27 OCT 2004 Preparation of caprolactam The present invention relates to
a process for the preparation of caprolactam wherein 5 a) a m xtufdd Q07200
cont ai ni ng 6-am nocapronitrile ("ACN') and water is reacted in the liquid
phase, in the presence of a catalyst, to give a mxture (Il) containing
caprol actam ammonia, water, high- 10 boiling conponents and | ow boiling
conponents, a nia is then rempved fromthe mxture (11) to give a
mxture (11 P%)egggt%lﬁnhé’sfcgﬁp(ﬂo&&c&ﬁm wat er, hi gh-boiling conponents and

| ow-boiling 15 conponents, c) 20 water is then renoved fromthe m xture

(rrr) to g a_mxture (I cont ai ni.ng caprolactam high- boiling
conponent s g%% | 8RBT i n%n%%%ﬁb%nt%‘?l‘%rﬁ)s d)*% 8ol PECPERSS cdifttai #hegy
capr ol act ampirepelrert 1 cobtee negbriolemddne mibdraie (1V) by crystallization,

t he prop%)rtion by wei ght of caprolactamin the solid (V) being greater
than in the mxture (1V). 25 Processes for the preparation of caprolactam
are generaklly kmownmikture al 6D) gensirald inikipwn 6 -bal nexaprbe i kF9M
Ulmnn's 30 Enc(%(,cﬂc(rf?g,eidias%cpf %{ldustri al _Chemstry, StS, Ed., Vol. AS, VCH
Ver | agsgesel | schaf ¢ nbH, INT nfRrRY (&r MERANES9 986, thpageeuid.- phasgy

Ki rk- O hnmer, Encyiel opeeli prefetheniofala Fetabgkogy tAtdikd. a Mektude JOhn

Wley & Sons, Ne or ... page._ 8 t hat caprol actam used for the 35
preparation of pmlfﬁerégjnn%%%hnfge&ap%%f??ﬁa%f "YLd: Y8LEHo, PiEE-mmi n

i mpur it ¥0convent ikgidling lseimppngatter and low-boiling components,

b} ammonia is then removed from the mixture (II) to
give a mixture (II1) containing caprolactam,
water, _high-boiling components and low-boiling

15 components,
c) water 1s then removed from the mixture (III) 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 the
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, 5th 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
92.94%, 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 amount of 0.04 to 0.1% Oher inpurities nust only be present i?p@g 2(9[]&
anount of at nost a few ppm 270CT2004 2 Thus caprol actam can be prepare
by a Beckmann rearrangenent of cycl ohexanone oxine with sulfuric acid or
ol eum After neutralization of the resulting mxture with amonia, the
caprol actam can be obtained 5 fromthe amonium sulfate forned as a
by-product by extraction with an organkc sol vent. Depending on the

processes f e i of, .the ., educts used t repare the
cycl ohexano%rehl{%(li n%zéﬁ{s)g%%&g%ﬂlo &l olﬁ%xai%ﬁ?a&ﬁgi ha?]foxgl amPERSs Ul f at e,
and on the usannarigsmentd okacyahgeeratocendkimensithheudfude c gaprpol act am

obt ai ned by Becki®pn rea e ntains_different types_and anounts
bf inpuriti edg:. %pl cal i np%#??‘lgegﬁig{ﬁtg%g ég%éﬁpol ¢t a%?lﬁre &58d {915

Beckmann r edtirdntyerevii thr @r@omdiehy | Clag@r ochacbdretamb-amt hybv albeaahag am and

n-pentyl gcetgigdep)Mar c e Libed for, the pyrification of
crude caprol%(rzat am g}ét ai n'eg %ﬂa%%g%ntge{]nfgglzl‘rgganagsgwgntpyi%r&%%%?d g to
DE- A- - 12537 865t 1afd iy gl Wa o | eegami ¢ sgp besntpur i fi ed 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 caprolactamcan be purified
by hydr ogendSRANGINGusPetdicorRregessrs presdice mfepacat adrysofantieni th t he

addi tion of @W-u@&j%%géﬁ.?ﬁed@ﬁ@r E?‘éﬁoﬂe gﬁgﬁgsog(%né’?%uggir Lﬁl{si cation

of crude caprol actamin which the crude”caprolactamis St illed
and t heh%di SSETARREXFANCNE oRBANPY AT SBvIammoniyey gyeifater i and henprtésence of

a catal yst ajimation and rearrangement conditions, the crude
caprolactam obtained by a Beckmann rearrangement
contains different types and amounts of impurities.
Typical impufities 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 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

hydrogenating the crude caprolactam continuously in a



then treated with an ion exchanger. 35 According to EP-A-411455, thgs-l ol
I nportant characteristic quality features of caprol actam can be pr ep%&ﬂ
by hydrogenating the crude caprolactamcontinuously in a2 7 OCT 2004 3
| i qui d phase process. Crude caprol actam obtained by the hydrofornylation
of 3-pentenoic acid and/or its esters to give 5-fornyl 5 valeric acid
(esters) as main products and 4- and 33fornylvaleric acid (esters) as

by- products,y; §eparatd %?:g (these) branched fornylvaleric acid
(esters) by elxc?%%tllﬁgénso%%% 228) or distillation (WD 97/06126),

am nating hydrogenation of 10 5-fornylvaleric acid (esters) to

6- am nocapr qk id a r._6-Aam. no roic_acid am de, and
cyclization o%%amaﬂggg%‘rg%lé%' ac%?{(g é%tdgigs}? gﬁg %Y%OESE%TB?&%&F ani de,
cont ai ns ' otherentignekt acapurandésr LFsThestersi S:d(ngﬂ\ﬂeE.Eg-.fdxl’n?m_V\D

99/ 488675 Exgmisd. 4 cr lvze ¢rude.caprol act am obt ai ned fro
5-fornyl- valeric aci dcq'e%jt é%?ft%éjc#c)or&%ng Eégvﬁ)ggﬁ%%g%&aﬁa 1 ed$ from
m xtures of B-fowmokepkenc aci d&cisl ani tesapreic 20asci d yvgeodants,
correspondi ng U L HOIBE S DY i e a_cjﬂé [0 %0 weight of water. This
crude capr ol ac%m 7 om V\A‘llhté-% hig -%éo)i Plloﬁgﬁ%%%{l gv%\frg'b’:l%?ﬁlﬁr&Snﬁ&}&ts wer e
not separ at etEPeFoie &YyserFragnitnn, (WonOFi/088286346r ppthsafillation

N- et hyl capr gigct amg71Q 1M of 25,53 ayl.val erl 8 ppm of

val eranide and_other inpurit’ies. '?’ éﬁg%géé capr (glg‘%ggr%%\g OeI? mel t°fvvas
honogenitfed 2SOy bl eheh @soickhd (est80s) The Graminveamtvih @modd pit at ed

out were fil{esesksoff &l/or 6-aminocaproic acid  amide, and

cyclization of 6-aminocaproic acid (esters) or
b-aminocaproic acid amide, - contains ‘other typical
impurities. '

15
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
9, from mixtures of 6-aminocaproic acid, 6-aminocaproic
20 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
25 5S5-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 agueous caprolactam. The

30 5-methylvaleroclactam 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 wvolatile bases (VB) was only
35 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, Example 3, the caprolactam vyield after



washed 2 to 3 tinmes with aqueous caprol actam The 30 5-nethyl val er oZa}mmﬁ
and val eram de contents were reduced to 1 ppm and the N nethyl capr 6l
content to 51 ppm 33.7 g of pure lactam were obtained from 73.6 g of
crude |l actam (caprolactamyield: 45.8% . The characteristic of the

vol atil e bases (VB) was only 35 achieved by a second crystallization. If

hi gh-boiling and | ow boiling conponentd were separated fromthe crude

caprol act am i i according to WD 99/48867, Exanple 3,
t he caprol act Q{'ﬁﬁeﬁiy%%%# é@éo%nrﬁom 4 crystallization was 52% It is

further known from WD 99/ 65873 sel ectively to adsorb caprol actam from

m xtures w th 4-.et hyl - p id - et -5 per.idone - et hyl - 2-
pyrrolidone gtnd l%{ nﬁ‘ﬁéf‘gﬁ )&EIE)% dg%gmofwggt%%ysosr%og pﬁgpigfitﬁgeiﬁ adSor bent s
li ke activatadsewpbosapnrdlestdmar §romes mixtzects t ewith gidecefiuyb-2-

caprol actam ,af 461 46597 Pt | on.sgqrp‘%%e;%’%ﬁoﬁé@i%n apr ol aC#—am%]:?fJg-rﬁlg be

fol | owed by crystaf ization fro crystallizatio

solvent. |t Perroii@dereknand t é-p@thiv -2y igreyrsidains zaid omctatydis -

capr ol act am yhj i starting f =AanLno 1b.capronitrl is first

hydr ol yzed V\nﬁ\?%ﬁ%vza%er tqéHG- aém@%\r%]g%%?%lgc ag}%g ac%%%l‘féﬁtgé‘flo \@5%9%’7063,
claim8. WwihnelegnlaamPdEvest whredeby ihedr dlysgivar purisercasepbacttad of f |
the 6-am nocapf 8} C REAJrAliRd | &h; ey dd i @and, t ’ m
obtained is 20 crystal Ipirzed accor di n(gé,to V\p@lgtg? 4§§6$a¥)%§)&r%o gg{ Zér;ﬁ}rgan al so
be obtaitfed B r E8LLPWEAACKEYN tFrYSRREFLZatIPR | Eqand- shese malt t hexr
presence or abgepgelightokatabysh, swibbnihe rel ease of amonia. 25

It is further known to purify, by crystallization,

crude caprolactam which, starting from 6-amino-
15 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

cyclized and the crude caprolactam obtained is
20 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
of a catalyst, with the release of ammonia.
25

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

30 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-
boiling component and high-boiling component from a
35 mixture obtained by reacting ACN with water and

solvent, a crude caprolactam is obtained with a purity
of 99.5%.



In addition to caprolactam water, ammonia and optionally another Ligquid
diluent, the m xture obtained in this reaction contains inpuriti eszggéjdmrﬂ@j
above caprol actam ("hi gh-boiling conponents”) and inpurities 30 boiling

bel ow caprol actam ("l ow boi |l i ng conponents”). It is known fromthe Exanple
In US-A-496,941 that, after the separation of water, solvent, anmoni a,

| ow- boiling conponent and hi gh-boilingsconponent froma 35 m xture

obt ai ned by cti with water and solvent, a,cryde caprolactamis
obt ai ned wit t%%rptﬁr%@%ofoéfg%gﬁmge %ﬁ‘éFlﬁEahE% gf CEYARf i cati on
are descri bespirorl st debt aiaped| ficorai ACN obhathed 18 gatrdAGNake shacki qui d

phase since .;the.l Lt LEes . s type of _.crude caprolactamare markedly
different from thﬂgér@%%s‘ggcrlﬁlge%é%ro & afif 5 c&tﬁ’t%ﬁ nePbY Bt HeR FrScesses,
as descri bedidinked)s Ad5£468e841. ftam athosst & ep, @cwds dicagribQactam

US- A- 5, 496, v 'S ony, to. caprolactamin the |iquid phase, |ow
10 boi | i ﬁg c%gj]rrtﬁ&'r%legr:éf s, b\ﬁgt ero,etrﬁae%gon%arog% Spti ondTy eﬁqu%se%I vernf’s are

si mul t aneoudISyr2edpdh%t.&fof 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 wt Franaadiidist | shepexdvangsting sal UR-AcSadidd ,&dd ,t heCNedsl ti ng

product is i sidddRf iyt of .a e.; MD 96/ di scl oses a
met hod of purifying crude G%ﬁ%ﬁ%r%g%gctgﬁl o??%i n%ljy%llgéf %%%%w Ii%&'ui d phase
cycl i zatPon ksl loinghi sryeeenemi 2 + | Veter t hamaesiai andheptpreséddye oghex sol vent

and het er ogenieausn (At @y Sk smul PanbBhg1§a88pabhtda 6211 OhAGHAN,S sTiy St
hydrogenaIEH%omponents are separated off to give a crude capro-
lactam with a purity of 99.5%, this crude caprolactam
is hydrogenated in the 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 ligquid 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 1in the presence of alkali. The disadvantage of this
method of purification is that three separate reaction

steps are required to prepare-pure caprolactam.

Said methods of purifying crude caprolactam prepared

30 from ACN have the disadvantage of being technically
expensive and energy-intensive, especially on account
of the numerous separation steps.

It is an object of the present invention to provide a
35 process which makes it possible to prepare, in high
purity and in a technically simple and energy-saving

manner, caprolactam which has been obtained from ACN in
the liquid phase.



then treated with acidic agents and finally distilled 25 in the preagnce of
al kali. The disadvantage of this nethod of purification is that thdeellT 2004
separate reaction steps are required to prepare pure caprolactam Said

met hods of purifying crude caprol actam prepared 30 from ACN have the

di sadvant age of being technically expensive and energy-intensive,
especially on account of the nunerous tseparation steps. It is an object of

t he presentykn L0 r eyi.de . 35 S i nmakes, it possible to
prepare, | nwﬁi \gqﬁgl%%r ﬁ%{ﬁqécgd%ﬁnaqa t@}e% ni g%?%‘g%si ]\'r/r@i)l (é;arke?nlc?veenderéy- savfng
manner, capPB&PaecaEnf®fALBRIhas bhenoobsatned from ACN in the 1iquid phase.
27 0CT2004 6 W have found that this object is achieved by the process
defined at the outset. In step a), a mxture (I) contai ning 6-am nocapro- 5
nitrile, watBr 8R8Popll ond | Wixtegied dilllueAentsivanger 6eaminotaprdi quid

phase, i thecpresencesafe saki d i prRrot esohhg reaction

catalytically, to a_ mxture (l]) containing caprolactam annnnla,smater
optional 'y FPRUPHEEA udht thei ghi®Beidi Biasenpoentthieandresentewdfoi &i ng

conponent s. sthedAGMIAIUbFEFot8E HHRD :?éa@@szbecgfeta@&'ﬂ?a@afﬂ?ﬁ” to a
adi podinitril, enerajlg'knomn fromU | mann's™ Encyc opeéfa of

e, as i .
| ndust ri al @ﬁ@ﬁ?§?ry?lgfh WPtazping psaprrp laghager | agBigasdal | seaset. mbH,

Vei nhei m ( Gepranyh] 14986, quiphge; Hen | OhiBh-Bartiiew afdnpauH@Prilge here
is the ﬂ@rt&%%_ %éghétic h drogenation of adipodinitrile in the presence

of 20 anmonia’a ntCIRE"ERTS i n the presence of rhodium on nagnesi um

oxi de (US-A-4,601,859), Raney nickel (USA-2,762,835, WD 92/21650) or
ni ckel on alymi nyay required for step a) can be obtained from
adipodinitrile, as is generally known from Ullmann’s
Encyclopedia'of Industrial Chemistry, 5th Ed., Vol. A5,
15 VCH Verlagsgesellschaft mbH, Weinheim (Germany), 1986,
page 46, Fig. 8.

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

20 ammonia as solvent and e.g. in the presence of rhodium
on magnesium oxide (US-A-4,601,859), Raney nickel
(US-A-2,762,835, WO 92/21650) or nickel on aluminum
oxide (US-A-2,208,598) as a suspension catalyst or
Cu-Co-2n spinel (DE-B-954416, US-aA-2,257,814) or iron

25 (DE-A-42 35 466) as a fixed bed catalyst, or a process
according to US-A-2,245,129, US-A-2,301, 964,
EP-A-150295 or FR-A-2 029 540, or a process described
in US-A-5,496,941.

30 The adipodinitrile required for this reaction is
prepared industrially, e.g. by the double hydro-
cyanation of butadiene in the presence of nickel-
containing catalysts, and is commercially available,
e.g. from Aldrich-Chemie Gesellschaft mbH & Co. XG,

35 Steinheim, Germany.

The conversion of the mixture (I) to the mixture (II)

can be carried out according to FR-A-2029540 in the



oxi de (US-A-2,208,598) as a suspension catalyst or Cu-Co-Zn spi nel

( DE- B- 954416, US-A-2,257,814) or iron 25 (DE-A-42 35 466) as a fi xed /b 2004
catal yst, or a process according to US-A-2,245,129, US-A-2, 301, 964,

EP- A- 150295 or FR-A-2 029 540, or a process described in US A-5, 496, 941.
30 The adipodinitrile required for this reaction is prepared industrially,
e.g. by the double hydro- cyanation of Butadiene in the presence of nickel-

cont ai ni ng , d i i al aval I e. from .

Al dri ch- Checn%?%@%&efge I sg af tcsar%(l—ll% (% Kgﬁe 3? gel n & m g%%‘ijnar%fmﬁne
conver si on dtetde ¥ xElir Y | Cu oronWdeni xewr &hel | yxidas, bélyc;h:lm-:iieréslout
accordi ng t o, FAR-fs2088540Q 4 dlke ¢ 7 ok 2004 17 _ Pr f cat sts,
t he catal ysts, used bei ng:granet, t<'§1EI%I i%f ZﬁQgrga&)%Rbov]\kfgrdqo(rarﬁ%ﬁ(‘ggr i Es,t%ey
hydr oxi des, eRisHes of ajanidesuvgoansil uhp BOadr st cuvy48: t IThe

el enent ss0f o 1M s WIS Sr 2ed 0230 Qe 9atsg Sg‘% gg]ggoﬁ %%ttgllg(%tet% gLascri bed

are used as suspension catalysts in stirre . aves oper chw se.
A process dedc¥ iR WA aNes eenated U ipclBw S99, 324 or WO 59/ 14665 i s
particularly preferred as step a). 10 In these processes, the reaction is
carried out in the |Iliquid phase at tenperatures %ener ally of 140 to 320C,
preferably df PEOCESS28ERSCEHEPr édsuPe-Rahglés. Jéher A9 -fr.dM9L 328 250

bar, preferabtywd rommdes s Jﬁ&:@@éuléf%b%f@féﬁg@@sggyﬁ@pqn)syre that the
reactio m xture is predomnantly liquid under the conditi'ons used. The
residengé2 times range generally from1l1l to 120 mn, preferably from1l to 90

m n and particuthesy ppoetesably theomdadto &) M ncaRestdenge tiymegof 1 to
liquid phase at temperatures generally of 140 to 320°C,
preferably of 160 to 280°C; the pressure ranges
generally from 1 to 250 bar, preferably from 5 to

15 150 bar, it being necessary to ensure that the reaction
mixture is predominantly liquid under the conditions
used. The residence times range generally from 1 to
120 min, preferably from 1 to 90 min and particularly
preferably from 1 to 60 min. Residence times of 1 to

20 10 min have proved totally satisfactory in some cases.

The reaction can be carried out batchwise or,
preferably, continuocusly. Suitable reactors are a
stirred tank, an autoclave or, preferably, a multitube

25 fixed-bed reactor. Combinations of such reactors are
also possible.

The amount of water used is generally at least 0.1 mol,

preferably 0.5 to 100 mol and particularly preferably 1
30 to 20 mol per mol of ACN.

Advantageously, the ACN is used in the form of a 1 to
50% by weight, especially 5 to 50% by weight and
particularly preferably 5 to 30% by weight solution in
35 water (in which case the solvent is simultaneously a
reactant) or in mixtures containing water and a liquid
diluent. Examples of ligquid diluents which may be
mentioned are alkanols such as methanol, ethanol, n-



20 10 m n have proved totally satisfactory in sone cases. The reactggnwﬁ%ﬂm
be carried out batchwi se or, preferably, continuously. Suitable reactdr's
are a stirred tank, an autoclave or, preferably, a nultitube 25 fixed- bed
reactor. Conbi nations of such reactors are also possible. The anmount of
water used is generally at least 0.1 nol, preferably 0.5 to 100 nol and
particularly preferably 1 30 to 20 nol 8per nol of ACN. Advantageously, the

ACN i s used jn;the to 50%hb i ght, especially_ 5 to 50% by
wei ght and d&t?&ﬁ%%%%r %Tner dbry 57t (?%%b uﬁ%’?%ﬁt 58 MPil_én SYF1B5 wat er
(in which cae thbadivieneis siyadl anems! y @etﬁmf I}alrgn_)edo(rj_gllrydalx,t%esh
cont ai ni ng I QUi I luent .. Exa S 0 I qui I luents I C
may be nen}tq?%cﬁlreod ar e&é kgﬁ% sa%u etarso%’%ﬂggg ST ot P&ﬁ‘gfa?en FOAYSTRET 2004 8
and i - propar@id axyllene, | laahams - buthnals, pyalnpdlisiosec by afapd:icﬂtdb/dag(ne gl ycol
and tetraget hyl,ane d rhons_such_as petrol eum et her, benzene,

t ol uene gancr}ylxg;l en%g%%%%#sggﬁﬁgggpysﬁo i 88né*‘06‘}e e LR 81 1 ek

al kyl - subst iN-uetthy keapmslactdmas Nemet hy Nppthellicdpmelachamet hyl eajer ol act am

or N-ethylc ar ' st pref erabl hose af
car boxylic Z%[%s g{/% nggg?%gr'n' lg?é%kébg‘t{oﬁégsﬁnﬁ%nicgr?)act%‘y;!lé:o 3535y esent
in the reacthaningx foemw sé, te i% & saté@spossidnrertia usenm xI sk e&:e;)fl y I
organic |iquidegidents. M XtLLes, wat ernan Hﬁpol s Jn.a water/al kano
wei ght rati o%of 1- 75/ 25-99, prfé% era 1-31/ 1- 509%0%_%1, dve * ee% sﬁ&\ﬂ? to be
parti culldr| PeRRAEM fgétusuish Forturessesf Irdaniw i htgpid, ditluenteqgual |y
possibl e to mseides AQE aSyater and alkanols in a water/alkanol

weight ratio of 1-75/25-99, preferably 1-50/50-99, have

been shown to be particularly advantageous in some
cases. '

15

In principle, it is equally possible to use the ACN as
reactant and solvent at the same time.

Examples of heterogeneous catalysts which can be used
20 are acidic, basic or amphoteric oxides of the elements
of main group II, III or IV of the Periodic Table, such
as calcium oxide, magnesium oxide, boron oxide,
aluminum oxide, tin oxide or silicon dioxide in the
form of pyrogenic silicon dioxide, silica gel, kiesel-
25 guhr, quartz or mixtures thereof, and also oxides of
metals of subgroups II to VI of the Periodic Table,
such as amorphous titanium oxide in the form of anatase
or rutile, zirconium oxide, zinc oxide, manganese oxide
or mixtures thereof. It is also possible to use
30 lanthanide and actinide oxides such as cerium oxide,
thorium oxide, praseodymium oxide, samarium oxide, a
rare earth mixed oxide or mixtures thereof with the
abovementioned oxides. Examples of other possible
catalysts are:
35
vanadinium [sic] oxide, nicbium oxide, iron oxide,
chromium oxide, molybdenum oxide, tungsten oxide or

mixtures thereof. Mixtures of said oxides with one



reactant and solvent at the sane tine. Exanples of heterogeneous ca?aﬁgﬁfmm
whi ch can be used 20 are acidic, basic or anphoteric oxides of the

el enents of main group Il, Ill or IV of the Periodic Table, such as

cal ci um oxi de, magnesi um oxi de, boron oxide, alum num oxide, tin oxide or
silicon dioxide in the formof pyrogenic silicon dioxide, silica gel,

ki esel 25 guhr, quartz or m xtures theregof, and al so oxides of netals of

subgroups 11_taqo.VI_of the Periodic.Tghle, _such as_amrphous titani um oxide
in the for maoqoota}hea’f aS&° o?fﬁ%t'rplo ,Sl%ﬁreconi GRSk ﬁ‘é}%%ijﬁéioﬁﬂé%n%anese
oxide or mattdir eeliiheidet, Idudis assaipessidl Putpisisetdq |antdhanide and

actini de oxi s_ceri.um oxi de t hori .QXxi de, . praseodym um oxi de,
samari um oxi@%ﬁ%ar esgzﬁgﬁem %‘Hj%%% BPEELaFur%édt ﬁg?e(ﬁu]\/ﬁl’cdr?st he
abovenent i orefll roildel, Exanpded dirathen, pessidleo vatabygts are; 35
vanadi ni ym [si c] oxide, niobium oxide, iron oxide, chrom um oxide,

nol ybdenum oxi de, tungsten oxide or mxtures thereof. Mxtures of said
oxi des with Tre 2b0VECRIA0Ghdé awopoamdar e cahsobposdbhee. WOk, sy i des,

sel eni des uri h zinc telluride, tin, sel enide,

nol ybdenum :ét}ﬂ?tf’%{eﬁ tt?(rq)g toé%l%%ul ??dem%lﬁ-bl BREVEF £ fqed of/ T C(Rgl th& nc and
chrom um caferdedidelaikel. 5 The abovenentioned conpounds can be doped
with, or contain, compounds of main groups |I and VIl of the Periodic
Table. 10 Ot her suitable catal ysts which nay be nentioned are zeolites,
phosphatl@s dieheret drndpabiaci detadystel |whasch aciadi cbendnehkbdned iz
exchangers |38 Nads ONphosphates and heteropolyacids, as well as

acidic and alkaline ion exchangers like Nafion.

These catalfsts can optionally contain up to 50% by

15 weight in each case of copper, tin, zinc, manganese,
iron, cobalt, nickel, ruthenium, palladium, platinum,
silver or rhodium.

Particularly preferred catalysts which have very high
20 conversions, yields, selectivities and working lives
under the above-described reaction conditions are
heterogeneous catalysts based on titanium oxide,

zirconium oxide, cerium oxide and aluminum oxide,

especially titanium dioxide. They can be used in the
25 form of powders, chips, grit, strands or tablets
{produced by compression). The form of the oxides

normally depends on the requirements of the particular
reaction procedure, powder or chips being used in
suspension. In the fixed bed procedure, it 1is

30 conventional to use tablets or strands with diameters
of between 1 mm and 10 mm.

Aluminum oxide is suitable in any modifications which

can be obtained by heating the aluminum hydroxide

35 precursor compounds (gibbsite, boehmite, pseudo-
boehmite, bayverite and diaspore) at varying
temperatures. These include especially gamma- and

alpha-aluminum oxide and mixtures thereof.



These catal ysts can optionally contain up to 50% by 15 weight in e%fp Eﬁﬁﬁ
of copper, tin, zinc, manganese, iron, cobalt, nickel, ruthenium o ‘
pal | adium platinum silver or rhodium Particularly preferred catalysts
whi ch have very high 20 conversions, yields, selectivities and working

| i ves under the above-described reaction conditions are
catal ysts based on titani um oxide, zirlgpni um oxide, ceri

al um num o\ﬁgq,lee o L5P8 |@A¢y titanikum di ox
form of powders, chips, Qri

het er ogeneous
um oxi de and

n be used in the 25

de.
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conpr essi on)indiheldurIn atidde>os0dedy noxingid )y, depeadsianuibe ofeqa enent s
of the parti act 1 on_pr dure, paowder aqr chips being used. in
suspensi on. ﬁ%lgﬁ%eéﬁ%g{dé%egg%rg%%édufg, "'fci'fl ei% 565EonvEnt f&Hal ©t o e

tabl ets or stharsieentiidned amretdes shbéubdt heerddinmmyame i tnmoe rAlagmznum

oxi de i scsui insa ificatjons. . mhich. can_be aobtained hy heating

t he aIunPnué%ﬁ%gﬁa%g%eggggggggdrs%? 8%ﬁﬁbungssfgi5%%it OSSR €% seudo-
boehm te, baytrdes el bYeaspplépdattoasyineghahénpiigt anes.chBrdsalilncl ude
especially ha- 1.num oxi and m xtures_thereof. 270CT20N
10 The oxi ges caena%%%%e% ﬁ\ﬂ#ﬁ%m%ﬂ?oéri?nm(@bn?%ﬁa%? #h2® - i ndi vi dual
"oxide > 80% by weight), as a m xture of the abovenentioned oxides, in

. f i ' h .>80%.h i ght,
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or as a 5 supported catalyst, Tn whic
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i oXi de by the

10 from aqueous sol utions, e.qg. titanium

pyrogenic preparation of fine aluminum oxide, titanium

dioxide or zirconium dioxide powderk,
commercially available. '
15

which are

A choice of several methods is available for the
preparation of mixtures of the different oxides. The

oxides, or their precursor compounds which can be

converted to the oxides by calcination, can be prepared

20 e.g. by joint precipitation from solution. A very good

distribution of the two oxides used is

obtained by this method. The oxide or

generally

Precursor

25

30

35

mixtures can also be obtained by precipitation of one
oxide or precursor in the presence of the second oxide
or precursor present as a suspension of fine particles.
Another method consists in mechanically mixing the
oxide or precursor powders, it being possible for this
mixture to be used as a starting material for the
production of strands or tablets.

In principle, supported catalysts can be prepared by
any of the methods described in the literature. Thus
the oxides can be applied to the support in the form of
their sols simply by impregnation. The wvolatile
constituents of the sol are conventionally removed from
the catalyst by drying and calcination. Such sols are
commercially available for titanium dioxide, aluminum

oxide and zirconium dioxide.



sul fate process, or by other processes such as the pyrogenic prepaéa%tﬁq
of fine alum num oxide, titanium dioxide or zirconium di oxi de powder''s, 004
which are commercially available. 15 A choice of several nethods is
avai l abl e for the preparation of m xtures of the different oxides. The

oxi des, or their precursor conpounds which can be converted to the oxides
by cal cination, can be prepared 20 e.g.llby joint precipitation from

sol ution. A,yer 0 j i i one of _the.two.oxides ed is _generally

obt ai ned byA¥%Féé%?3%§ﬁgh$%e gg&déﬂ%ra%gg%h?%o}ayﬁfitﬁﬁist %nagF§Hebe
obt ai ned by opiideispiacatsigt ofirorkydioxlyeing prepursbyzingt beganesenee of the
second oxid r e esen S ion_of fipe particles.

Anot her net%8§§€%%§thggﬁé8%%§%¢nicaFﬁ% ﬁ?xﬁﬁg%gﬁg 8§Pagrgr(%Véchsor
powders, it clogiteg posiditbl e f orhimhi slayext upg t bibenised dsoaidear biyng

mat eri al g f ok, A 1 R duct i gt ran S. I n_principle,
supported caygiysygﬁggﬁ béggﬁg%a?id bggoéégégfgfée ng hodggéggcribéd in the
literature. aifeXidafe oXtdesr an t9d ppldrmbursis e esdbidnt zartheyllor m of

their sols SRIMJAY, | ARLAYARR Ak v I v%]Infg [ Egrg,gmcgﬂg;liat%e’nt nekthe sol
are conventignally renoved from the catal yst by drying and calcination
Such sol s afdiaconmrerddEtasley S RIBPELS or 2¥ ¢t aRPUdRYs oxi d6rantiani pum oxi de

and zi rconi waliad de 2l 0T 2604 hefiRiRals PgBS ! & Weayr 0L aBALYI NG

ayers e .active.. oxi des consists.in hydrolyzing or pyrolyzing organic

or ino %aMQ§Qﬁ%%thH§.S#ﬁh§°% %éPéﬁﬁ@-suﬁ&ﬁtsQﬂﬁP%kﬁ %%%@e@amﬁgﬁ a thin

| ayer of titianiainmatoxpdeoby form in order to improve the material
transport.

In step b), ammonia is removed from the mixture (II) to

15 give a mixture (III) containing caprolactam, water,
optionally liquid diluent, high-boiling components and
low-boiling components.

In principle, the separation of the ammonia from the
20 mixture (II) can be effected by methods known per se
for the separation of materials, such as extraction or,

preferably, distillation, or a combination of such
methods.

25 The distillation can advantageously be carried out at
bottom temperatures of 60 to 220°C, especially of 100 to
220°C. The pressure, measured at the top of the
distillation performance ([sic), is conventionally set
at 2 to 30 bar absolute.

30
Suitable apparatuses are those conventionally used for
distillaticn, for example the ones described in
Kirk-Othmer, Encyclopedia of Chemical Technology,
3rd E4d., Veol. 7, John Wiley & Sons, New York, 1979,

35 pages 870-88l, such as sieve-plate columns, bubble-cap
columns or packed columns.



5 hydrolyzing titaniumisopropylate or other Ti al koxides. O her Sﬁitﬁﬁjﬁ
conpounds are Ti Cl4i zirconyl <chloride, alumnumnitrate and ceriu ] 2004
nitrate, inter alia. Suitable supports are powders, strands or tablets of
sai d oxi des thenselves or of other stable 10 oxides like silicon dioxide.
The supports used can be in a macroporous formin order to inprove the
material transport. In step b), amonil& is renoved fromthe mxture (I1)

to 15 give it Jan € i i o] tan1 mater ionally
l'iquid d|Iug%éﬂq¥éqf%¥aqléﬁ]éﬁﬁé&%eﬁ s§§8% EP% ﬁﬁagoﬁgéH@HFs I n
principle, Wm@ﬁar%mmrﬁ.ofbum@daﬁmma%mﬂm t:he a mngbe ureel i) can be
ef fected by nethods known per se for the separation of materials, such as
extraction or, preferably, distillation, or a conbination of such

met hods. ZSIDheS@?BtKJ:atW@ﬁeta@ﬂdbvqmtag@@thyJbﬁnnairﬁeﬂuemtsaarebotton1
tenper at 4r es-4fo R0y tPr&ROGhee%H‘%éEﬂjé y(ﬁI)J‘OQOET%&éYe%Z aC %QEuPéest&W

nmeasured at the top of the distillation perfor
convent i onaldop team ing ZFQQfQiﬁQﬁﬁmabsbi@heb03blﬂﬂltabmaoappasatasds are

t hose convemdwmygﬂ3&¢$ nerdistillation, for exanple the ones described
in Kirk-Ohner, Encycl opedia of Chem cal Technology, 3rd Ed., Vol. 7,

John Wley & Sons, hbm/Ybrk 1979, 35 pages 870-881, such as sieve-plate

col ums, bUQ@‘%‘Eﬁhuf@'&ﬂP@eﬁ% PREKSEes 0L HBHS in?stel &) %@Q% rl2ngthe
distillation can be_carried out .in several col ums, suc , but

advant agBousiiuif ad3ingre &Grunke FﬁP§Fé§eé)Oﬁ&uéimﬁhﬁaﬁﬁ@V%hﬁlmwI|qU|d

diluents aretep c) or the water can be separated off before or
after the liquid diluent.

In principlé, the water can be separated from the

15 mixture (ITI) by methods known per se for the
separation of materials, such as extraction,
crystallization or, preferably, distillation, or a
combination of such methods.

20 The distillation can advantageously be carried out at
bottom temperatures of 50 to 250°C, especially of 100 to
230°C.

Suitable apparatuses are those conventionally used for
25 distillation, for example the ones described 1in
Kirk-Othmer, Encyclopedia of Chemical Technology,
3rd Ed., Vol. 7., John Wiley & Sons, New York, 1979,
pages 870-881, such as sieve-plate columns, bubble-cap
columns or packed columns.
30
The distillation can be carried out in several columms,

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

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



5 renoved fromthe mxture (I11) to give a mixture (1V) containing

caprol actam hi gh-boiling conponents and | ow boiling conponents. | 2 ]R0CT 2004
liquid diluent has been used in step a), water and 10 liquid diluent can
be separated off sinultaneously in step c) or the water can be separated
off before or after the liquid diluent. In principle, the water can be
separated fromthe 15 m xture (III) bﬂ3rethods known per se for the

separation r' a ractlon tal i zati on Qr, .
preferably, d‘?é@% o?fﬁgﬁpg S(c Tat |%tf’1r%?u% ﬁh?hﬁ&?p "The
distillationigan a@@m@tr:agamsl yobe warmla outglfét bbét ormduﬁlnzaﬂqtﬂr?f es of
50 to 250C, y 230C e apparatuses e those
conventiona” giﬁéﬁ* 25 é?d|§¥K1la %hSE# 1%%an%ﬁg PPRED neggﬂéécrlbed in
Ki rk- Qt hner a%rw@gﬁmwbyof @hleymi caﬂ:he'l'ecﬁ'nroj}oq:;qﬂﬁigi Ed:qmp\(fdent& i]ohn
Wley & §on e ve-pl ate col ums,
bubbl e- cgp %?ﬁlﬂﬂw d$ %%%Eﬁgrco?%%§g§1%§%§$n% msﬁg?Pg ?Eéﬁ? &Farried
out in sever@te cohighsboidioh as@mesit bufsadilamaagleoqgixytﬂdtlaﬂwgl e
colum. A hegg % | t g e a f ot vater a

optional ly the 11quid ue%lﬁi?sg%%r ?ng%u gg?yggprce?n &g TS? r@@l’%’_& 13
Before the ﬁ?%%t#%ﬁ(ilﬁ)ls introduced into step d), it is appropriate to
separate off the low boiling conponent [sic] and high-boiling conponent

[sic], _advantageously only the high-boiling conponents 5 especially
nei t her 1ohe Fow beI? i ngl @bTRONEHID [ si@qmeients  and . high-boiling

componenits are separated from the mixture, the low-
boiling components can be separated off before, after

or together with the high-boiling components.

15 In the case where the low-boiling component ([sic] and
high-boiling component [sic], or only the high-boiling
component [sic], or only the Ilow-boiling component
[sic], are separated off, the separation can be
effected in principle by methods known per se for the

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

The distillation can advantageously be carried out at
25 Dbottom temperatures of 50 to 250°C, especially of 100 to
230°C. The pressure, measured at the top of the
distillation performance [sic], is conventionally set
at 1 to 500 mbar absolute, preferably 5 to 100 mbar
absolute.
30
Suitable apparatuses are those conventionally used for
distillation, for example the ones described 1in
Kirk-Othmer, Encyclopedia of Chemical Technology,
3rd Ed., Vol. 7, John Wiley & Sons, New York, 1879,
35 pages 870-881, such as sieve-plate columns, bubble-cap
columns or packed columns.



t he hi gh-boiling conponent [sic] and particularly advantageously o Iy[ﬁqﬁ
| ow- boi | i ng conponents fromthe mxture (I1V). 10 If the Iow—boiling70 04
conmponents and_. high-boiling conponents are separated fromthe m xture,
the low boiling conponents can be separated off before, after or together
wi th the high-boiling conponents. 15 In the case where the | owboiling
conponent [sic] and high-boiling conpongnt [sic], or only the high-boiling

conmponent | only the | ow boiling cqonponent [SIC] are separated
of f, the sep%?%tu%r??;rg%%l%f &% e§ PR %&ﬁlH& pP&Lpythet oy hiekirnper se
for the 20 swapmemﬂsotaﬂaw|cmzs;1@dncdsm@slﬁxts@@@&aqn,colciﬁ&f§ aldjzation
or, preferabl i I 1.at] i nati on of such npethods. The

%, dlst% t

distillationtan Fdvantay o%@V?nB%gE%P? ¥diBuk S+1958 BOLEBM t enper at ur es

of 50 to 250C, especially of 100 to 230C. The pressure, measured at the top

of the i St} IIat .0 rfornan e [sic conv i opal | e at, 1 to 500
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described in brk-Q hner. EnQcyc edi a, of ., Chem cal Tech ol ogy, 3rd Ed.

Vol . 7, Johna§$%e9rg§sg§%F %£&¥9%?§e°&§%§ 1558, 53RI1 8762894 - such as

si eve-pl ate col ums, bubble-cap colums or packed colums. 270CT2004 14

The distillatjo par at i ff t | Qw- ents -can be
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crystallization, the proportion by weight of

caprolactam in the solid (V) being greater than in the
mixture (IV). )

15 The sum of the contents of high-boiling and low-boiling
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
weight, particularly preferably at least 500 ppm by

20 weight and especially at 1least 1000 ppm by weight,
based on the mixture (IV).

The crystallization can be effected batchwise or

continuously.

25
The crystallization can be effected with the addition
of an aid such as an organic or inorganic liquid
diluent, for example water, but preferably without the
addition of an aid.

30

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

35 fractional crystallization.

In the case of fractional c¢rystallization, all the

stages producing a crystalline product (caprolactam)



conponents can be carried out in several colums, such as 2 or 3, But(CT 2004
advant ageously in a single colum. In step d), a solid (V) containing
caprolactamis 10 obtained fromthe mxture (1V) _ by partial
crystallization, the proportion by weight of caprolactamin the solid (V)
being greater than in the mxture (1V). 15 The sumof the contents of

hi gh-boiling and | owboiling conponentis, not including water and organic
diluents, in.the mxture (I used in step d) is advantageously at |east
100 ppm by WEGH | 1Hr &S0l Fhapo ByLthal grudsarPT @R aF | f cxieRer abl y
at | east 50Qagpmolact2iivwei ghé adenespecbahl yyat cheas 1009 iFRMaRY opei ght,
based on the m xture %IV). The crystgl@l I zation can be effected batchw se or
cont i nuous! Y 2885The 8B 525t | (A% | BFNEXn BE2ERFed%RI WORWERd ORAdilyi on  of

an aid such cad lasd ongafircimy ist@g@ani ¢ | imui d s diddierfab1feor Hexanplg wat er,
but prefgrabl wi.thout . the addition of an aid...30 The crystallization can

be ef f ec?ed FATIGHE FUhbt 2E29¢ aBESCCSEER ACGUSI I NGhrkR Ref GPUNSLEges,
preferably aneesttagprihniphet hesherreher r ad rerboghaertryef alihe zaawant i on,

the crystall.i zation cap_be effected a 5 fractiqgnal crystallization. In
t he ca)slz of # a@lfalcg’nafsg?:?‘%tatlt}‘? zgtr?’&%,aljlllnet h@rog‘t‘ﬁbesl%réd’@@irﬁﬁeg

crystalline fuomduthe ( asmadindeigan) i u/d Opbd s2004 ikt hathi ThauSrpur @hdt han t he
initial crude_ pr.odu Cglcr de, ,caprol act ar%1 are_conventjanal ly call ed
purificati ogcragﬁsgtgeerge n Lé>al Fhfhe®BPREPT LR EGesSER9e ¢ t i'Otfal Xt
10 highest degree of purity, the crystallization residue
being transferred to the appropriate stage with the

next lowest degree of purity.

Advantageousiy, the temperatufe of the solution or melt

15 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
caprolactam. The solids content in the crystallizer is

20 conventionally between 0 and 70 g, preferably between
30 and 60 g, per 100 g of charge.

In another advantageous embodiment of the invention,
the crystallization is effected in apparatuses in which
25 the crystals grow on cooled surfaces in the
crystallization apparatus, i.e. are fixed 1in the
apparatus (e.g. layer crystallization process from
Sulzer Chemtech (Switzerland) or static crystallization
process from BEFS PROKEM (France)).
30
The crystallization can also be effected by cooling
apparatus walls or by evaporating a solution of the
crude caprolactam under reduced pressure. Five to 30%
by weight solutions of crude caprolactam in a liguid
35 diluent, especially water, are particularly suitable

for this purpose.

In the case of crystallization by cooling, the heat can



called refining stages. It is advisable here to 5 operate rrultistagz
processes according to the counter- current principle, whereby, aft RQ[}IJUUL
crystallization in each stage, the crystalline product is separated from
the remaining liquid phase ("nother liquor”) and transferred to the
appropriate stage with the next 10 hi ghest degree of purity, the
crystallization residue being transferyg@d to the appropriate stage with

the next |aowest degree of purity. Advantageously, the tenperature of the
sol ution or el tremfg’etﬂjr?fh@ c%if‘s%/%?cfl PalilonClE1 hBES higHEIeaTRth £Re el ting

poi nt of capsolacédmyate) @nddrs pheferakly kekween - 1Bnisilyand the
melting point of caprolactam and, %ecti?g I%/mbet ween 20 [sic) and the
nel ting poi n?u%?en%g%l?olc&& i SoRtES coht SN PhecrBMR | i Zer is 20

convent i onal fyrtie¢mepos8ibnli?y ds pefesmbly bpéweeatr 3QzandhdQ,Lp1 per 100
g of charsge. %n anot_he adv.%tageous ﬁbgdi rreat of the invention, the
crystal | i"zaton fs ith appalatused HFRMMhSER IS -he crARQEISE grow on
cool ed surf asesfénréde embopdtint zaf | @tyapRANdlAstidn Shy Ak8ofiixgd i the
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(France)). 3fahfactysedl biyzatdwda caHoalaadhe ef frchedehercoalitible
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contrast to scraped wall chillers, tanks with wall-
fitted stirrers or cooling disk crystallizers, these
apparatuses ‘do not possess a device for preventing
15 layers of crystals from forming on the heat-transfer
surfaces. TIf, 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 is to switch over to a second
20 apparatus. During the operating period of the second
apparatus, the first apparatus can be regenerated
(preferably by melting the layer of crystals or
flushing the apparatus with unsaturated solution). If
the resistance to heat transition in the second
25 apparatus becomes excessive, the procedure is to switch
back to the first apparatus, and so on. This variant
can also be operated with more than two apparatuses in
alternation. The crystallization can also be effected
by conventional evaporation of the sclution under
30 reduced pressure.

The solid-liquid separation methods known per se are
suitable for separating the mother liquor from the
caprolactam which has crystallized out.

35
In one preferred embodiment of the invention, the
crystals can be separated from the mother liquor by

filtration and/or centrifugation. advantageously, the



be renoved via scraped wall chillers connected to a stirred tank or fﬁ
unstirred vessel. The crystal suspension can be circul ated by neang o] Chmm
punp. A further possibility is to renove the heat via the wall 5 of a tank
with a wall-fitted stirrer. Another preferred enbodi nent of
crystallization by cooling is the use of cooling disk crystallizers, e.g.
those manufactured by Gouda (Hol | and).171 n anot her suitable variant of

crystallizatd.qn by .cooling, the he can be 10 rempved via conventi onal
heat exchangé‘ﬁstr(%tr1 ra‘B’?y CERSTA AR B of @Par 819 el PHRERReReaby

exchanger s) prel indortmast concentapedonal lofhi kher s, st apdss i h wall- fitted
stirrers oregoolin S£Sk crystallizers, these Oﬁggarﬁ&;§es do _not possess a
device for SPEUVEMS ngPds FEPESs o1t cr §Bfal OF r Br mtygrosvchenes.
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apparatus, t flls tus can be regenerated (preferably by nelting
tﬁg | ayer of&%lr yBsFT[ ac%%&ga?@écsl Ush? g ?ﬁemggSaF'Etagsswit CHRERT GPRVEY T

sol ution). Identttifugssd stanbelicaheadnveposi teanrifiuybe Sdeeadt22sappar at us
beconmes exc aY h I ure s _ta.swtch back to the first par at us,
%ﬁﬁi §%56 %uﬂt%%%% b%g‘%fﬁ% %;f%ﬁtﬁaﬂnng?ﬁgﬁgFWBS%g

and so on. varrant ~ can al so opera
appar at 48es hen ebfeeredt bun mefns cofssarkipat ifdl teas ,alwinidte edfiedleed by

convent i onalo Ruanuat b on-1f; Lhe soldut reduced pressure. The
soIid-quuié)separation &@%%%%soﬁngéﬁeggﬁﬁégéﬁe Q%U|%a |§rf8F%§88 rating
t he not her |13 filorTi9om SheLY capres aefahehhi Ehlhasser yFhal Ifiidedasion 35

can generally be carried out under superatmospheric
pressure or ﬁnder reduced preésure.
15
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
20 invention, the separation of the crystals from the
mother liquor is followed by washing and/or sweating of

the crystals or crystal cake in one or more stages.

In the case of washing, the amount of washing liquor

25 should preferably be between 0 and 500 g per 100 g of
crystalline product, preferably between 30 and 200 g
per 100 g of crystalline prodﬁct.

Suitable washing liquors are organic or inorganic
30 liquids or mixtures of such liquids, examples of

preferred washing liguors being

a) in the case where a liquid diluent has been used
in the crystallization in step d), said liquid

35 diluent,
b a melt of a crystalline product obtained in a

crystallization stage of step 4),



In one preferred enbodi nent of the invention, the crystals can be
separated fromthe nother liquor by filtration and/or centrifugatidn. 0CT 2004
Advant ageously, the 2 7 O CT 2004 17 filtration or centrifugation can be
preceded by prelimnary concentration of the suspension, for exanple by
means of one or nore hydrocycl ones. Centrifuges known per se, which
operate batchwi se or 5 continuously, arggsuitable for the centrifugation.
It is nost adeanta eouys to use pusher centrifuges, which can be operated
in one or notle st¥g O.tl%‘c‘ie LB eRRtaied r i Fluges GrwRdidldalzatomreyor
centrifuges (decasi®ges)of asttemldp, st able. The filtration can

advant ageously 10 be effected by neans of suction filters,- which can be
oper at ed batchwi se or continuously and with or without a stirrer, or by

means of beld) fil4 enslt Tbe &nl tdattonsesan ngenenaldoa 108 LaNIHEE Qe Under
super at mgspheri C ressure or under reduced pressure. 15 During ano?/ or
after thé soli d-I?ﬁLﬁtﬁe%ecg)a‘rati on, provision can be made for further
process steps to increase the purity of the crystals or crystal cake. In
one particul@rly avdqvggta eous. _enbodi nment }L‘ the_ 20 invention, the
separation of ‘the ¢rystafs from t he’® not REFeFF§dor £8 f olARRAEE BYE&Fashi ng
and/ or sweatd¢ongrexitidreel Ly ystuslesl or ferystehi sakgurnpoanre or norg stigges. in
t he case of % e&pse appunt sof washj ng li.quor 25 shou] d preferably be
bet ween 0 an per- 100°g of°Try¥eati i & ct, hr eVBLEBI y B ween 30

and 2001§ peepacE-ipnf ofr yshal mbhkepr ddipior Sahtaldies wesbhbggl itaxer s are
B; g?glr ?egrv\/;%%(%é;n:%uﬁé 'bgaliﬁﬁgasrﬂu@ Xtégneérfgugseusc,h lv}h%.ucll'gs’ca%xa%%l es of
operated in one or more stages, or suction filters or
belt filters. The washing can be effected on
centrifuges br belt filters in one or more stages, it
15 Dbeing possible for the washing liquor to be conveyed in

countercurrent to the crystal cake.

Particularly in the case of crystallization without the
addition of an aid, the washing liquor can be recycled

20 into the crystallization, optionally after impurities
have been separated off.

Sweating is conventionally understood as meaning a
local melting of contaminated regions. The amount of
25 sweating should advantageously be 0.1 to 90 g of melted
crystalline product per 100 g of crystalline product
prior to sweating, preferabiy 5 to 35 g of melted
crystalline product per 100 g of crystalline product.
It is particularly preferred to carry out the sweating
30 on centrifuges or belt filters. It may also be

appropriate to combine washing and sweating in one
apparatus.

Particularly in the case of crystallization without the

35 addition of an aid, the mother ligquor can be recycled
into the crystallization, optionally after impurities
have been separated off.

Caprolactam can be obtained in a purity of at least



a) in the case where a liquid diluent has been used in the crystalliigﬁfﬁﬁ
in step d), said liquid 35 diluent, b) a nelt of a crystalline produ ‘
obtained in a crystallization stage of step d), 2 70 CT 2004 18 c) a
not her |iquor obtained in a crystallization stage of step d), or d) a nelt
of an educt used in a crystallization stage 5 of step d). The washing can
be effected in apparatuses conventionatgy used for this purpose. It is

advant ageousgt ogMse, wash .col ums, i n which the 10 separation of the nother

| i quor and t%%'%gihpxgwﬁéﬁg‘t'pP&@g‘%rﬁ\ggNe@aﬂo@apr ét%sggoc%‘?ﬁ rP¥ vgREghwhi ch can
be operat edb¥ntbaeppesentepsbages, or suction filters or belt filters.
The washi ng can be effected on centrifuges or belt filters in one or nore

stages, it 15 being possible for the washing |iquor to be conveyed in
count er cur r efiket gaplre lecystralclmkimaliar theukhel prioveshe £asarding to

crystalliczatj ' . fhe difjion of .an_aid, _the washing |iquor can be
recycledEEO Fﬁ?om%%gggﬁ§é$alf?gat%%n,u%%§ioﬁ%flyt%?téPr? F19Rs have
been separ atedlpamidsaedikagpbdycenvehtcoanlly understood as meaning a

| ocal nmelting of contam nated regions. The anpunt of 25 sweating should
advant ageously be 0.1 to 90 g of nelted crystalline product per 100 g of
crystal | i ne Bra@ntes prior to sweating, preferably 5 to 35 g of nelted
crystalline product per 100 g of crystalline product. It is particularly
preferred to carry out the sweating 30 on centrifuges or belt filters. It -
may al sotbe Eéﬁﬁ?iﬁr?éte to conbi ne washi ng and sweating in one

Preparation of crude caprolactam

The purification sequence was carried out with crude
15 caprolactam obtained according to WO 95/14664 by the
cyclization of a 10% ethanolic solution of 6-amino-

capronitrile (ACN) in the presence of 2.5 mol of water
prer mol of ACN:

20 A solution of 6-aminocapronitrile (ACN) in water and
ethanol (10% by weight of ACN, 4.0% by weight of water,
remainder: ethanol) was passed at 100 bar into a heated
tubular reactor of capacity 25 ml (diameter 6 mm;
length 800 mm) packed with titanium dioxide (anatase)

25 in the form of 1.5 mm strands, the reaction temperature
being 245°C and the residence time being 30 min. The
product stream leaving the réactor was analyzed by gas

chromatography: conversion: 100%, yield: 87%.

30 The reaction discharge was freed of high-boiling and
low-boiling components by fractional distillation.
According to gas chromatographic analysis, the
resulting crude caprolactam had a purity of 99.90%.

i35 Example 1b

Purification of crude caprolactam by crystallization

492 g of liquid crude caprolactam from Example la were



apparatus. Particularly in the case of crystallization without the 35
addition of an aid, the nother |iquor can be recycled into the 27 GCT 2004
crystallization, optionally after inpurities have been separated off.
Caprol actam can be obtained in a purity of at |east 27 OCT200 19 99. 90% by
wei ght, preferably 99.90 to 99.99% by weight, by the present process. The
caprol act am obt ai nabl e by the process aggording to 5 the invention can be

used for the pre tion of pqQlyam.des |ike polycaprolactam Exanples 10
Exanple | a F?%b%gg:[fbﬁe‘gf CH?ucfg“%a facCRMLFRe POELPMcaPldheseefierce was
carried out stihredudessdb. caprol actam obtai ned according to WO 95/ 14664 by

the cyclization of a 10% et hanolic solution of 6-am no- capronitrile (ACN)
in the presence of 2.5 nol of water per nol of ACN. 20 A solution of

6- anmi nocapr oThér idet {oACNpliatenabgr ehd widweDl Wak0%by1wei gbtaRf ACN, 4. 0%
by meigh% of.ma%er r enai nder : e%hggg{) was passed_at_ 100 bar into a
heated tubul4t-12hctEFPEFatApacPty At @i &t 6 K/ M engttE®00 )

packed with théanempedaoxirde Hahafastn 2belawt hend ongleingd. HoTmMcStd@ands,

t he reactionttengergtu%% bei ng 245C and the residence tinme being 30 mn.
The product “3Fr SARFe&PPAS Fedlor was CaRFFREGYpPIPREng layer
chromat ogr apbf: moreercsimomladGi yirglsta 137 %f o2edheoneache OnediSiGhar ge was

A T Y R LT L .
crude cagpr ol Bloeadimdda apdr itolicl 9929686 during the growth process,
the crude caprolactam melt was stirred with a vane
stirrer at 500 rpm. When the weight of crystal mass
had reached 378 g (yield 77% by weight), the cooling
was stopped, the stirrer was switched off and the
15 stirred vessel was rotated through 180° so that the
bottom was now pointing upward, thereby separating the
residual melt enriched in impurities {mother liquor,
23% by weight) from the layer of caprolactam crystals
adhering to the bottom plate. The mass of caprolactam
20 crystals could be removed by dismantling the bottom
plate of the vessel.

Table 1 shows the properties of the crude caprolactam

of Example la and the crystals and mother liquor of
25 Example 1lb.

Table 2 shows the conventioﬁal required specification
of commercially available caprolactam, together with
the corresponding values of the crude lactam of Example

30 la and the caprolactam purified according to Example 1b
(“crystals”).



35 Exanple Ib Purification of crude caprolactamby crystallization
of liquid crude caprolactamfrom Exanple la were 2 7 OCT 2004 20
crystallized on the flat cooled bottomplate of a stirred vessel. The
bottom pl ate of the vessel was cooled froman 5 initial tenperature of 75C
at a rate of -50 K/h. After the tenperature had fallen below the nelting

2951900

point of the crude caprolactamnelt, @iconstantly grow ng |ayer of pure
caprolactamcrystals formed on the cooling surface. To ensure a good
mat eri al trapsitiopn—betuwee 10 th lirlllli and solid phaces during the
growt h progess, thenxshsde| gapiol pedam mglhpwas bgj\gred with a VQ‘E%
stirrer at|500 rpm| Wen the weight of crlystal npss had reachefd 3 g
(yield 77% by wei grt[)%, ®Y he| cool i ng was gtopped,|the stijfrrer was sw tched
of f and the 15 stirredgmessel was{rotated through 180 sq that the botfom
was now pointing upward, thereby separatijng the jresrdug—Tett—enrteh in
i mpurities|ERdtTer |I5°Guor, | 239 bl S wveiPght|)31f P | pe lPayer3Sofpreapedirmet pm
crystals adbefdng {to the pottom pl ate. The nass| of caprjol actam 20 crystal s
coul d be renoved by disnmanfling tne pbortgm ptatg of tigvessetr—Ftablef |
shows the playERdegas’’of t hp9%199de| ammol Jcilanpm of 5 Beanpl|d 2l prrand? tdpe
crystal s anegspmi-her| Jdai quor | 9§ 5135| Exanpl g 4.b8. ‘[rgb% fgr t he
conventi on$| requirjed specijficatipn (r)i%3 domerci h %yégvaﬁwgb?pem :%%erf)’f“ tam
t oget her wilth2¥he lcorresponding Val ues df the crude | adtam of Exanpl e 30
| a and the caprolactam purified according to Exanple Lb ("crystals").
270CT2004 Table 1
Free Volatile Absorbance | Color PAN
bases bases number
[meq/kg] | [meg/kg]
Specification | 0.1 0.5 0.05 5 4
Crude lactam | 1.3 0.73 0.18 7.2 7.8
Crystals 0.09 0.34 0 0 1.6
5
Table 2
Abbreviations:
10 ACN: 6-aminocapronitrile
HMD ; hexamethylenediamine
EAC: ethyl 6-aminocaproate
EECL: E-alpha-ethylidenecaprolactam
ZECL: Z-alpha-ethylidenecaprolactam
15
Methods of analysis
Free bases
20 To determine the free bases, 150 ml of COy-free

distilled water through which nitrogen had been passed
were adjusted to exactly pH 7.0 with 0.01 N sodium
and 50 £

hydroxide solutiocn, 0.1 g of caprolactam were



21 Amount Capr oACNHVDEACEECLZECL [ % by wei ght) Crudel0099. 9052 ppn81

ppnB5 ppnm22 ppmlac tam Crystal s7799. 9914 ppnxl ppnb ppnil2 ppn¥V ppm

PPEE Ao

Mot her 2399. 832205 ppnl22 ppmi31l ppnl05 ppnB1l ppm liquor Table 1 Free

Vol atile Co
Specificati
Crystal s0.0
HVD: hexane
E- al pha-eth

C02-free

10

15

20

25

30

35

| or bases bases Absor bancenunber PAN (nmeq/ kgl [ meq/ kg]
on0. 10. 50. 0554 Crude | actanil. 30. 730. 187. 27.8

90. 34001.6 5 Table 2 Abbrevizations: 10 ACN: 6-am nocapronitrile

edi gnmine . EAC. et hyl 6-am npcaproate EECL: .
%%ﬁﬁgr}ecagﬁgl dcty reZEWﬁE.g f?'ﬁnph%y&%?? d&Reddpr 6t Bctvarkhns
Met hods of &ndllysis hipdeedidsesi 20adpddetter M e t haHd egrbpsesiod5@ sl of

free base could then be calculated according to the
formula below, A (ml) denoting the volume of 0.0l N
hydrochloric acid consumed. Free bases = 0.01 x A x
1000/50 = 0.2 x A meq/kg.

Volatile bases (VB)

The wvolatile bases were determined accerding to ISO
standard 8661 (“Caprolactam for industrial use -
Determination of volatile bases content”).

The volatilé bases were liberated from the sample by
distillation in an alkaline medium {Kjeldahl
apparatus), trapped in 0.01 N hydrochloric acid and
determined by titration with 0.01 N sodium hydroxide

solution. The initial weight of caprolactam sample was
20 £ 0.1 g.

(B - A} x 0.01

VB = x 1000 meqg/kg

20
A = volume of 0.01 N sodium hydroxide solution consumed
B = volume of 0.01 N sodium hydroxide solution consumed

for a blank determination

Absorbance
The absorbance was carried out according to IS0

standard 7059 (“Caprolactam for Industrial Use -

Determination of Absorbance at a Wavelength of
280 nim*).

Color number

The color number was determined according to



distilled water through which nitrogen had been passed were adjust q t%
exactly pH 7.0 with 0.01 N sodium hydroxide solution, and 50 0.1 z JiCT 2006
caprol actam were 27 OCT2004 22 added. The m xture was then titrated to pH
7.0 with 0.01. N hydrochloric acid at 25C. The proportion of free base
could then be cal cul ated according to the formula below, A (m) denoting

t he vol ume of - 0. 01 N 5 hydrochloric aci gzconsuned. Free bases = 0.01 x A X
1000/ 50 = 0.2 g . g ¥E5atile bases (VB) 10 The volatile bases were
det erm ned acg rﬁ.ﬁa I standard 8661 (" Caprol actam for industrial use
- Determ nation of volatlle bases content”). The volatile bases were

| i berated fr y 15 distillation n a aline nmedi um
(Kj el dahl apggra’t us)’, rTgrap eoa?%oga‘fﬁalﬁ H§§Fo efﬁél #ard et @ ni ned
by titrati ondisthl0el wetsodiim by @50xingde Esbéﬂméyér Ehesiknidral 1uet ght of

capr ol actam A 01 VB = x 1000 neqg/ kg 20
25 A = vo E]a ﬁgggkg?giﬁﬁtégdlt%r% ﬁgﬁr @b%3%|%$ﬁmw B I vB¥@me of
0.01 N sodi urehipdeogedecsuktiteen ¢dnsamedl &mf, a bhankadeterahpat i o

Absor bance 3 rba rrled oyt accaording to | SO standard
7059 ("Caprogg%?gnggég '%ﬁgtrleﬁt %ﬁ?hlngFl n 8F9ﬁ5§8Fbaﬁﬁ%sat a

Wavel engt h oﬂEtQlenﬂﬂ)at = 390 [SlC] nm.
10 Color number = 150 x Ay (rounded to nearest integer)
Permanganate absorption number (PAN)

The PAN was determined according to ISO standard 8660.
15

This was done by adding identical amounts of 0.01 N

potassium permanganate solution to a 3% (m/m) aqueous

solution of <caprolactam and to a blank sample

{distilled water). After 10 minutes the absorbances A
20 of both the caprolactam sample and the blank sample

were compared at 420 nm. The permanganate absorption

number is calculated according to the following
formula:

25 PAN (PI) = (A-Ap)gss X 100/3



35 Col or nunber The col or nunber was determ ned according to 2 7 OCI %ﬁgﬁ%ﬁ
23 1 SO standard 8112. 50 0.1 g of caprol actam were dissolved in 50 %
distilled water in a 250 ml Erlennmeyer flask and left 5 to stand until the
air bubbl es had di sappeared. In two reference cuvettes (1 =5 cn, the
difference in absorbance A290 betweey, water and CL/water was determ ned
at X = 390 [sic] nm 10 Col or nunber = 150 x A290 (rounded to nearest

i nt eger) Permanganate absorption nunber (PAN) The PAN was determ ned
accordi ng olISO standard 8660. 15 This was done by adding identical
amount s of 0. 9T N pot assi um per manganate solution to a 3% (m m aqueous
solution of caprolactamand to a blank sanple (distilled water). After 10

m nutes the absgo banc s, A 20 of bath the caprol actam sanpl e and the bl ank
sanpl e Te cgﬁﬁﬁFg‘ ot the psparatinn SFRPrIRSHRAGSRMR e absor ption number is

cal cul ated aCCQﬁdmﬁglré Q) édnenirfid 4-@inB@proh i dh@ivatdbis RANMed Rl the Ryuid\- A0) 420 X
100/3 2 7 C.T 2004 24 claim 1. A process for the preparatlon of

capr ol act BlPﬂse Wb the Bresengs o2 cafakyst fu8irg 3 mB‘é‘H’E HDsPiginge SARTAIGEAPr IS | e and

wat er is Kaffhad-HollinkREmpdndhts ad IBRAIBRing cbmpdientpr esence of a catal yst, to
give a m xture (11) cont ai ni ng caprol actam anmmoni a,  water, high-boiling

conponents and b) ez isitheg remokse Hamithe mﬁf”r%ﬂﬂﬁglae?@'&“ﬁéﬂﬂﬂ GAWAIRBE f r om t he

m xture ( kdprolh@arbll wierhifi- Pﬁlhﬂg@:o gbﬂe)]ts(hﬁﬂ‘tcﬁd il comPBtiefisact am  wat er,
hi gh- boi I i ng conmponent s™ and l'in onents,
c) water is then removed from the mlxture (III) to give a mixture (IV) containing

caprolactam, high-boiling components and low-boiling components, and
d) a solid (V) containing caprolactam is then obtained from the mixture (IV) by

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 mixture (I) additionally contains an

organic liquid diluent.

3. A process as claimed in claim 2 wherein the liquid diluent is removed in step ¢)

before, during or after the separation of the water from the mixture (III).

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

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

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

separated between steps c) and d).

7. A process as defined in claim 1, wherein the sum of the contents of high boilers and
low boilers in the mixture (IV) used in step d), without water and any liquid diluents 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



c) water is then renoved fromthe m xture (I1l) to give a m xture. (llvf}
contai ning caprolactam high-boiling conponents and | ow boili ng 7GCT 2004
conponents, and d) a solid (V) containing caprolactamis then obtained from
the m xture (1V) by crystallization, the proportion by weight of
caprolactamin the solid (V) being ghpeater than in the mxture (1V). 2. A
process as clainmed in claiml wherein the mxture (1) additionally contains
an organic liquid diluent. 3. A process as clainmed in claim?2 wherein the
liquid dijuent 45 5enoy in step ¢c) before, during or after the

separat i oar?yeg'f:é?tlhaéx'\}\'g eatggr?sr'omthe m xture (I11). 4. A process as defined in
claim1, wherein the low boilers are separated between steps c¢) and d). S.

A process, as defined in claiml, wherein t igh boilers are separated
berween ok ops A BiovEg: fthedin By 1 Wk Sh Bubfeiolin 7P DIt oubiEE or -t he

| ow boi | edosledsatfdee, 3 whidhl selis(\ggowssepar at ed between steps c) and d). 7. A
process as defined in claiml, wherein the sumof the contents of high
boilers and low boilers in the mxture (1V) used in step d), wthout water

and any |imui da@idcb8nt Seffiled Il claiBNE®RAEin tHeSnotker li§@% bbthAed PR by wei ght. 8. A
process as defined in claiml, wherein crystallization in step d) is

carried otistllizatipinstepdrissuined with mixsund¥) #id raqreled fostsp Bigents. 9. A process
as defined in claim1, wherein crystallization in step d) is carried out on
a cooled surface, on which solid (V) grows. 10. A process as defined in
claim 1, Wher efmracees agdefined in qlajnds whiseiaicrysigllizatioarin step ¢)Js edrti¢dat i on in step
d) is m Xxgfecnideh m xture (N) and recycled to step d). 11. A process as
defined in claim1, wherein crystallization in step d) is carried out

bat chwi se.



