount of water

used is generally 1 to 50 preferably 1 to 10 nol per not of ACN. The
m xture (1)P@an BB corfthi Watder vFBani &S 19e88FPSdNds lwhiteh &%k gaseous

under the reb16ondidd ans melUGeATd chgl@y. am nes or aromatic or
al i phatic hydrocarbons. Exanples of suitable catalytically active conpounds

in. 15 the catalysts are silicon dioxide in the formof pyrogenic silicon
di oxi de, siTheca @izktuié esallguhrean qualkd Orcdfivdid €SotRefeolorgGRRREr

chrom , preferabl um num oxi de, titanium qxide, preferably titani um
£8 %ompoud%sy %hlgh are  gaseous unger tﬁg react%on
conditions, such as alcohols, amines or aromatic or

aliphatic hydrocarbons.

Examples of suitable catalytiéally active compounds in
15 the catalysts are silicon dioxide in the form of
pyrogenic silicon dioxide, silica gel, kieselguhr,
quartz or mixtures thereof, copper chromite, preferably
aluminum oxide, titanium oxide, preferably titanium
dioxide, lanthanum phosphates and lanthanum oxides, as

20 well as mixtures of such compounds.

Aluminum oxide is suitable in any modifications which
can be obtained by heating the aluminum hydroxide

precursor compounds {(gibbsite, boehmite, pseudo-
25 boehmite, bayerite and diaspore) at varying
temperatures. These 1include especially gamma- and

alpha-aluminum oxide and mixtures thereof.

Titanium dioxide is amorphous and is suitable in any of
30 its modifications, preferably anatase and rutile, and

mixtures of such modifications.

Lanthanum phosphates are suitable, individually or in a
mixture, in their wvarious modifications, stoichiometric

35 ratios of lanthanum to phosphate unit and degrees of
condensation of the phosphate units (monophosphate,
oligophosphates such as diphosphates or triphosphates,
polyphosphates) .
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abovementioned compounds can be applied to a
mechanically and chemically stable support, usually
with a high surface area.

The pure compounds may  have been prepared by
precipitation from agqueocus solutions, e.g. titanium
dioxide by the sulfate process, or by other processes
such as the pyrogenic preparation of £fine aluminum
oxide, titanium dioxide or zirconium dioxide powders,

which are commercially available.

A choice o0f several methods is available for the
preparation of mixtures of the different compounds. The
compounds, or their precursor compounds which can be
converted to the oxides by calcination, can be brepared
e.g. by joint precipitation from solution. A very good
distribution of the two compounds used is generally
obtained by this method. The compound or precursor
mixtures can also be obtained by precipitation of one
compound or precursor in the presence of the second
compound or precursor present as a suspension of fine
particles. Another method consists in mechanically

mixing the compound or precursor powders, it being

e fixed bed

P ng to a chanically and



with a high surface area. The pure conpounds nmay have been prepared,by f@%
precipitation from aqueous solutions, e.g. titaniumdioxide by the gdl@% ‘
process, or by other processes such as the pyrogenic preparation of fine
al um num oxide, titanium dioxide or zirconium dioxide powders, which are
comercially avail able. 25 A choice ofl@everal methods is avallable for the
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A very good distribution of the two conpounds used is generally obtained
by this nmethod. The, conpound or precursor m xtures can al so be obtai ned by
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support ed catal Sts can Q& epar ed % f the nethods described in
the |iterat 'ﬁﬂﬁ?qqmp E% uRds 8% SQnXEBFPQBaQ&Ytﬁ@WﬂﬁﬁQﬂﬁ?qmrthe
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ol ci b oR SRR ar EVES 1Bher cFAFI y SYERFABFe IOt den et oxi de
and al um mlmdxte oxAnts .her possi bl e way of applylng | ayers of the
catalytically active conpounds consists in hydrolyzing
Another possible way of applying layers of the
catalytically active compounds consists in hydrolyzing
15 or pyrolyzing organic or inorganic compounds. Thus a
ceramic support can be coated with a thin layer of
titanium dioxide by hydrolyzing titanium isopropylate
or other Ti alkoxides. Other suitable c¢ompounds are
TiCl, and aluminum nitrate, inter alia. Suitable
20 supports are powders, strands or tablets .of said
compounds themselves or of other stable compounds like
steatite or silicon carbide. The supports used can be
in a macroporous form in order to improve the material
transport.
25
The reaction can be carried out in the presence of a
gas which is inert as regards the conversion of the
mixture (I} to the mixture (II), preferably argon and
in particular nitrogen. The volume ratioc of the inert
30 gas to the ACN, which is gaseous under reaction

conditions, can advantageously be up to 100.

In step b), ammonia is removed from the mixture (II) to
give a mixture (III} containing caprolactam, water,
35 optionally liguid diluent, high-boiling components and

low-boiling components.



15 or pyrolyzing organic or inorganic conpounds. Thus a ceramc suggort
can be coated with a thin layer of titanium dioxide by hydrolyzing GCT 2004
titaniumisopropylate or other Ti al koxides. Oher suitable conpounds are
Ti Cl4 and alumnumnitrate, inter alia. Suitable 20 supports are powders,
strands or tablets of said conpounds tlhensel ves or of other stable
conpounds | e Q. Si i supports used c in
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the ACN, weréehersbdyseods striddetriaurt i @r @Onmthynatxmm advamtageous! y be
up to 100. phRxeken b), ammonia is renoved fromthe mxture (11) to give a
m xture (I11) containing caprolactam water, 35 optionally Iiquid diluent,
hi gh- boi | i ng conponents and Iomfboiling conponents. 27 0CT?200L 11 In
pri nci pl e, e Senaratd o of e h i res (L n be
effected bgh%etcﬁ%g%l%ndo%brgefsge or t a#atsﬁon@ggﬂrfe:q eélél (sé% such as
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t enper at ur s of .60 to 220C, _especially of 100 to 220C. ressure
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conventlonatly g6t 30aba?2 BBs3Qukar, absol ute. Suitabl e apparatuses are those
conventional ly used for

Suitable apparatuses are those conventionally used for
distillation, for example . the ones described in

15 Kirk-Othmer, Encyclopedia of Chemical Technology,
3rd Ed., Vol. 7, John Wiley & Sons, New York, 1979,
pages 870-88l, such as sieve-plate columns, bubble-cap
columns or packed columns.

20 The distillation can be carried out in several columns,
such as 2 or 3, but advantageously in a single column.

In step c¢}, water and optionally liquid diluents are
removed from the mixture (III) to give a mixture (IV)

25 containing caprolactam, high-boiling components and
low-boiling components.

If a liquid diluent has been used in step a), water and
ligquid diluent can be separated off simultaneoﬁsly in

30 step c¢) or the water can be separated off before or
after the liquid diluent.

In principle, the water can be separated from the
mixture (III) by methods known per se for the

35 separation of materials, such as extraction,
crystallization or, preferably, distillation, or a
combination of such methods.



~distillation,. for exanple the ones described in 15 Kirk-Q hner, 2.7 00T 2001
Encycl opedi a of Chem cal Technology, 3rd Ed., Vol. 7, John Wley & éoW%, )
New York, 1979, pages 870--881, such as sieve-plate columms, bubbl e-cap
colums or packed columms. 20 The distillation can be carried out in
several colums, such as 2 or 3, but lJadvantageously in a single colum. In

step ¢), r ionally_liquid diluents. ar renoved. fromthe m xture
U1 o ortve SHNATIAERR) tas' Bartaoeousty oBeci R arhnoBsi g
conponent s battom dwrpsidatngesonpbridhttso 2150°8,| iegpied 1dilllyertf ha keen used
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in 30 step ¢) of the water can be separated off before or after the liquid
diluent. In principle, the water can be separated fromthe mxture (I111)

by nmet hods ke er. S rati of ,aterials, sych as
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New Yor Kk, pages 870- 881, as eve-p e col urms, e-cap 10
col um< or CphERBE e8| BAskedTReI¥MESI-| | ation can be carried out in several
colums, such as 2 or 3, but advantageously in a single colum. 15 A

heat - coupl ed [tis e separation of the water and
P Thenglstlaigtlonpcan be carried out in several columns,

such as 2 or 3, but advantageously in a single column.

1S A heat-coupled multistage separation of the water and
optionally the ligquid diluent is particularly
preferred.

Before the mixture (IV) is introduced into step d), it

20 1is appropriate ko separate off the low-beiling
component [sic] and . high-beoiling component [sic],
advantageously only the high-boiling components,
especially neither the low-boiling component ([sic] nor
the high-boiling component [sic] and particularly

25 advantageously only the low-boiling components from the
mixture (IV).

If the low-boiling components and high-boiling
components are separated from the mixture, the low-

30 boiling components can be separated off before, after
or together with the high-beoiling components.

In the case where the low-boiling component [sic] and
high-boiling component [sic], or only the high-boiling
35 component ([sic], or only the low-boiling component
[sic]l, are separated off, the separation can be



optionally the liquid diluent is particularly preferred. Before thgq 19004
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advant ageously only the high-boiling conponents, especially neither the

| ow- boi | i ng conponent [sic] nor the high-boiling conponent [sic] and
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Suitable apparatuses are those conventionally used for
distillation, for example ‘the ones described in
15 Kirk-Othner, Encyclopedia of Chemical Technology,
3rd Ed., Vol. 7, John Wiley & Sons, New York, 1979,
pages B870-881, such as sieve-plate columns, bubble-cap

columns or packed columns.

20 The distillation for separating off the low-boiling
components can be carried out in several columns, such

as 2 or 3, but advantageously in a single column.

The distillation for separating off the high-boiling
25 components can be carried out in several columns, such

as 2 or 3, but advantageously in a single column.

In step d), a solid (V) containing caprolactam is
obtained from the mixture (IV) by -partial

30 crystallization, the proportion by weight of
caprolactam in the solid (V) being greater than in the
mixture (IV}).

The sum of the contents of high-beoiling and low-~boiling
35 components, not including water and organic diluents,
in the mixture (IV}) used in step d) is advantageously
at least 100 ppm by weight, preferably 200 ppm by
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distillation for separating off the lowboiling conponents can be carried
out in several colums, such as 2 or 3, but advantageously in a single
colum. The distillation for separatinigt of f the high-boiling 25 conponents
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the m xtur € sumo contents of high- boi ling and | ow boiling
35 conponents, not including water and organic diluents, in the mxture

(1V) used igpsStep. ge ly t 0
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| east 500 spmtbymowellg’ht and especially at |east 1000 ppm by wei ght, based
on the mxture (1V). 5 The crystallization can be effected batchw se or

continuously. The crystallization can be effected with the addition of an
ai d such aShgn okl brathorgsaainc e gefdected Iwiddt , ther asiddrplba wat er,

but preferglly.ui t hogt then agdi tien cSliga"rﬁ@' QJr T*l% g%ﬁ#%! lhzghjign can be
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pref erkbl ydiigephe &ouges*#ROAROHWRER pr ehf"é?r r%ﬁe%ﬁ%ﬁlmwﬂtbputhé
I nventi on, gikRe tebySbE lainzatiidon can be effected as fractional
crystallization.

The crystallization can be effected in one or more
stages, such. as two, three or four stages, preferably
15 one stage. In another preferred embodiment of the
invention, the crystallization c¢an be effected as

fractional crystallization.

In the case of fractional crystallization, all the

20 stages producing a crystalline product (caprolactam)
which.is purer than the initial crude product (crude
caprolactam} are conventionally called purification
stages, and all the other stages are conventionally
called refining stages. It is advisable here to operate

25 multistage processes according to the countercurrent
principle, whereby, after the crystallization in each
stage, the crystalline product is separated from the
remaining liquid phase {*mother ligquor”®) and
transferred to the appropriate stage with t1:1e next

30 highest degree of purity, the crystallization residue
being transferred to the appropriate stage with the
next lowest degree of purity.

Advantageously, the temperature of the solution or melt
35 during crystallization is not higher than the melting
point of caprolactam (70°C) and is preferably between
-10 [sic] and the melting point of caprolactam and

especially between 20 ([sic] and the melting point of



In the case of fractional crystallization, all the 20 stages produgiygmlraz[}m
crystalline product (caprolactan) which is purer than the initial crude
product (crude caprolactam are conventionally called purification

stages, and all the other stages are conventionally called refining
stages. It is advisable here to operat®525 nultistage processes according

to the coudBAInd@Ym. PFHLACILR) after,th stallization in
each stage,aeg'{ he crystal Illﬁesg)rlg usct |r§pés/netpajr’%t réé’gf fcolﬁg%%aelallrzeerﬁi]nﬁ ng
li qui d phas@nvephialiyubetyegnd 0t padAst7é red poeflesralfpr dprtivaten st age

with the nett 233 Hohestpddedr®® Pfoputhdyget he crystallization residue

being transferred to the appropriate stage with the next |owest degree of
purity. Advantageously, the tenperature of the solution or nmelt 35 during

crystal §i zatj oBnbsneet Lheefa§balst heusBd tddit PRIENt L QE %%Rf@lﬁ%am (70C)
and is pref‘_%rably between -10 (si C]H_ and the mel ting point of caprol actam
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capr ol act amhelhe cg9kitd3 sconh@Bly | Nohhe epysEal | i geFrhSesconyentigpal 'y
between 0 and 70 .q,, preferably between 30 and 60 g, per 100 g of charge. 5
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i's effect edpparappas at usep. | NLafesh cwgtsuﬁa&%oﬂrOpr%eggol gdoaur f aces
in the,.cr stlalllzcla%e:’?(l)ncg_gp at us, il.e are fixed in the _apparatus (e.g.
layer t¢ystHHEEFaiN Gt b3 T AT 180 | 981 SEREAFe CRYESALLAEAARD) or
static crysgtralleiszatfiram FERE SROKEMMEBENEHROKEM (France)). The
crystallization can also be effected by cooling apparatus walls or by
evaporating a solution of the 15 crude caprol actam under reduced pressure.
Five to 30%he crystallization can also be effected by cooling

apparatus walls or by evapofating' a solution of the

15 crude caprolactam under reduced pressure. Five to 30%
by weight solutions of crude caprolactam in a liquid
diluent, especially water, are particularly suitable
for this purpose.

20 In the case of crystallization by cooling, the heat can
be removed wvia scraped wall chillers connected to a
stirred tank or an unstirred vessel. The crystal
suspension c¢an be circulated by means of a pump. A
further possibility is to remove the heat via the wall

25 of a tank with a wall-fitted stirrer. Another preferred
embodiment of crystallization by cooling is the use of
cooling disk crystallizers, e.g. those manufactured by
Gouda  (Holland). In another suitable variant of
crystallization by cooling, the heat can be removed via

30 conventional heat exchangers (preferably shell-and-tube
or parallel-plate heat exchangers). In contrast to
scraped wall chillers, tanks with wall-fitted stirrers
or cooling disk crystallizers, these apparatuses do not
possess a device for preventing layers of crystals from

35 forming on the heat-transfer surfaces. 1If, during
operation, a situation is reached where the resistance
to heat transition due to the formation of layers of
crystals becomes excessive, the conventional procedure



by wei ght sol utions of crude caprolactamin a liquid diluent, espegi adEJTyZU
water, are particularly suitable for this purpose. 20 In the case f7 0
crystallization by cooling, the heat can be renoved via scraped wall
chillers connected to a stirred tank or an unstirred vessel. The crystal
suspensi on can be circul ated by neans b a punp. A further possi bi lity is
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formati on of ]ayers of crystals becones excessive, the c Fi6Hal
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During the cheper at ivyg peri &faw@eéecongnapparaq%%natt Bnl.! 'St ppgpparat us
can be_ regener at .(preferably by nelting the |ayer of crystals or
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heat transiviaipotraiti oih@ S eeN G ARREIGH UndEac i @E §ssdadure t he procedure
Is to switch back to the first apparatus, and so on. This variant can al so

be operated with nore than two apparatuses in alternation. The 10
crystal li z&hieonsehidal sgubé efdpentead diy mennedsi datdwn per se are

suitable for separating the. mother liquor from the
15 caprolactam which has crystallized out.

In one preferred embodiment of the invention, the
crystals can be separated from the mother liquor by
filtration and/or centrifugation. Advantageously, the

20 filtration or <centrifugation can be preceded by
preliminary concentration of the suspension, for
example by means of one or more hydrocyclones.
Centrifuges known per se, which operate batchwise or
continuously, are suitable for the centrifugation. It

25 is most advantageous to use pusher centrifuges, which
can be operated in one or more stages. Screen-conveyor
centrifuges or helical-conveyor centrifuges (decanters)
are also suitable. The filtration can advantageously be
effected by means of suction filters, which ‘can be

30 operated batchwise or continuously and with or without
a stirrer, or by means of belt filters. The filtration
can generally be carried out under superatmospheric
pressure or under reduced pressure.

35 During and/or after the solid-liquid separation,
provision can be made for further process steps to
increase the purity of the crystals or crystal cake. In
one particularly advantageous embodiment of the



evaporation of the solution under reduced pressure. The solid-liquLg 7004
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of the crystialidsor car ysiatitinhke |idf onguekh NDEigusHagesexdmphekheqgase of
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per 100 g of crystalline product. i

al in the case where a liquid diluent has been used

15 in the crystallization of step d4), said 1liquid
diluent,
b) a melt of a crystalline product obtained in a

crystallization stage of step d),

20
c) a mother liguor obtained in a crystallization
stage of step &), or
d) a melt of an educt used in a crystallization stage
25 of step 4).

The washing can be effected in apparatuses
conventionally used for this purpose. It is
advantageous to use wash columns, in whiéh the

30 separation of the mother liquor and the washing take
place 1in one apparatus, centrifuges, which can be
operated in one or more stages, or suction filters or
belt filters. The washing can be effected on
centrifuges or belt filters in one or more stages, it

35 Dbeing possible for the washing liquor to be conveyed in
countercurrent to the crystal cake.



10 Suitable washing liquors are organic or inorganic liquids or m xgygs
of such liquids, exanples of preferred washing liquors being a) in th

case where a liquid diluent has been used. 15 in the crystallization of
step d), said liquid diluent, b) a nelt of a crystalline product obtained
ina crystallization stage of step d)1820 C) a nother |iquor obtained in a

crystal li zahi@n 131398 ofn StieP E'%se0!5f(j):r?s'ilrﬁlil.ﬁiQfat:QBne§121:|.q:§‘1fc:»lt!ﬁedcé'lé1 a
crystallization stage 25 of steeﬁg). The washing can be effected in -
appar at use@49iéAeantq o | fidsedhrorashiingut baser fanj be govalageous to

use wash cehyw@nsehén Widis 110, 301 SePabakh 0Ra0h vt her vt herdjqugreand the
washi ng take place in one apparatus, centrifugées, wnhich can be operated
in one or RBVE SCRFeSERGT it filters or belt filters. The washing can
be effegted on centrifuges or belt filters in one or nore stages, it 35
bei ng possible for the mashin% Li%P rr to be conveyed in countercurrent to
the crystaPWgakénd2 #SOoCFORBEL LS T SHOSHSFAOR t RS cAS@gng  a

crystal lizabkcan whéheithgt e a6dtbinonaebdancayihnd heTwashim@udt quer can be
recycled into ,the crys | i zation, optjonall fter inpurities have been
separ at ed SVF?t3H§N§§§4#§i%ﬁ%ﬂﬂﬁﬁﬁﬁq [%ﬁu r%?o%@ngsoﬁeﬁﬁ#ﬁﬁda | oca
mel ting of cegstaliliakedoreghons pethel aopunt o8f crsveail Nhéhewbduct

A AP o oe Tsh8aftng, el B A1 K B 8 RY O RTEL0 9 O

crystalline product per 100 g of crystalline product.
It is particularly preferred to carry out the sweating
on centrifuges or belt filters. It may also be
appropriate .to combine washing and sweating in one

15 apparatus.

Particularly in the case of crystallization without the

addition of an aid, the mother liguor can be recycled

into the c¢rystallization, optionally after impurities
20 have been separated off.

Caprolactam can be obtained in a purity of at least
99.90% by weight, preferably 99.90 to 99.99% by weight,
by the present process.

25
The caprolactam obtainable by the process according to
the invention can be used for the preparation of
polvamides like polycaprolactam.



10 prior to sweating, preferably 5 to 35 g of nelted «crystalline pgz&wﬁﬁmé
per 100 g of crystalline product. It is particularly preferred to

out the sweating on centrifuges or belt filters. It. nmay al so be
appropriate to conbi ne washing and sweating in one 15 apparatus.
Particularly in the case of crystalligation without the addition of an
aid, the nother liquor can be recycled into the crystallization,
optionally after inpurities 20 have been separated off. Caprol actam can be
obt ai nedwdtriampurity of at |east 99.90% by wei ght, preferably 99.90 to
99.99% by weight, by the present process. 25 The caprol act am obt ai nabl e by
the process according to the invention can be used for the preparation of

pol yami des i ke, r&@LSst@tﬁspﬂea&wmofapr@Q&Q%eﬂe%% claim 1. A process for
the preparation of caprolactam wherein a? a mxture (1) containing

6- am nocapr ondXamixergadiconainig t-aminecsproadrilennd waterja seapihdindthe gasphase presence

f t al I
watar s [ breechfl eV totil Sl (0P ALiL B ARRAE BB AT, s
t hen rentnigbboilin@mmmeem aaddmeb(ailj)lg tammphends,a m xture (I11) containing

caprol actam hlionds s el oS HPRRGRL 0 0L PYRRE L hypRpTe = ©)

water is then rem)ve m xt'ure
cont ai ni caprolatam, &Iaeec,tmghrbolrhrghoinpodehtsgncttwplmﬂmgtcsmgmmbnﬂspw boi l'i ng

conmponent s, solid cqnt ai ni aprol act am en. obt ai ned from
Che mxture (Pt nERpupud fork AR Rt BT Bis RSO sertiin o
capr ol act@mchtnnt Ih@hsbollinlg cédwﬁo;bﬁ;] agl lgweatliag cohponents, anl)i hedm xtur eI I( V). t2 A
process as c claim r nal |y contains
an inert gas oatfgﬂf!iﬁ é’ﬂ?’m"? °a91€°§f‘85'é§ e’égg%f'%ﬁ%ﬂﬁ'ie ‘a%f‘ (h{)g’ Ywher ei n
titani unerglitslkzation, the propomioh W aight Of caprolactam in the solid (V) being greater than in

the mixture (IV).

2. A process as claimed in claim 1 wherein the mixture (I) additionally contains an inert

gaseous diluent.

3. A process as claimed in claim 2 wherein titanium dioxide, aluminum oxide or

lanthanum phosphate is used in step a) as the catalytically active component of the catalyst.

4. A process as defined in claim 1, wherein the low boilers are separated between steps
¢) and d).

5. A process as defined in claim 1, wherein the high boilers are separated between steps
c¢) and d).

6. A process as defined in claim 1, wherein the low boilers and high boilers are

separated between steps ¢} and d).
7. A process as defined in claim 1, wherein the sum of the contents of high boilers and
low boilers in mixture (IV) used in step d), calculated without water and any diluent still

present, is at least 100 ppm by weight.

8. A process as defined in claim 1, wherein crystallization in step d) is carried out in the



| ant hanum phosphate is used in step a) as the catalytically active 70C !
conponent of the catalyst. 4. A process as defined in claim1, wher?e rq HIU(Q
| ow boilers are separated between steps <c¢) and d). 5. A process as defined
in claiml, wherein the high boilers are separated between steps c¢) and
d). 6. A process as defined in claimgl, wherein the |ow boilers and high
boilers are separated between steps ¢) and d). 7. A process as defined in
claim1l1, wherein the sumof the contents of high boilers and |ow boilers -
in m Xt uRedck W aukRRe 4 g1@mg_t ep d), calculated without water and any dil uent
still present, is at 1east 100 ppm by weight. 8. A process as defined in
claim1, wherein crystallization in step d) is carried out inthe 2 7 OCT
2004 20 gbseng% &Ess%ééﬁde@ﬂyclﬁﬂelngvﬁcrei% Hf 3R s dﬁ@tﬁrﬂ@ ouk 'angl aim1,
wherein crystal [T Zation in st ep d) Is cdrri out o Co0 & surface, on
whi ch so¢q0&d(sw)facg,rqmshlchl®hdAVXETG\ESSS as def| ned in cl a| m 1, wherein the

not her |iquor obtained after <crystallization in step d) is mxed with

m xture (IV) and recycled to step d). 11. A process as defined in claim1,
wher ei n Hryst Alpracesstas defined irstlam 1gvhersindlzr motbet liqudr obtaited afterse.

crystallization in step d) is mixed with mixture (IV) and recycled to step d).

1. A process as defined in claim 1, wherein crystallization in step d) is carried out

batchwise.



