*159159* 0050/ 51363 Preparation of caprol actam The presenuwmmmmlmmum
rel at'es to a process for the preparation of caprolactam a

m xture (1) containing 6-amnocapronitrile ("ACN') and water isisseacted in
the gas phasgsd/ s13dwe presence of a catalyst, to give a mixture (I1)

cont ai ni ng caprol actam anmoni a, water, high- 10 boiling conponents and

| ow-boi |'ing conponents, b) amonia is then removed fromthe mxture (I1) to
give a m xt (Areqanabiqgomiaigapmp aprah act am  wat er, _hi gh-boi l'i ng

conponent s and Iow boi ling 15 conponents, c) water is then renmoved from
the m xture %I ve a mxture (l1V) containing caprolactam high-

boi ling co nP§e§ﬁ*H‘ | ohPBENELAY copbFRMt S0 and Doodgsa s d the)

cont ai ni ng gae@RcdidN Ik (o1 imed,Hd .t he m xture (1V) by _
crystallization, the proportion by weight of caprolactamin the solid (V)
bei ng gréater than in the mxture (1V). 25 Processes for the preparation of
caprolactamaare egenaiatliyeknoyn) Itcdr&@_rslchggengr_ghllylo@@g%nlftgrllgxanpl e

fromU | mann's clopedia of Industrial Chemstry, ., Vol . A5,
VCH Ver| agsgesel | sAh%ﬂ“c>S V@FPhet th CEECTERY )LD 198, 929 a5848586- 48, or

Ki rk-Q hmer, Encmeome:chsaerm‘e Ghera cadtaTeshnotogyivét A ﬁdxtu\_/gl f( 14) f}Oth
Wley & Sons Ne 92.4 t hat caprol act m use or the
d Gontalif: mj?g ﬁgfa§§§mty M8 6 1 o %_99294% D g8 i

preparat i on of polymers e a puri mai n
i mpur i t Y0 convent PGAdLRE lSTé’FTW@r\ﬁaltt@r gngl low-boiling components,

b) ammonia is then removed from the mixture (II) to
give a mixture (III) containing caprolactam,
water, high-boiling components and low-boiling

15 components,

c) water is then removed from the mixture (ITI) to
give a mixture (IV) containing caprolactam, 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 Ehe
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 Ullmann’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
99.94%, the main impurity conventionally being water in

an amount of 0.04 to 0.1%. Other impurities must only
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be present in an amount of at most a few ppm.




an anount of 0.04 to 0.1% O her inpurities nmust only be present in an
amount of at nost a few ppm *(300002* 0050/51363 2 Thus caprol actam can
be prepared by a Beckmann rearrangenent of cycl ohexanone oxime wth

sul furic acigggspos1a8lggum After neutralization of the resulting m xture

wi th ammoni a, the caprol actam can be obtained fromthe 5 amoni um sul fate
formed as a by-product by extraction wth an organic sol vent. Dependi ng on
t he process&§Ueor ¢FRrplapedm@t i 6AN0f Ree pPedrersdusdy t oapr Bpakeanhe

cycl ohexanone@iiRenth@h & A rd%;@et}?a&?@%ﬁna@dwwﬁf gaxkagqenaw zsul fate,

and on the oximati on and rearran enment  conditions, cru caprol actam
obt ai ned by°& B za?ﬁﬁﬁa?ﬁstaﬁfFéFBhFlﬂgp@éxéﬁﬁeanounts

of inmpuritiedth Eymdmlal ﬁﬂh.lél tapsouaceamdea&aMé)l@@t’éaamw e@%ﬁdlth}é a 15 g
Beckmann; r egrran n l.ca rola t ans th | val er ol act am an
n- pent yl acetAM q%;Fs/aérlllftj)%ast‘?or 0855%35 E)é’cpfﬁé]alcf ¥h§XﬁEF‘FFF88t| on of
crude capr oWadha@nolorgioned Bplyeﬂ$cknann rearrangenent 20 According to
DE- A- 1253716, the crude caprol actam can be purified by hydrogenation in

suspension, in the presence of a catalyst and with the addition of an
acid. 25 ACPGP&Pﬁignﬂo PE- ALe2PIPEESSEFe k9mdeheapreracedmorarobethpuri fi ed

by hydrogenatiuefsi hiswds RN Al Iy ndwith the
addition of a g S 30 DD%IQ%)%S d‘%ﬂg’l%ﬁ%iéélﬁé%ﬁ%&%?%&éi %E%ﬁrlg?l cation
of crut® c&¥F Pi@f‘a‘HPPﬁ IR Y FeCtY tRemenby®| geddatrs ad sen dEkei | | ed

and then di sxameedonn amdr gaekerangement conditions, the crude
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-methylvalerolactam 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 Thydrogenation 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 c¢rude 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



sol vent, hydrogenated in the presence of a catalyst and

t

hen treated with

an ion exchanger. 35 According to EP-A-411455, the inportant characteristic
quality features of caprolactamcan be preserved by 0050/51363 3

hydr ogenat i ngsiohe 1afsude caprol actam continuously in a liquid phase
process. Crude caprol actam obt ai ned by §he hydrof ormyl ation of 5
3-pentenoic acid and/or its esters to give 5-fornyl valeric acid (esters)
as mai n prodyeroIgng tanganghe 3. crandey | Gabeelachand coastionousdy bim peoduct s,
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15 impurities.

6-aminocaproic acid amide, contains other

typical

Thus it is known e.g. from WO 99/48867, Example 1, to

20

25

30

35

crystallize crude caprolactam obtained from 5-formyl-
valeric acid esters, according to WO 98/37063, Example
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-boiling and low-boiling components were not
separated before crystallization, contained 6345 ppm of
N-methylcaprolactam, 100 ppm of 5-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
caprolactam. The b5-methylvalerolactam 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 crude lactam
(caprolactam yield: 45.8%). The characteristic of the
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,




met hyl caprol actam content to 51 ppm 33.7 g of pure |actam were obtained
from73.6 g of crude lactam (caprolactamyield: 45.8% . The characteristic
of the 35 volatile bases (VB) was only achieved by a second

crystal li zatggyp 91341 gh-boiling and | ow boiling conponents were separated
fromthe crude caprolactam before crystallization, according to WO

99/ 48867, 0050/51363 4 Exanple 3, the Caprolactamyield after

crystal | i zatBxenpheas3 p2%hel tcapy flactteer kel &Fforr\WOr9¥teAg7iZasdloect i vel y
to 5 adsorhgapel actamfromm xtures with 4-ethyl-2 pyrrolidone,

5- et hyl - 2- pi peri done, 3-ethyl-2- pyrrolidone and 3-nethyl -2-pi peri done or
oct ahydr o- phenazi ne on adsorbents |i ke activated carbon, nolecul ar sieves

or zeolites o gisvefxmtg{éﬁ’ ReoemlOf £8Rr flcbansakyer éj@ﬁ@éﬁ'&fy Hhi's
separatipn of roI act ai%ﬁ?n be fol |l owed b crystallization fromthe

nelt or ryftdaﬁq izat FBRTP 4" sol . PEXEETRS t ey 1'I?<n0\f%/nettél}’éuﬁl fy, by
crystal |l i zagyorroliteorer,ude capraleatiydmowiiger isloave,i ng f r gmeghgmi-no

capronitril t hy lyze ter to 6amnocaproc aci d,

accor di ng tg’y\}%%&@/ 5;56 é:l{#)al %n‘ge%x/gt PIRE B4R a°F or AEG2 b?’dﬁ drol ysis
are then s@F@nazddeof f ont hea@samhwct@pr 0|1ak&e0| datairvededs 2@aebpohized and
the crude capneagtam qbt ized a di V\D 99/ 48867.
Caprol actam can al so bceéqo%{ al ne ygé%];}é |éhg %g‘,l\l %If?%l &/g Iélf? Yi nPPRE 1i qui d
phase, th t KEDFCdS&HEM oraﬁbgénc@e%mum cat Bhist , senaratien el edse of

ammoni a. In c%(iﬂldlla@tahp apsd | a6 BT L6y cBPERAL 8 286 oRPELBRALLY anot her
l'iquid diluen t he mxturgL alne in thig reaction contains inpurities

boi | i ng abol&30 %FaSrdiSted rhz(a'tﬁ'loélh FGM iPnFOcdiiPdnent s") and i npurities

boi i ng bel ow caprol actam ("I ow boi |l i ng conponents").

It is further known to purify, by crystallization,

15 crude caprolactam which, starting from 6-amino-
capronitrile, is first Thydrolyzed 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 cyclized and the crude caprolactam obtained is
crystallized according to WO 99/48867.

Caprolactam can also be obtained by reacting ACN with
water in the liquid 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-496,941 that,
after the separation of water, solvent, ammonia, low-

35 boiling 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%.



It is known fromthe Exanple in US-A-496,941 that, after the separation of
wat er, solvent, ammonia, |ow 35 boiling conponent and hi gh-boiling
conponent froma mxture obtained by reacting ACN with water and solvent,
a crude caprdscisamds obtained with a purity of 99.5% 0050/51363 5

O her nmethods of purification are described for a crude caprol actam
obtained fromACN in the liquid phase since the inpurities in this type of
crude caprolddteimmetheds cof navkelfii gatiehepent desomibeds & oirn aa carudte 5

caprol actam AN Y Bheindd OEESSeRenasSyd ri : - A- 5, 496, 941.
In a first s(??, .accor.di ng tpn US- A- 5, 49%1?93? (E%\%Nl??ﬂlgo%\lllgrétee ﬁlnc():e
capr ol act am5f t REPRFGEEESphiR e thidw $gPB0i 9% n§redeporrprelagiarr isanmoni a

and opti onal {84 @t hemarkelivent Ridrersntll t BAGAUS kynogeparat eds of furyge
ive a crude capro- |actam

hi gh-boi Lin conponent s e.separated off to

with a p%ri tyapo%orﬁ%é&'f@% ?ﬁi"%lﬁ?adé’ycaBFB?ﬁctpgr‘ﬁgcqsfer?ydr%@eﬁﬁﬁ@&lﬁ‘?dt he
presence of im d&-dst496,H81l5 product obtained is treated with an acidic
ion exchanger or sulfuric acid and the resulting product is distilled in
the presence of a base. WD 96/20923 di scl oses a nethod of purifying crude
20 capr ol actidm &r ifditedt | HgeP r omaceardiingui to piigs@ -Gy dldi6z &ilon BEN is

6- am nocapr QyrvddtedM th WahgkolBcths Presgnse ﬂfq&]?ié()l Yerkle and o
heterogﬁgeo%s .Stat alysts. In "this case, crude capr actlgm I's 'first

hydr ogenat ed®®* t1ih IFRARGN & + Hales™i cAEhentd and pPPraPngldyseihesd 25 in
the presencedifveaidealdre Thomell satvons Bgesepathtsa Beehodigh-purhfihgation is
that three separate rseacti on st%‘ps#re required to prepare pure

capr ol act am € cyct1 i 23F PorP TG nS8Edproni Fiviee £n $H¥IYasaBpRase 30 in
t he presencdasframpatwitland ausdttal yof , 9DoB%examle @sudeseapbedacnafP- A- 659

741, WO 96/%%97ﬂydpggéﬂggg806inVVEhe presence of a catalyst, the

15 product obtained is 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, crude 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 6-aminocapronitrile in the gas 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 caprolactam 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-



99/ 47500 or WD 99/28296, gives a crude caprolactamin which the typical
inpurities are different fromthose in a crude caprol actam obtained by
anot her process. 35 Exanples of typical inpurities in a crude caprol actam
obt ai ned froy-ACM14x4 he gas phase are cyanoal kyl - and

am noal kyl - substi tuted caprol act am deriyatives and tetrahydroazepine
derivatives, such as N 0050/51363 cyanopent yl hexanet hyl enei m ne,
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characteristics general Ig for caproal ac for exa rom
U | mann's EASRY Igﬁécﬁ nT—ﬁHQ‘éF?l &° ECh@ﬁg§PFi9tlQPh Hq. th%lquaAatyvm

VerIagsgeseldkmimm‘ﬁerﬂ”dﬂics\/‘élg@h@rml(l&rHﬁﬂ% 4986, c RIS AGmft8, o Kirk-

Q hrer ncycl 0 a of Technql o 4t h_ Ed Vol_. 4, John Wley &

Sons, New Yorie npp?ﬁz P gégmail@ §uc%”a‘g}/"t]ﬁ?§)§fi&1%es°?or Ingastrddland

vol atile baﬂhe[nmat]ry anathlv Bday adlodr.i shbes. vdr Iv&ra.ag@@e@;@tllféfchbfﬁ% present

i nvention t ov ro ich S it OSSI repare, in high

15 purity ané it ?egﬁﬁqca |'e ggggéneprggg 38 '}p( rk-

capr ol act amqmlﬁﬂ@lif haEn%@hom@aan@cf f Cloemineal i ﬂ“eC&lhn@l@@;v ph@ttsle E\ﬂe have

found that &y1s opj egbnhs wchdLVEd s <t Neye?OyBLRCESH HLf | S&%a P .
rifre, vva er

outset. In ste m xture (1) containing 6-am nocaEro-

and opt I nalsl“\?%i a%fu %‘edl‘facpéfﬁ s K0T cehRefred pRdtMelghilphhase ilmiche
presence of aadsoivi dhdyadtied gpiymt es the reaction catal ytical I y, to a

m xture (l1) containing caprolactam anmonia, water, optionally Iliquid
di l uent, high-boiling conponents and | owboiling conponents. 30 The ACN
required foltstish ap okpebe alft ailmedptesentadnpesitiioty ide, pasvigeggneral |y

known from U/ J®RARR Syhich 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
liquid 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



Encycl opedi a of Industrial Chem stry, 5th Ed., Vol. A5, VCH

Ver | agsgesel | schaft nbH, Weinheim (Gernmany), 1986, page 46, Fig. 8. 35
Particularly appropriate here is the partial catalytic hydrogenation of
adi podi ni trigle i,k presence of ammonia as solvent and e.g. in the
presence of rhodi um 0050/51363 7 on nagne5|un1OX|de (US- A-4, 601, 859),

Raney nickel (US-A-2,762,835, WD 92/21650) or nickel on alum num oxide
(US- A-2, 2080898)mae@1<%ﬁlsuf3peﬂsildﬁ cadtifa-ystd . 601 ,@5NC0- ZrRapéynel niBkeB- 954416,

LS 22,757, Te8ha0n mean s ( Doyd 49 381006), 35 8l DE] ca gy o °

FR-A-2 029 5%8%€or (§S5A52e2884898)i héd Pn ERBSREBSA0B, 94§talms¢heor
adi podi nltrcluereqw resideor t(ves B-esalile) isgs- nrepasedswﬂuwl akby., e.g.

by the ubl dr, y i on_of hutadi int resence of nickel -
contalnﬁﬁg §Fa% ?53% %Qﬁ%s Lonfrercis I% gv Y,t . 2 f PHRFess

Al dri ch- Cheaneo@ésablschatb nbH &SEn- 2K245152§teinheUs}AGErgamy95Zhe
conver si on h ure. ( (LI').can be carried qut
accordi ng QE EP?LZE%?S f%l ﬂ7%7\131\ %/ ??S??%E %56?266%306’@5 9§?§ﬁ§b}6e‘g

99/ 28296 fo#neQ§nﬁré 456,94a -reacti on can preferably be carried out in the
gas phase at tenperatures generally of 200 to 550C, preferably of 250 to

400C; the pressure ranges generally fromO0.01 to 10 bar and is preferably
at mospht? i c TBPes @H@OTPIFE IS nec@EskFsa t ofehsutdithatr et r edst i on

m xture is pteﬂaﬁbﬂanhhﬂuytayaxiyuukg ghe beon@hh10Q§nH§ﬁg Hig sat al yst
| oads are usual | 0n05 % % ang particularly 0.2 to 30
6- ami nocapr oM LT Fg peP I EFagfeEQtaﬁ9s e’ 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 0.0l to 10 bar and 1is 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 1l kg of

30 6-aminocapronitrile per liter of catalyst volume per
hour.

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

35
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



hour. preferably 1 kg of volune per The reaction can be carried out
batchwi se or, preferably, continuously. 35 Suitable reactors are

advant ageously those which are generally known for gas phase reactions on
moving or sf@dd anags solid catalysts. It is preferred to use a 0050/51363
8 fluidized bed reactor or, preferably, a fixed bed reactor such as a
tray reactor, especially a tubular reactor. Conbinations of such reactors
are also pdsgiisliged Trd ammantaf water risekriablgeneraal 1fixked o Hed

preferably Ld-k} melichRelad™®h ArAN-IBELPI Xtégé%&i{%llgﬁnaalt%%uﬁ%@ ain

ot her organic 10 conmpounds which are gaseous under e reaction

condi ti ons, X8I al cORBLRat AR Res afBAft | @egctogly phatec also

hydr ocar bongodesasmd .es of suitable catalytically active conpounds in 15
the catalysts are silicon dioxide in the formof pyrogenic silicon dioxide,
silica gel, kieselguhr, quartz or mxtures thereof, copper chronte,
preferably Tdeimamonroxi def twdweer unusxddeispr gépeabllyyt i tanicem sgdi oxi de,

| ant hanum phosnhates And Janthapum.ox des, #s , 3P wel | as mixtures of such
X

conpounds. um num oxi'de 1s suitable inany nodlfications which can be
obt ai ned by heating the al um num hydroxi de precursor conpounds (gibbsite,

boehmi te, psgudo Rbcbeebm g, baysiitg;agd @o@&%grne) @%hé(f'@”yw%anic .

tenperatures. These include especially ganma- an al pha-al um fium oxi de and

nixture%othé¥¥mﬂqunds which ‘are gaseous under the reaction
conditions, such as alcohols, amines or aromatic or

aliphatic hydrocarbons.

Examples of suitable catalytically 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 Dbe obtained by heating the aluminum hydroxide

precursor compounds (gibbsite, boehmite, pseudo-
25 boehmite, bayerite and diaspore) at varying
temperatures. These include 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 various 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) .



Ti tani um di oxi de is anorphous and is suitable in any of 30 its

npdi fications, preferably anatase and rutile, and m xtures of such

nodi fications. Lant hanum phosphates are suitable, individually or in a

m xture, inghBgi/E14aki ous nodifications, stoichiometric 35 ratios of

1 ant hanum t o phosphate unit and degrees, of condensation of the phosphate
units (nonophosphate, oligophosphates such as di phosphates or

t ri phosphat 8sesepatymrosphat €8n. POSWsEEE68n9 thrhefervomfoundwdean, be used

in the formafppowdegs;c, chi Bsraffist, strandgpoeckabl epsogpraduced, by

conpr essi on) . EID'he formof the copmpounds normaliy depends on the

requi r ement SCHPTERELPR ti c RS rgéf;)t‘é'f‘i ofifs Hisce RREPCHRRIer noFMahi vs

advant ageoudkpeha@sn@nusesk i feghiheehént 8i 2€d hed piocesur£: +aathechi xed bed
pr ocedur it is.conventiaonal to use tablets or strands .with déamsters of

, Lt
bet ween % nRF 8RGBL fn PRI Fhe Oo d S ER IR PEHS pefed s ditm
(content of thehe ihdidizkedl bedpourdsced @086 by Inei ghlhe, &Sxedn xbege of

t he abovenent| o] ungs, . i i ase the su of the abovepentioned
conpounds sﬁ%ﬁﬁgagégﬁgg& g}% C\/(\Jéj‘lq"ge}g{[{,l%g}aﬁasstoa %%epp%?r%]e%t%a?ﬁl §€{§n R whi ch
case the 15wabbvémametensdofohpowres dammbendppl med to a nechanically and

chem cally stable support, usually wth a high surface area. The pure
conmpounds maﬁahave been prepared by _20 precipitation from aqueous

sol uti offs, &N§. OMPRNIEH FadkiRR B§eL helsthratesy Fady, (AntRERtot PEr
processes sHehiadivhaupyr egapiotnpiseparstiy Wy afeidhte) al Adn Hum xOxi&e,
titani um di ogi %%eorabzoi\;ecoer}{tum dei Xi de Cgovglers W?li.c are co rcially
avai l able. 2 EhSEY B TN s dDaitable PG t PrBpar at i on
of mi xturesodf the dabbeemantionpdundsmpdhreds should be >80% by

weight, or as a supported catalyst, in which case the

15 abovementioned compounds can be applied to a
mechanically and chemically stable support, wusually
with a high surface area.

The pure compounds may have Dbeen prepared by
20 precipitation from agqueous 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.
25
A choice of 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 prepared
30 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
35 compound or precursor present as a suspension of fine
particles. Another method consists in mechanically

mixing the compound or precursor powders, it being



conpounds, or their precursor conpounds which can be converted to the

‘oxi des by cal cination, can be prepared 30 e.g. by joint precipitation from
solution. A very good distribution of the two conpounds used is generally
obt ai ned by obBipssABEROdD. The conpound or precursor mxtures can al so be
-obt ai ned by precipitation of one conpgynd or precursor in the presence of
t he second 35 conpound or precursor present as a suspension of fine
particles. RRSERELenefabd ok FEEFtUAeneEpaicalised ki iy Shersdnpound or

precursor pawdersali ttobeithe 209421363 HF Ressidy & Madiicg mixture to be
used as a starting material for the production of strands or tablets. In

principle, supported catalysts can be prepared by 5 any of the nethods
descri bed i ont herindasbé ur eupputs dchecaoaposnds ean be appddeatd obihe
support in the form_.of their_sols sinply by inpregnation. The volatile
constituent §7°8f ¢ etggl%ﬁé?%%%vgﬁgf5ggﬁﬁy:¥éng8§d jﬁb éﬁ?ﬁ9Ca?§P§st by
dryi ng and takciceapioomdsSyein s ki<l tonmee csappyravan| abeefbom
titaniumdi i d : i L ox, d A’ﬂ&&gr i.bl e nay i ng

| ayers of t%g gg?g?yt?%gg}y a&?¢§eq?6ngb n é”%ﬁ%g#gtsqﬁﬁ hg %%P$;¥ng 15 or
pyrol yzi ng 6Pg&RiEUEAtEn@fgdiic srhpyimdeonversienakly anewove@pbremcan be
coated withtaect Hatdayar By drhtiagl WA exidenhy: Bydr ehya ngoid t gpbum

i sopropyl ate or othﬁr Ti al ko |dfs. Cgher sui t abl e conmpounds are _Ti Cl4
and al uh? nuffPRFEFEEE I 1¥nt efVaFLEPISuI t5f e IO AP IBR t s APEIFGWdeRBY st r ands
or tablets aflusdndm osigeunds t hensel ves or of other stable conpounds Iike
steatite or silicon carbide. The supports used can be in a macroporous
formin order to inprove the material transport. 25 The reaction can be
carried out Anpthke presmidelof 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 compounds 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 ratio 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 liquid diluent, high-boiling components and

low-boiling components.



gas which is inert as regards the conversion of the mxture (1) to the

mxture (I1), preferably argon and in particular nitrogen. The vol une

ratio of the inert 30 gas to the ACN, which is gaseous under reaction

condi tions, gealy /&dwant ageously be up to 100. In step b), ammonia is renoved

fromthe mxture (11) to give a mxturne (I111) containing caprol actam

water, 35 optionally liquid diluent, high-boiling conponents and

| ow boi | i ng IEorpohepiRle 00stes18eRBatation orfi nehel emmong asefraomat ithe of t he

anmoni a fr omitdi@re Kty €chhl )béa@fEECEEfie‘HfdethSEh%i#%m}ﬁng#\@& pgL se for
r Y

t he separation of materials, such as extraction or, preferak

di stillatiof®%or B¢ GFHATHIVh VF BICH 131 ot Fiael. AaThex8r3ELLPAL PER can
advant ageoupirng fleeatdnr, i ediett latatilbet,t ot eaperahblas tabnb0oto 2206
especial%y %Et%% Sto 220C. The pressure, neasured at the top of the 10
distillation performance [sic], is conventionally set at 2 to 30 bar
absol ute. Suitable apparatuses are those conventionally used for

distillatio f Qf; £X& . t he e ribed i.n 15 Kirk-Q hmer,

Encycl opedi ghgf OC%’nem ::%&Iée%hﬁgﬂo;aﬁ% AP S T Wore ’f,arf&ﬁﬁ WYey2& Sons,
New York, 1bpgtompigapegatugdss ofudl 4o £i28Ve.peapectallynef bobbte-cap

col umns or paoked cohumMpreduFle dildshdrdld oncanbe carsi egeoutyln
several _ colums, ..such as 2 or 3, but advantageously in a single colum. In
step )19 waferf tandabpProRETiPITYFY disiddnt siar €orvembianaldlom sae m xt ure
(I'11) to giae a moxBOr kal Wpsd3utent ai ni ng caprol actam hi gh-boiling
conponents and |owboiling conponents. If a liquid diluent has been used

in step a), water and |liquid diluent can be separated off sinultaneously
in 30 step épigpbilke ampegr tcmesheasepahated coffvenefionaldy 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 B870-881, 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
liquid diluent can be separated off simultaneously 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 (II1) by methods known per se for the
35 separation of materials, such as extraction,
crystallization or, preferably, distillation, or a

combination of such methods.



after the liquid diluent. In principle, the water can be separated fromthe
m xture (I11) by nmethods known per se for the 35 separation of materials,
such as extraction, crystallization or, preferably, distillation, or a
conbi nat i on g@fs gswah g¥et hods. 0050/ 51363 12 The distillation can

advant ageously be carried out at bott tenperatures of 50 to 250C,
especially of 100 to 230C. 5 Suitable apparatuses are those conventionally
used for diTHs |db3tbhlatben exanplasdvdre agrsislas cheébedrim e okt Oahmrer ,
Encycl opedi 30@f o @@ngrira testolag : h y Sons
New Yor k, lgéz],o pages 870-881, su)csr? ;?%558% pgg Scczzg é?rngf\/\gggbltg cap 10
col ums or k€d col umms. The distillation can be carried out in several
colums, such as 2 or 3, but advantageously in a single colum. 15 A

heat - coupl e i,St age separation_of the water and tionally the liquid
di | uent ]?s %é.l::r;él Ct}l%af\élq3 a péqucel*seersr et e 85%18153 tcr?élvrﬁri&ltﬂ"éa(lly\/)u?%gl AP¥oduced
into step diisitill2@ion,appfopri akenpdesepaiat eonbt t hikedawidaai | i by
conponent | ek eaduhgn- behLyagocogpENenLe [ s\ln: Advantaggoustionl v the

hi gh- boi |'i ng nponent s, Cla nei t er t ovv- b0| I ng hent
Y

[sic] nor é ﬁidgh béeling. coﬁ@bﬂeﬁﬂll[eyl ck émhqoarNe‘&ulYamky 25979,

advant ageo“ hlée@:maﬂdis%ﬂ ovshoh | hBY GRRRONANLS TLOMALE ]Bh]éﬂi'éecéﬂg 1

t he Iovv-(g nponent’s and h| gh-boi I'i ng ~ conponent’s” are separa ed from
the mixt B‘nISO\S?/rBBaSBIeFil ;gL t8RSonents can be separated off before,

after or toget her with the high- b0| ling conponents. In the case where the

Lo Pont | 9rRaTRURT bt ich A0 Y hRAdd "R LD Eh1uRhs O Y e
such as 2 or 3, but advantageously in a single column.

15 A heat-coupled multistage separation of the water and
optionally the liquid diluent is particularly
preferred.

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

20 is appropriate to separate off the low-boiling
component [sic] and high-boiling 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-boiling 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 1low-boiling component

[sic], are separated off, the separation can be



35 conponent [sic], or only the |owboiling conponent [sic], are separated
off, the separation can be 0050/51363 13 effected in principle by nethods
known per se for the separation of materials, such as extraction,
crystallizatggyn oy1,3d9 eferably, distillation, or a conbination of such
nethods. 5 The distillation can advantggeously be carried out at bottom
tenperatures of 50 to 250C, especially of 100 to 230C. The pressure,
measur ed at affeqt®s ofnt PEingisliel (kat i patipeds oknanwoe Hesi c§e for the
conventi onaldgp=3aftikh at drto Q@ HManabsolyisg, prgker al%':&ﬁé%fctth}lQO nmbar
or

absol ute. Suitable apparatuses are those conventionally use

di stillatioff¥%¥gr® 1 hePonesPHeEeF#BeY: | ndiStKLAREEPRmer O @
Encycl opedi aabichanicalo fTegiuiolnegyhods3rd Ed., Vol . 7, John Wley & Sons,
New York, 1979, pages 870-881, such as sieve-plate colums, bubble-cap
col ums Br packed colums. 20 The distillation for separating off the

| ow- boi | i ng Theon@bsent 3ataon beataradeshttageduns seveealcaxalismsousugh as 2
or 3, but a q.%ﬁy ' i ngl o~Th istillatiqgn.far
separating %‘\61‘8&% e hi eéé:ba{o‘{l‘]'lij‘enst\?j Cn‘gﬁcgc(r)rdpoujr?ébnt% %asge ela(::LéLP’r Pgdlggt tn
several col #HSC.sudhe aPressur®, bumeagirat agebustyei ntapsi ngl etbel um. In
step d), a sglded 109t iGNt BbPEBImGAREO! AStAM i Laed, hgemi xture
(I'V) by _partial_30 crgs@a?l i zati gﬁ?ét h[zé:lpcra]o'po?tsi gér:&g\i/ V\BI(;ng'Ié[)IﬂO}% Sef!

capr ol a&gamqtn th&%o PR RP Y bRt ePTEREF a0 vt b2 R x2 Q0 emPRY) . The
sum of the adcdnite.of high-boiling and I owboiling 35 conponents, not

i ncluding water and organic diluents, in the mxture (1V) used in step d)

i s advantageously at |east 100 ppm by wei ght, preferably 200 ppm by
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 870-881l, 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-boiling 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



0050/ 51363 14 weight, particularly preferably at |east 500 ppm by weight
and especially at |east 1000 ppm by wei ght, based on the m xture (I1V). 5
The crystallization can be effected batchwi se or continuously. The
crystallizatgoyn gandze effected with the addition of an aid such as an
organic or inorganic liquid 10 diluent, for exanple water, but preferably
w thout the addition of an_aid. The crystallization can be effected in one
or nore stafdghtsuchagsicwearir cerefefabty stayed eastef 8P Ablgor 5bgne

stage. In anelikeit paaler&ggde0Rot| Met afeddie lb@ﬁenélﬂpdn;h%eigpt,
crystallization can be effected as__fractional crystallization. “['n'the case
of fracti ona®S&%y Saltie RPgHr el (TWhe 20 stages producing a crystalline
product (caprolactam which is purer than the initial crude product (crude

caprol acta re nvemjonally called purification. stages,.and all the
ot her stgagg)srh%re gc%flé\//te#illozn%ﬂ%n cS??ed%leefi‘?ﬁ'c%g“sﬁ%gegég?gw?§ead\9FsabI e
here to opercardizmomsllyi.st age processes according to the countercurrent
princi ple, whereby, after the crystallization in each stage, the

crystalline product is separated fromthe renmaining |iquid phase ("nother
liquor") andhe r@rnsserteizabiomecapprarebfectedgaviviit hthdeadditidf hi ghest

degree of pwt tyn theqeryskal | dgatdon despue Jei ngthansteried,tq the
approprijate st;La%e Wi hﬂjthe next | owest %;%ree of purity. Advantageously,
t he teni) r afard et 1t % oP¥RTRAS oWakEE . RES IR e st wl thowti shei s not
hi gher t han atdkie tiieht iofg apoiardid.of caprol actam (70C) and is preferably

between -10 [sic] and the nelting point of caprolactamand especially

between 20 [sic] and the nelting point of 0050/51363
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 can 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 ligquid phase (*mother liquor”) and
transferred to the appropriate stage with the 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



15 caprolactam The solids content in the crystallizer is conventionally

between 0 and 70 g, preferably between 30 and 60 g, per

100 g of charge. 5

I n anot her advant ageous enbodi nent of the invention, the crystallization
is effected pos@ppasg@tuses in which the crystals grow on cool ed surfaces

in the crystallization apparatus, i.e.lfre fixed in the
| ayer crystallization process from 10 Su

apparatus (e.g.

zer Chentech (Switzerland) or

static crystEPTRFoH" prBEe$S 1ikdsm BEFSIPROEM:hFr anvsital lilrer is
crystal | i zatéemverti ehsDLpebekieehed byngoold ng, %BE%%Brﬁg‘é‘ﬁ%ée%ué)én by

evapor ati ng solution of the crude caprol actam under
Five to 30@6§%yavéi%§tgsd?%¥i%¢€ %fogrﬁﬁﬁr%%prolactan1ln
especially water, are particularly suitable for this pur

pressure.
aliquid diluent,
pose. 20 In the

all ohi 01 i conagerd Pavateabline Euital ahe: FiredrieSior mhe

wal |l chill ers connected rred n

crystal suspesteonstahlbeatieruiat edfbytadans abparpmmpeiﬁijlﬁ?ﬂﬁﬂ
ibility diset he vila th 25 tank wt
possibility diseto Jgmmva d he heat vig gﬁ%%%& ?19%)F§ces taiti Zé:?)‘eon by

wal | -fitted stirrer., Another preferred I men

Crys

cooling is tQE¥§E%;¥ﬁzaEkRﬂin@PH?§RtéﬁystéLBLzeﬁ§¥Ee.@ixe@osépnamﬂkactured
by Gouda (Hagarehus | nh@ﬂ@lhela?éftaek§s¥§i&§95tQBP ﬁb&%E%EE'Z%EBRP by

cooling,.th eat_can be re ed via_30_conventiona
(prefer%BIy%% $E arfdfT ngg : _ )
to scraped maddesshifiten SERSQAMKOKEM h(Fvdrded)itted stirrer

eat exchangers
WhEFSF 8R4 DI F e ShakE Cecawatgdrdrationcont r ast

s or cooling disk

crystallizers, these apparatuses do not possess a device for preventing
| ayers of c%éftals from35 form ng on the heat-transfer surfaces. If,

during oper

§ ofrygtailiageitanni scarachlezb wher eefhectedi shaneeoltiagheat

transition dypdrmuthilie {,1MBLION &, | 8¥&FSrREing" VSt L3, PEERMES: exgessi ve,

t he conygntion procedure

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

25

30

35

be removed via scraped wall chillers connected to a
stirred tank or an unstirred vessel. The crystal
suspension can be circulated by means of a pump. A
further possibility is to remove the heat via the wall
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
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
forming on the heat-transfer surfaces. If, 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



0050/ 51363 16 is to switch over to a second apparatus. During the
‘operating period of the second apparatus, the first apparatus can be
regenerated (preferably by nelting the |layer of crystals or flushing the
appar at us wolfs o9 sungat urated solution). If the resistance to heat
transition in the second apparatus becqpes excessive, the procedure is to
swtch back to the first apparatus, and so on. This variant can al so be
operated wi £f nb? e SWikER t ABSBpF& afuFRCIne aPPBAKALISA. Ding the

crystal | i zabiperratamgal serbegefdectad bgeeeﬂaenég;@&%tuﬁa&@f@t F@nsef the
sol ution under reduced pr ure. The ff%ng? urd sep arat| on net hods known
per se are 2BBPEALYE G- g?fpa?‘%ﬁ‘?r?ﬁfat e e?‘?}djcﬁér by B EhBI the
capr ol act aml\allsne@rh leefs crnpastalld zesk ouf lusimimpe phef eapﬁéra}i’a@dl Wﬁgh of the
inventio crystals ¢ nbe separ rom.t he t er |liquo
fil tratléc:n an%/act):ruréz:nt%rl fsuogla " “Adv taﬁgl(?uslrxfe St nf(?fl‘f?ra%‘faﬁﬁ or
centri fugat itoansat ioa pIrece&ied sbe;corpi ehppamatysc drememesat erneskitbe
suspensi on, r I r y c

thdr prRmRLR Qﬁ]rﬁﬂ%%cak?e%%% JBr enbyei agy Jf.g,ﬁ%at

Centrifuges nown per se, W sé or confrnaoasty; are
sui t abl e foﬁnfih§°cé?ﬂf|'¥'1&§%1t V@ﬁlant‘— 28n; alpestbadrenardusl tlhy mgeepusher

centri fugesth\yﬁl ch wwan be ﬁ@_{iség’l onejQr nnggtéfﬁg@§on8cree@hgonveyor
centri ff‘? or helical- Conve or ntri guges édec are al so SUI t abl e.
at

The fil FGHS(FQ‘r]rlé&\?&ﬁP&ge 2R y’°‘ £f et nsCBT“’%GE%PBﬂ filters,
whi ch can bevapoapetahedfbahehwoda tdbont anidetuaeshy cdnpraisishrer. without a
stirrer, or by neans of belt filters. The filtration can generally be
carried out under superatnospheric pressure or under reduced pressure. 35
Duri ng and/ Bheafsekidhbigeld dsepguiat ioapanathods koo spen can beenade for

f urt helr Progeseaphersebe LO55PEEEng Neir it iy t R RI¥St 3b§Or cfLYSt 2l
caxe 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




one particul arly advantageous enbodi nent of the 0050/51363 17 invention,
the separation of the crystals fromthe nother liquor is followed by
washi ng and/ or sweating of the crystals or crystal cake in one or nore
stages. 5 | pgde/ sase3 of washing, the amount of washing |iquor should
preferably be between 0 and 500 g per égp g of crystalline product,
preferably between 30 and 200 g per g of crystalline product. 10

Sui t abl e wasHIYRR i Quor Sthft e sngaditd coy  iodor ghri cervegalds Bromi xihe es of

such |i qui dsmo&x@FPl 85uef 18T e&enwedw@ghw@ghhh%%&ﬁ/%? N9 iy Lfle case
where a I|qU|d dlluent has been used crystalllzatlon of step d),

said |iquid S ISRMRIEELS ¥ nBfYStRl 0% st PRaechraeketSedees ned in a
crystallization stage of step d), 20 c) a nother liquor obtained in a

crystal | PraciintiBacaBdeod; WBelling " aoinig Lanvpalonpediamar
apparatusesShﬂnﬁdwmreﬁerablmsbe &&mweun;Qnmnds@ﬁ@tgi§Eraﬂuan§aggous to
o ash, COTRal Y Bhokl8 .30 SERALALLRY BL AR der 4] HgE and o

washi ng take ace in one appar at ofer at ed
in one or ntﬁ%’f skQyes, Oﬁ)rcrs&tﬁ:ﬁaldnlrfe |Rreydialy. beIt filters. The washi ng can
be effected on centrifuges or belt filters in one or nore stages, it 35

bei ng p sible faqr. the shi ng I|quor to be conveyed in countercurrent to
t he cry %ﬂﬂ&é%%ﬁHKW%ﬁ. 18 1PAPEF cuRRPI yOFHaRhe cA%e éhorganic

crystalllzeumxnunddfunﬂ thiextures of such 1liquids, examples of
preferred washing liquors being

a) in the case where a liquid diluent has been used

15 in the crystallization of step d), said ligquid
diluent,

b) a melt of a crystalline product obtained in a

crystallization stage of step d),

20
c) a mother liquor obtained in a crystallization
stage of step d), or
d) a melt of an educt used in a crystallization stage
25 of step 4d).
The washing can be effected in apparatuses
conventionally used for this purpose. It is
advantageous to wuse wash columns, in which the

30 separation of the mother liquor and the washing take
place in 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.



addition of an aid, the washing |iquor can be recycled into the
crystallization, optionally after inpurities have been separated off. 5
Sweating is conventionally understood as nmeaning a |ocal nelting of

cont am nat edhgg} Pn$s3 The amount of sweating shoul d advant ageously be 0.1
to 90 g of nelted crystalline product r 100 g of crystalline product 10
prior to sweating, preferably 5 to 35 g of nelted crystalline product per
100 g of cryBREHIGHankbdirtthe| caps par cirysitadlly zptéber medhomtcartrey out

the sweatingaditCntoffugea e, Reld Jddd &5 114udBY8hSRePE lQpriate
to conbi ne washi ng and sweating in one 15 apparatus. Parti cul rI’y in the
case of cryst™iqi Z88i FFYF thbtt 23 hECD ad@PtioRadilvarr by  timpursttieas | i quor

can be recydleatk bedro ddimrdtwsd adif zation, optionally after inpurities 20
have beep separated off. Caprol actamcan be obtained in a purity of at

| east 99.90% by wei ght, preferably 99.90 to 99.99% by wei ght, by the
present proceesti2®y THe caproiedtiamadinai natdler drpdche gy ogrgniaecordi Nng to
the inventi n f i on_ of ol yami des |i ke

pol ycapr ol athQ)aC?ﬁai .Og%yEQQGB%QEQ%B%(E}?%?%.In?ﬂﬁo?%sg'es)sf%%ra’f‘%%mbr &far ati on
of capr ol actsfat ieersiqnlsl jarivian e eBis)y dber &t r o (PP gontfaimeilngd

6- am nocapr ithidtd1@ ine product per 100 g of crystalline product
10 prior to sweating, preferably 5 to 35 g of melted
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 liquor can be recycled

into the crystallization, 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

polyamides like polycaprolactam.




and water is reacted in the gas phase, in the presence of a catalyst, to
give a mxture (Il) containing caprolactam amonia, water, high-boiling
conponents and | owboiling conponents, b) ammonia is then renoved fromthe
m xture (I1)pod0y =i a m xture (111) containing capro- |actam water,

hi gh-boi l i ng conponents and | ow boilingy conponents, c) water is then
renmoved fromthe mxture (11l) to give a mxture (1V) containing capro-

| actam hi g% & 4a3Mf components and | ow boiling conponents, and d) a solid
(V) containing caprolactamis then obtained fromthe mxture (1V) by
crystallization, the proportion by weight of caprolactamin the solid (V)
bei ng greater tHan Hrpr?ctq%é mbour E18 vPrepargticscesd asa@ralasdam claim 1
wherein the 30 mihdnegim (1) additionally contains an inert gaseous

diluent. 3. A process as claimed in claim2 wherein titanium dioxide,

al um num oxi de or | ant hanum phosphate is 35 used in step a) as the

catal ytical ly actdlve aconpebené dfI)t heomiadahissd . 608HhDEIGZ0RQ trd1eA

process as clainmed in i erein_the | owboilin
conponents are separ at eg vg%tf&bgltgv\mére%aés %%SY\%I) £§%d9%f‘.pi§a§?'AlBr Sggss as
clained in any of clabR#f$sErce 3cofwher datalwsthi ghobodlveg acompanertes are

separated off between st)epSoftafiifing) cabroAaRiQGESSaftorti & Mgd LD any of

cl ai nB to 3 10 wherein the _lowboiling and hi gh-boiling conponéhts are
i% g éxgﬂjéﬁh comé%nents g and lgw—bggling

separat 88 of f bet ween "3
components,
b) ammonia is then removed from the mixture (II)

to give a mixture (III) containing capro-
15 lactam, water, high-boiling components and

low-boiling components,

c) water is then removed from the mixture (III)
to give a mixture (IV) containing capro-
20 lactam, high-boiling components and low-

boiling components, and

d) a solid (V) containing caprolactam is then
obtained from the mixture (IV) by
25 crystallization, the proportion by weight of

caprolactam in the solid (V) being greater

than in the mixture (IV).

2. A process as claimed in claim 1 wherein the

30 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
35 used in step a) as the catalytically active

component of the catalyst.



d). 7. Aprocess as claimed in any of clains 1 to 6 15 wherein the sum of
the contents of high-boiling and | ow boiling conponents, not including
water and any diluent present, in the mixture (1V) used in step d) is at
| east 100 ppmody,yeight. 20 8. A process as clained in any of claims 1 to 7
wherein the crystallization in step d) i'o's effected in the absence of aids.
9. A process as clained in any of clains"l to 8 25 V\/nerleln the
crystallizat4on il SOsFaPs | gsef¢beimedorim eoyl edf surifaioss od whbclB t he

solid (V) orous. Mrdidr 0sss1 a9 chalfeg bl ol abis Ltg g oqherel

t he not her
with the

s m xed

| i quor tai ned after the 30 cgstalllzatlon of _
eOT? )ep d). 11. A process as clained

m xt ur \DEHIRER 35RPBC) rRd

in any of claims 1 to 10 wherein the crystallization in step d) is

ef f ect ed5

10

15

20

25

30

35

355.bat%vmp§:%'cess as claimed in any of claims 1 to 3
wherein the high-boiling components are separated

off between steps c¢) and 4d).

6. A process as claimed in any of claims 1 to 3
wherein the low-boiling and high-boiling
components are separated off between steps c) and
d).

7. A process as claimed in any of claims 1 to 6
wherein the sum of the contents of high-boiling
and low-boiling components, not including water
and any diluent present, in the mixture (IV) used

in step d) is at least 100 ppm by weight.

8. A process as claimed in any of claims 1 to 7
wherein the crystallization in step d) is effected

in the absence of aids.

9. A process as claimed in any of claims 1 to 8
wherein the crystallization in step d) is effected

on a cooled surface on which the solid (V) grows.

10. A process as claimed in any of claims 1 to 9
wherein the mother 1liquor obtained after the
crystallization of step d) is mixed with the
mixture (IV) and recycled into step d).

11. A process as claimed in any of claims 1 to 10
wherein the crystallization in step d) is effected

batchwise.



