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relates to a p_lroocess for the preparation of caprolacta ﬂlm\lummmmm"mra) a
m xture (1) containing 6-amnocapronitrile ("ACN') and wat&sdps reacted in
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cont ai ni ng Gammematison et o lditaimedyieamt he mixture (1V) by _

crystallization, the proportion by weight of caprolactamin the solid (V)

being greater than in the mxture (1V). 25 Processes for the preparation of
caprol actamadre &enadxithyeknowd) | tcarscalrsimgendr- alrdlylolca@m.nlft@rlléxaﬁp' e
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reparatjon of p rs must have a purity of e main
Prrpurlt bconvent %ﬁ%ﬂ E@Wr%ﬁé’ctegr gyt low-boiling components,

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

15 components,

c) water is 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
99.94%, 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 anount of 0.04 to 0.1% O her inpurities nmust only be present in an
anount of at nost a few ppm 0050/51364 2 Thus caprol actam can be prepared
by a Beckmann rearrangenent of cycl ohexanone oxine with sulfuric acid or
ol eum Aftergosptsedégzati on 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 organpc sol vent. Depending on the
processes f the re ation of the  educts used to prepare the
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prepar ed by MixBiEeckighn ammmawgetﬂ@at camo@amiahylcz&pr béa@ibwa&,ned

6- net hyl val ef,lpctam and,bs peRt WA ttaéﬂ 48y ggr |§ysaprgge%§e§%€%e descrl bed

for the purlflcatlon of crude capro actamo ai ned "by

r ear r angemerftX rﬁFW&?bthﬁtrfg 3 PEMIQSETIGENt he crude caprol actam can be
purified by hydrogenation in suspension, in the presence of a catal yst and
with the achtl on,.of an g}@d 25 According to DE-A-1253716, the crude

capr ol act amSRETEERSG PPt t8E R IRRFTR2NEPT ot lien RIRRRMRG I P the
presence of eadm:a:tsahymdam ptéﬂaaféethddtytmah@f{aﬁobés@xu%@ DBuéh7a@83

oscr 1 088, 2 BAESEDAlnd N BULL 6L B Bl r WIS CORL L EL A, Rt ch the
sol vent, hydrad@idist | andhe repesangementa caialifstorand then t:rea‘eed Wi th
an ion eXChQﬂﬁﬁ&alactam 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 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



35 According to EP-A-411455, the inportant characteristic quality features
of caprolactam can be preserved by hydrogenating the crude caprol actam
continuously in a 0050/51364 3 |iquid phase process. Crude caprol actam
obt ai ned by gheohydsgiormylation of 3-pentenoic acid and/or its esters to
give 5-fornyl- 5 valeric acid (esters) as main products and 4- and
3-fornylvaleric acid (esters) as by-products, separation of this (these)
branched forfy %ééerlc acid (esters) by extraction (WD 97/02228) or
“distillationt TEWS oBP BBIBYO@RPnat i ng hydrogenation of 10 5-fornylvaleric
acid (esters) to 6-am nocaproic aC|d (esters) and/or 6-am nocaproic acid

" am de, and zation,of  6- amn pr.o ac ( ters) or _ 6-.am nocaproic
acid ani de, é%%{l%i ﬁépgf’%a?t??p. co§1 nr?ﬁtcr?}f Eg HFREoY les ivrot e. g.

from WO 99/ 4888 texanpl @cid tandcioystiald i estersde;csagﬁoéacﬂ«?ﬂaﬁﬁxlal ned
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from ni xt ures of 6- am nocaproi ¢ aci d i nocapror ¢ 20 ac
cor r espondi ni- BPTHEHER LS HY t hacidHi t i dﬁSt@erIO% bys wei giv-ofodmatter,. Thi s

crude caprol gsp@ratidm 08‘f\/\’f&'h<i@ hi @) 'bP&ln@l@Qd gg @9‘1%@%{98”%%"1%“ S were

not separated before st allization, contalned
N- et h)F/)I capr g‘?%ﬁﬁﬁ BHRTBFL2EN5. (HA h97vARERS) ac‘?ramdlmlpi{imtafon
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honogeni t. 50C t hen coal £d to 30C. The stals which precipitated
out wer E‘l%fl| YGRS fe TR © wasHéd 2°£65°85¢ | nkQ %“%Eﬂfé?ﬁ&o’tfaplaﬁle&’ct am
The 30 5- rret(‘ﬁ;&t@lttsa)r ol autdmmand éradmeiramiager atiant entcsi ver amide, and

cyclization of 6-aminocaproic acid (esters) or
6-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 5-methylvalerolactam, 78 ppm of valeramide and other
impurities. The crude caprolactam/water melt was
homogenized at 50°C and then cooled to 30°. The
crystals which precipitated out were filtered off and
washed 2 to 3 times with aqueous caprolactam. The
30 5-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
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 yield after



reduced to 1 ppmand the N nethylcaprolactamcontent to 51 ppm 33.7 g of
pure lactamwere obtained from 73.6 g of crude |actam (caprolactamyield:
45.8% . The characteristic of the volatile bases (VB) was only 35 achi eved
by a second goysyahkszation. If high-boiling and | ow boiling conponents
wer‘e separated fromthe crude caprolactam before crystallization,
according to WD 99/48867, Exanple 3, the caprolactamyield after

0050/ 51364 4 __cr si l1ization wag 2% It is further known from WO 99/65873
"sel ectively ?5ysgﬁ g?BaEéﬁ?oVaﬁt Affrom mxtures with 4-ethyl-2- 5
pyrrolidone, 5-methyl-2-piperidone, 3-ethyl-2 pyrrolidone and
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W th er jnt Lqui.d phase,_.in the presence.or absence f a catal yst,
with t\rll\gtor elﬂéé;se?g%hg‘?rrgrgni g’.y Zfﬁyﬁ%aﬂg]ijt%)ao%%rb cEPBI abPEm “\ﬁgtter CTammoni a
and opti ona¢tyskabl heatioémgufdonli 4 usmivente mi xture obtained in this
reaction contains inmpurities boiling above

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 caprolactam, 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%.



caprol actam ("hi gh-boi |l i ng conponents”) and inpurities 30 boiling bel ow
caprol actam ("l owboiling conponents”). It is known fromthe Exanple in
US- A-496, 941 that, after the separation of water, solvent, ammonia, |ow
boi i ng conmpaiwdis 4l hi gh-boiling conponent froma 35 m xture obtained by
reacting ACN wth water and solvent, a crude caprolactamis obtained with
a purity of 99.5% 0050/51364 5 O hergnethods of purification are

described for .a crude caprolactamobtained fromACN in the |iquid phase
"since the NPT (RIS t P sPEybELGREEPRIBT EafrEFAGPEM dPE ammriisd v

_different frempidiosecdm sbdiged capsnl Ackamnbrabt aiipad abynakkers pecesses,
as described.in .US-A-.§.496,.941 first stgpm,q accordi

L n to
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give a c?ud?%taa;lr o- | agbam vﬁ?{?‘g p%(r}:otdyé%eng. 5%;5 thi%sesé:lr&% caprdi act am
i s hydr ogendtSthidn 43fe Jflesence 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 discl oses a
met hod of purt i g *Hud8tRo Ag5ioa1Hant ®r UGiRabi 4§ 6 Odm .t RCY i 4ai d phase
cycli zati on cfnverardadoaapr eabtrbnbeﬁ\a&nt himat efie i alifd‘!ﬁid plrpﬁz%%%c,e_ QB%,@ 5?' vent
and heterogenegus catalysts. In_this case, crude_caprolactamis firs
hydr oge(rlalgte ,Olqtlhn& TPETEE K 1 3T PGt and P ﬁéPP?HSYSPFP?Ed 25 in
the presencedivealticalare Thamdl sameaus hgesepataied oethodigh-puotiiltingation is
that three SeRgiddhdPagtbonedAfied” oL ¢l BT SRS PULS ro-
capr
P 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 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.

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.



Sai d net hods of purifying crude caprol actamprepared 30 from ACN have the
di sadvant age of being technically expensive and energy-intensive,
especially on account of the nunerous separation steps. It is an object of
t he present goweemnflismgy to provide a 35 process which makes it possible to
prepare, in high purity and in a technically sinple and energy-saving
manner, caprol actam which has been obtagned fromACN in the |liquid phase.

0050/ 51364 ?ﬁfvg have fougd that this ob%Fct i s achieved by the rocess
"defined at t 8V€et TOPRdstiRAY) tR Sy £ UFET(1 FScartld eved @antthecapro- 5
~nitrile, waterocasd ceifiioral lat |dguichuddtuent is converted in the |iquid
phase, in the presence of a solid which pronotes the reaction
catalytically, to a mxture (I1) containing caprolactam ammonia, water
optional 'y Hinquisdesi | aent, arnmﬁxtnﬂﬁﬂ nd )comportenins ngnd 6 -afhihowapebli ng
conponengs. nkhe ;AGN 1 d Qe st be isned, f
adi podinitrile, as |seg%%%€al ?dkndaﬁtf%néii I Wé%%hﬁd Eﬁ%yﬁfopedlésof
Industrial GOBWeLEfl SRhthe %PldASPhaﬁ'VCF-PVe‘?hGagﬁgégenCscmtaan

Wei nhei m ( G@dmlay)whﬂ&BGproﬁaﬁésAthé:' PBea8eibAr tc'a%ﬁll?r tli:23ARY, Opfd age here
is the parti.al catalighg drogenati on of adipodinifrile in the presence
of 20 amonfEX & ol an gnl??itQﬂpﬁﬂkﬁﬁﬁﬁﬂé oPTFREdAUM WBheHagnesi um

oxi de (US- Aopt601ha839), 1Raneoy ai tkeht (USgh-B0A82nBB ol 21 65R% or

ni ckel alum_ Av2 208, 598) as a suspension catalyst or
Cu- Co- Zn@splggag%gg % g%%% A—2 257,814) or iron 25 (DE-A-42 35 466)

as a fixed bed catal yst, or a process accordlng to US-A-2, 245,129,
US-A-2,301, 96 ABR- Ard80295q OTedR A125029) 540ar O RLAEESESICEEL] DEC
adipodinitrile, as 1is 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-Aa-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-Zn spinel (DE-B-954416, US-A-2,257,814) or iron

25 (DE-A-42 35 466) as a fixed bed catalyst, or a process
according to Us-aA-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. KG,

35 Steinheim, Germany.

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

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



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 comrercially

avail able, @ogo/819pa Al drich-Chemie Gesellschaft nmbH & Co. KG 35

Stei nheim Germany. The conversion of the mxture (1) to the mxture (I11)
can be carried out according to FR-A-2029540 in the 0050/51364 7 presence

of catalysts, the catalysts used bei ng tallic Zn or Cu powder or the

voxi des, hydriokFeeRce hg?fi de%a‘b%ﬂé%%i de§g§f rA A RS | ed§edmerRaimg or the
el enents of reetomlLicumber sr2kcu opd@det 39rt @d8. oXhees, Cayﬂﬂﬁéid%%iSCLl bed
are used as i l.ysts | sti.r.red aut ocl aves operate at chw se.
A process dé@%?ﬁ%ed ?% %g%%9§§§h6?€7fykﬁg}ﬂ@5,¥§§¥%24me5?uﬁt)9§/fﬁ§55 is
particul arl yelerednrts edf agtomep @wmbﬂrsrﬁlhESe3pr@neSS£fToths.reg&&;ogzbé
carried gut A | Glald e erat nera 40 ;to
preferab?y ofzp,tl% t%é 2%@0%%t gép?gés{ﬁrggar é‘%g%é?iﬁgﬁé?’% 5 Ta:iéfr%%f‘ '8 250
bar, prefer abtiFFeoOAYtedlases strearted tbakshwisecessary to ensure that the
reaction mxture is predomnantly liquid under the conditions fused. The90
residence tijres_range generally_froml to 120 min, preferably from1l to
mn and par tngngrgf:le S p %?célf%%/‘?/ fion?S-20° 6046 417 7 ReSiSdénde EPmeg4of 1 to
20 10 mi n hawe Wy detl46ialiy satt sdulbdoly pieSamedasesstdhey y eacti on can
be carripgd out batchwi se or, preferably, continuously. Suitable reactors
are a stirred tank, an autoclave or, preferably, a nultitube 25 fixed-bed
react or. Confit ntli¢omspvPCceashsy esbieoreaartd omaliso qgasisidd eout in the

liquid phase at temperatures generally of 140 to 320°C,
preferably of 160 to 280°; 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, continuously. 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 liquid diluents which may be

mentioned are alkanols such as methanol, ethanol, n-



The amount of water used is generally at least 0.1 nol, preferably 0.5 to
100 nmol and particularly preferably 1 30 to 20 nol per nol of ACN.

Advant ageously, the ACNis used in the formof a 1 to 50% by wei ght,
especial |y 53490 29%apy weight and particularly preferably 5 to 30% by
weirght solution in 35 water (in which case the solvent is simltaneously a
reactant) or in mxtures containing watgr and a liquid diluent. Exanples
of liquid diluents which nay be nentioned are al kanols such as net hanol,
et hanol, n O‘E%‘g/ 51862P8no4n N pRopadol affll h-bukanghd PoByradmolsugiol yol s

such as di eddyl efiteghyTohe andgipisnet hwh@ne @l sendshy Tk ocayRAns such as

etrol eum ethe benzene, toluene nd | ene, | actans such as _pyrrolidone
gr capr ol act%r%c%% 2 sOBSt AR &F %%f%% ShRAT as PROFEDRY| pyriishQione,

N- et hyl capratdckabene, Nlethsisapnohaatamyrand i doaeb @ty |dapresitaitan, _
D o] 205 AP OLSEE DAL 188 e Ao L Wi e B T e

can al so be present in the reaction. coufSe,” 1t .
use m xtureNvrehghearrelagtamdi | uents. NMethyilespeblaatem,and addnol s in

a Wﬁter/a'k%%%bo%ﬁdﬂ@teéééfQ,Oﬁréfg§ég§999hogéeg?r%%E%o&&%%%ﬁgﬁggk;have

been shown to be particularly advantageous in sonme cases. I'n "princi pl e,
it is equal IBPPRSI F*0™ oluskot e BCNRBRMSF eacPaFOndRd Sehventsat behe sane

time. Exanplmsesdnthetit ogﬁr@](c)lﬁehafzaiifﬂry.st S \/@j‘gf chhqande Listleld islz?la%% ?\c/i d} c,
basi ¢ or, .amphot er.i€ oxi des of t el enents of main group . or 1V o
the PeriQdi cpolsa%libefe sUéh Y% Tc“é‘lxg_‘iuﬁrﬁsox‘f’ e CLRETHES| gm’x‘iidéi,ﬂb’@ln&ﬁ-om de,

al um num oxiMiestures oxdfle wrtesi | iayoh dildedroel § n ifrhe a f alabeaf/ A K=0@ani ¢
silicon di oxjdgnsitdCio 96F: 1X48%85 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 1is also possible to wuse
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, niobium oxide, iron oxide,
chromium oxide, molybdenum oxide, tungsten oxide or

mixtures thereof. Mixtures of said oxides with one



25 Buhr, quartz or m xtures thereof, and also oxides of netals of
subgroups Il to VI of the Periodic Table, such as anorphous titani um oxide
in the formof anatase or rutile, zirconium oxide, zinc oxide, nanganese
oxide -or mxpsmesitbereof. It is also possible to use 30 | anthani de and
act'i ni de oxi des such as cerium oxide, thorium oxide, praseodym um oxi de,
samariumoxide, a rare earth m xed oxide or m xtures thereof with the
abovenenti oned o}gld des. Exanpl es of other possible catalysts are: 35
vanadi ni um [3FRFPSki &€ nPoBPumBEIRES i r oo WG dEVLLARRERI TR dtes

nol ybdenum oxndle reflingdtien , oxduwieth oas miHdres1iher@sf . tMxtdurs, Qfe said
oxi des with /51364 9 ., anot her are al .possi bl e. . Sormre sul fides,

sel eni des arﬁgdﬁfkg?%rgﬁldésg, LG as 99 Rt elsf‘%%ilgg, ?I?(%w SBPerfte 1des

mol ybdenum sef firidekel ungstenasdl ¢hdemaum, t ben sal $6 des ueédni ckel , zinc and
chrom umg can al so be used. 5 The abovenenti oned conpounds can be doped
with, or contain, conpounds of main groups | and VII of the Periodic
Table. 10 OFe? sthavanentdangd siceompausdsiagabe bent foped ariech zedr t es,

phosphat es afshteief opAnReids 88 Welin agroagisdi € afgy alkal i ne it%[é 50% b
[o; o Dy

exchangers Iﬂ)ke. fion. These catalysts can optionally contain up
15 wei ght i ¥ati tast® Bt  copper, tin, zinc, manganese, iron, cobalt,
ni ckel, ruthenium palladium platinum silver or rhodium Particularly

preferr C t i haye, very. hi . 20 conversions,. yields,
sel ecti 31;3“ @aggnéd %&‘ﬁ%a%gﬁ fset %lébomyde BribetEdened | Give
condi ti ons a#eolitdsr ophrsphs test adndt hdimsrpadivaditdani uasoxielEl as

acidic and alkaline ion exchangers like Nafion.

These catalysts 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 1lives
under the above-described reaction conditions are

heterogeneous catalysts Dbased 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 is
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, bayerite and diaspore) at varying
temperatures. These include especially gamma- and

alpha-aluminum oxide and mixtures thereof.



zi rconi um oxi de, cerium oxi de and al um num oxi de, especially titanium

di oxi de. They can be used in the 25 form of powders, chips, grit, strands
or tablets (produced by conpression). The formof the oxides normally
depends on thgsgegusgenments of the particular reaction procedure, powder
or 'chips being used in suspension. In the fixed bed procedure, it is 30
conventional to use tablets or strands wyth dianeters of between 1 nmm and
10 mm Al um moxlge is suitable _in any nodifications which can be

obt ai ned by heat PRG EReCaluRfnififtAy dfotitfe P35 S icd®t sGordfofdsthe _

(gi bbsite, bﬁe&mi&uabseﬂdde bo@rma ltklfy wayeHit | e agdadhﬁs&@llrr%) o ﬁ&?éyldng g
tenperatures., Th inclu CI a a-al um num oxi de an
i Q’Pures the?%% &%%6 b?%i% ®SThet éxg'%é]s }&aﬁaﬁg uSRE ISP heLpdhe for m
(content of a&bevememtiouoedl omxdele sh80%dbpeneBght by agight, Xtdi eHfa t he

abovenent: on case .t,he .su f ot venentloned oxi des
shoul d btér’ >8%gp &Qg& dar&a\MyS@ §§ s%ﬂglp%}?terg&%cat gﬁe ali) N CPede t he
abovenent i on‘é’élld%‘il @é@ ban e lamst | el @omaChenhaﬁiLd;al Iayldaruhanhem]d@i |y

stabl e suppogtanis UdhhyoM ! hu@ug'i ﬁ%ﬁa&%féﬁasug cQUl £ 0Xi des may have

been prepared by precipitation from aqueous solutions, e.g. titanium
di oxi de by the sul fate process, or by ot her processes such as the

pyrogeni c prﬂmrﬁr@noﬁidés NRagl HABUBeeXI @erh:rb@nwmpr@gﬁ. 1‘%%t(¥on "
o severd ek TDdES SoRTa TRt ELTEr  t K pr EbERBBn SR LPBs WO the
di fferent oxi’eldJe%a.tél'h@rqm(anaes, oor byheigtlprecpreeescesposads vde chthean be
Converted1"b§fgbéﬁq@eﬁrgﬁaf§£§BHaBko%iﬁ§i fﬁhfﬁ@ﬁagx1de titanium
dioxide or =zirconium dioxide powders, which are
commercially available.
15
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 generally
obtained by this method. The oxide or precursor
mixtures can also be obtained by precipitation of one
oxide or precursor in the presence of the second oxide
25 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.
30
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 volatile
35 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.



20 e.g. by joint precipitation fromsolution. A very good distribution of
the two oxides used is generally obtained by this nethod. The oxi de or
precursor mxtures can al so be obtained by precipitation of one oxide or
precursor inpdde Presence of the second oxide 25 or precursor present as a
suspension of fine particles. Another nethod consists in nechanically

m xi ng the oxide or precursor powders,jjt being possible for this mxture

to be used as a . starti ng,g@terial é%tor the  production of strands or
tabl ets. 30 AWPTNcPRPRIPLGpYEM R cAPRIVEPE d&NSBE Riephhed aFivany of
the net hods aleistes bashsistdeini hgdadlyeindhus pylaelgmuelgs ogganhe applied to

the support j r ir s Si rrpl npregnation. The volatile
35 constituents Jgfqutcﬁewggjﬁmg%lggconv?n Honal I‘:}lye r%%ci/ea PSRT t$7 c&fal yst by
drying and cnadiatht iwkch Suzh sbis ataeyeronnér ctakbypiamai Hablkedior bii t ani um
di oxide, 5l Uiy Dxigle kA nepn! UBGhoXLYar 0090621368 JL, Angiher

possi bl e vvay of applying layers of the a oxi deS consists in
hydr ol yzi ng % Szi %bt Mg aiitahle |crrf2;mrgamd§ ot dUrts., Phgsoayder am c

support can d;»ﬂoxcmx edawenmnamt hh e+ 2Yer a0fq tEbanhMmghiopdde byndey
hydrol yzi ng t.itaniumjspo |l ate or other Ti al koxides. O her sui tabl e

conpounds arfe R -cl4, HY SWPRPTHR, AF&ni RAWARFEr at 6t&ARIEer PEM
nitrate, intweblels aof Satiabl ex5aePORhBNaed VRRWISF S ofStéamsls @kablabl ets of

sal d oxhges LAYMme! Vo 0Li PLoGhNGE o317kl e 1B, 0xl des, Ji ke, sidicon diox de.

The supports u Can b MACr 0por ous fPFovE t he
mat eri al trléfhsapofmichROEP‘e@ ﬁprmammraiars tenovedove onhehmaknextaie (1)

to 15 give @JHggdse (I11) containing caprolactam water,

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
distillation, for example the ones described in
Kirk-Othmer, Encyclopedia of Chemical Technology,
3rd Ed., Vol. 7, John Wiley & Sons, New York, 1979,

35 pages 870-881, such as sieve-plate columns, bubble-cap

columns or packed columns.



optionally liquid diluent, high-boiling conmponents and | ow boiling
conponents. In principle, the separation of the ammonia fromthe 20

m xture (I1) can be effected by nmethods known per se for the separation of
materials, sudpasigxdraction or, preferably, distillation, or a

conbi nation of such nethods. 25 The distillation can advantageously be
carried out at bottomtenperatures of 160 to 220C, especially of 100 to

220C. The pressu sured at the top of the disti IIatlon perfornance
[sic], is coﬁ?ﬁen‘ﬁ %‘?F;Tf?/ tH CER ]?etﬁagﬁlﬁgr ORf5s dPus€vess lsFolamms .

appar at uses sarch tdwse Eoreniionadtantsgsbisly h o iddmii®notafn exanpl e
the ones described in Kirk-OQhmer, Encycl opedia of Chem cal Technol ogy,
3rd Ed., Vol. 7, John Wley & Sons, New York, 1979, 35 pages 870-881, such
as sieve-pl dire gbOM®),. bwbbee- @ayl cptiomsldy pPacked cdl lwmsts 0@x@/ 51364

12 The di stllén{cg;écpnff&g lp_gec :{;&t‘?& u Iif'% sgger Iv COA Iq?§turéu tive)xs 2 or

3, but advantageously iIn single co and ‘optional |y
liquid dil usRrameing r%ﬁm%lacf?@m t h}élﬁhxbgi‘téll(lgl | Fompogenesa mngt ur e

(1'V) cont ai nigg BRPrARGHPordtrdy boi | i ng conponents and | ow boiling
conponents. If a liquid diluent has been used in step a), water and 10

liquid diluent can be separated off simnmultaneously in step c) or the water
can be separmt ed fduibefdr Pueatt laist ebeéﬂileuééquhﬂ dtépeat) Lvatéﬁri aalpl e, the

wat er c b a moxture ds known per se

f or theilgepg’ra g{n %fgué{lerltglg bsuc PEaESer & adtjtq) ymmé?%?%ﬁ Yatfon or,

preferably, aﬁqn|¢)aﬁnbnph@rw§ter can be separated off before or
after the liquid diluent.

In principle, 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 in
Kirk-Othmer, Encyclopedia of Chemical Technology,
3rd Ed., Vol. 7, John Wiley & Sons, New York, 1979,
pages 870-88l, such as sieve-plate columns, bubble-cap
columns or packed columns.
30
The distillation can be carried out in several columns,

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

A heat-coupled multistage separation of the water and
35 optionally the liquid diluent is particularly

preferred.



conbi nati on of such nmethods. 20 The distillation can advantageously be
carried out at bottomtenperatures of 50 to 250C, especially of 100 to
230C . Suitabl e apparatuses are those conventionally used for 25
distillationgof@ysexeqpl e the ones described in Kirk-Q hner, Encyclopedia
of ‘Chem cal Technology, 3rd Ed., Vol. 7, John Wley & Sons, New York,
1979, pages 870-881, such as sieve-plaie colums, bubble-cap colums or
packed col unglsf 30 Tge di,stillatjon can pe carried out in several colums,
such as 2 orP®o%ut PHAvEARKAYESusIY )i it 5 SRHEPAUERR urRtoASKERt SQoupited

mul tistage separ algeopofidte waber sashrabe opldf@nal tyet heldw-BHid did uent is
particul arly, ed. 0/51364 13 efore the mxture (IV) is

i ntroduced |%?r§6(§r§%%£ d) 1 slgfg? i sanacgpr%hgrilé Rt epSPRPEIEHE t HEADwe boi | i ng
conponent [ sadyarproedyhlboi | dmhy conpgomenthigdi-dqiliadyantameausintonl y t he
hi gh- boi l5i NGe £QEPONEN Sy P REPEGHR 'ﬁ’ov?—%é' nd h@oﬂn&ﬁ‘ﬁ@zﬁ’cl 19 §onpanent
[sic] nor the high-boiling conponent | si cJ] and partrcualarly

advant ageoust§e onbjrobhBoi ddnBoi [9ampaamRionehtsct r oanghe parbitawlexly) . 10

i f the | ow bdddrigh QIPONENsS1ANEHAI gBwbBbii gy eompeRents %&%ﬁ%@%{)at ed
fromthe m xture, t\r;f |l ow boiling conponents can be separated of efore,
after or tdyetHer®wit¥ the hi gh-boiling conponents. 15 In the case where

the | owboiling conponent [sic] and high-boiling conmponent [sic], or only

t he hi gh-,boi}ing np nt el or_only the | ow boiling,conpgnent

[sic], gP e siefpar a‘—t}geg of %?” tth[els]I'slerl ratc‘iO(.I)“r?o\é-‘aer{1 e €fnfdgct é‘&%ﬁkﬁ%ﬁ’rﬁﬁé’igpl e by

met hods knovgPmeenetsd oencheseparated 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 low-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], 1is 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 in
Kirk-Othmer, Encyclopedia of Chemical Technology,
3rd Ed., Vol. 7, John Wiley & Sons, New York, 1979,
35 pages 870-881l, such as sieve-plate columns, bubble-cap
columns or packed columns.



20 separation of materials, such as extraction, crystallization or,
preferably, distillation, or a conbination of such nethods. The
distillation can advantageously be carried out at 25 bottomtenperatures
of 50 to 2506ps5egpeegsal |y of 100 to 230C. The pressure, neasured at the top
of the distillation performance [sic], is conventionally set at 1 to 500
nmbar absol ut e, preferably 5 to 100 nbarjsabsolute. 30 Suitable apparatuses
are those convent ona)rJn%Ef used for distillation, for exanple the ones
descri bed i nTPR; r‘%{l tighcfQtopEGPATE 108enPERl Tt hnvodseiliid Ed.

Vol . 7, JOhﬂcNﬁb@ﬂeﬂt§OBan New céfki,ed 99%: 3h Begesald’/A8knsSUELES

sieve-plate col col umms_or packed col unps. 0050/51364 14
The dlgtllla?lon o 3Se %%a?§%§n5t?e?%§ oth%|tt%%fec6 ‘OHents ' can be

carried out in several colums, such as 2 or 3, but advant ageously in a

single calu 5 [ dat f f h i4ing
corrgonen?)s glﬁebg%ztr%%lde (gt? F%gsegepéﬁe&)%%ﬁm%gfosé%% eng:hgjb gout
advant ageousF§mPPNAN &P ngRe 6 warried sewp &, sgvewhid covpumasnt aauﬂmg

caprol actamis 2 18y ob} abiedadv 2t 48R XY UL &1 MndYe PESThA .
crystallization, the proportion by weight of caprolactamin the solid (V)

bei ng greater than inthe mxture (1V). 15 The sumof the contents of
hi gh-boi | i ngI:andstté;W- @il i g seetAONEV} S,c@@ﬁaiﬁﬂﬁ@didﬂoﬂ@ﬁﬂté}ﬁ‘d iy ganic

di | uent the xturee (1V) used in,ste dvant ageously , at | east

100 ppm y WEI g% ng%r ef glrggll y 2%66 ppnt“B E t%@l ght \éart i B¥l ar I%?%rléﬁer ably

at | east 500cppstrdylPratwedyht anbeespenicddntiatn | edsy 1098iphm by ofei ght,
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 least 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 c¢rystallization can be effected as

35 fractional crystallization.

In the case of fractional crystallization, all the

stages producing a crystalline product (caprolactam)



based on the m xture (1V). The crystallization can be effected batchw se or
continuously. 25 The crystallization can be effected with the addition of
an aid such as an organic or inorganic liquid diluent, for exanple water,
but preferalyosoygiyyd the addition of an aid. 30 The crystallization can
be ‘effected in one or nore stages, such as two, three or four stages,
preferably one stage. In another preferred enbodi nent of the invention,
the crystallization can be effecte 35 fractiaonal stallization. In
the case of & }ﬂlbﬁalplgﬁfstﬁh??zétdrﬁeonlnhﬂa hé’rugteag@éo%%%‘audicﬁgldﬁ

crystal | i ne qapadiicic{aodpr st aﬁ&nﬁ%ﬁ)i&ﬂéﬁzlyl%am@eah_ p@rlli:fli%étltilﬁﬁg the
initial cru roduct _(.cr ctam  are conventiona calle
purificati o%%ap StAges. ng gfl ttcfh 8tt§ n’%‘%@%ﬁsaraé"ecoﬁ\‘?E‘HFPBﬁSPP}lycal | ed
refining stagds.edt rlaefladmgsatsltagreesre t 0 & oper akevighbilet aperpr ogesses
accordi ng t @, Jhe (eount 1s£&6éeﬂrﬁ9ééggbpl txﬂ@ﬁ%%béhcatﬁg c%ugtgred

crystallization in eac e cr i S separ
t he remai ni FPIGSERT dpﬁh’%ep%enot“ﬁ@rqlimuoﬁf)'—eancthq r anyseplédzabivhe

appropri at e igf agacW tdrdde, nate 1@r9'sg3§§5ngegg%le@d@ét PY t¥ephbEreqg
crystallizat si due_bei, n% transferred to the appropriate stage with
the next (f\?@ént @%ﬁré&méflnbﬁ i tht TR aRtagRoUsMpthere dimper at upBdof t he

sol ution or tlrralntsfe:k&adurtbg ehgst@ﬂ;rdﬁi@@el Es&we hlvgftef than hbﬁtém?LtI ng
poi nt of ,capr. a |s refer bl y_ bet sic].and the
mel ti ngi%m n i ? E:taggfl% %a eci&f yc%’egt %{cfegﬁ Ufhe
mel ting p0|hﬁl@@ transferred to the appropriate stage with the

next lowest degree of purity.

from

Advantageously, the temperature of the solution or melt

15 during crystallization is not higher than the melting
point of caprolactam (70°C) and is preferably between
-10 [sicl] 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 in 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 liquid

35 diluent, especially water, are particularly suitable
for this purpose.

In the case of crystallization by cooling, the heat can



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.

I n anot her advant ageous enbodi nent of the invention, the crystallization
is effected pos@ppas@iuses in which 25 the crystals grow on cool ed surfaces
in-the crystallization apparatus, i.e. are fixed in the apparatus (e.g.

| ayer crystallization process from Sulger Chent e;:? (Swi tﬁerl and) Flr static
crystallization rocess from BEFS PROKEM (France)). 30 The crystallization
cax al so be ké‘?fé@%@d’ T8 i g2 af”SE&s WattsehF Spraessecat Fag &

sol uti on of $tirred udeardapraat a@&ﬁmnade&réa?ueedgéggsZulrr_aqe Fidgce_ystt_cal_?:O;%; by
wei ght sol ut] . Cru C olactam_in .a.liqui I luent, especially
wat gr, are péél?%ﬁ%ﬁﬁﬁy%g& '?lé)l | §TEFSF RS %rﬁ‘&?@.s 19 t fle RES®e of &
crystal | i zathwnthsgr coosshbilihe heattocarerfnsd/ Hi86Ked6 vie temowed via
scraped wal loghi bl etangoniaeted 40 @a1slErEedstank; gL an Unstifged vessel .
The crystal suspension can be circul ated means of “a punp. _,& urther
possi bi | i ty Beekerredoesbedémeast Qf acrretaalizetépna mankoeiinga is

val | -fitted gié rnese APt hesol Ml lrpd emadisent, Hfs cr wstal | iggd.on by
[ S e.g. those nmanufactured

cooling is the use of copling djsk crystallizers, .

by Gouga ( HdT3™ C.t‘fl’ne‘gngﬁ’hé?go"éiﬁ té%?ﬁla At i antIdf aRPYEEE| ISE&RRd® by

cool i ng, thevdrcdntcant bergzataemﬁnzadiwhab@?)m&mhﬂ@al tlliiﬁaheﬁxcbaag;yes
referghly  gheldgand-tu r_parallel.: te at_exchanger .. LLn

f:gnt rast%to Iécrapéeczlzl V\Q’/g'lal ?‘élnl{’, élf%sl,on gnklgg%\ngt he@qnggsttg%rgﬁe,rla&lg or

cool i ng di sieferdstand-itagres, orhesealippapdtssehaic netchpassess) a dawi ce for

preventing lid@yas @b Ce¥shpka fuoM f QTGN the Rgat Lnanghen

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. 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 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 wvariant
can also be operated with more than two apparatuses in
alternation. The crystallization can also be effected
by conventional evaporation of the solution 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



surfaces. If, during operation, a situation is reached where the
resistance to heat transition due to the fornmation of |layers of crystals
beconmes excessive, the conventional procedure is to switch over to a
second -20 appes@iss3gduri ng the operating period of the second apparatus,
the first apparatus can be regenerated (preferably by nelting the |ayer of
crystals or flushing the apparatus w tfy unsaturated solution). If the
resi stance t%feat transition in tjgte second 25 apparatus becones excessive,
the procedure 135 %hi t EF BRI IIREEFIR st C8PparkR usPr8rEdss8 oy Thi s
vari ant carpmzdkimireamoper abadenttrationhe tdaAN e apPAEBEHNSEsSni N for

al ternation. ){ féys#JgI lizati on can also be effected. by conventi onal
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0050/ 51364 Ian fibé t65¢1 Hed! i £CHhEI Bygabkensﬁageae. preeceded v eRig! | m nary
concentration ot_f the sus enl_slli)n, ior exanpl e \t/ means of one or "nore
hydr ocycl ones ™ 99% u‘g]és RhoWAL pEPIERYORNFERTEPENGEE HACCRRtSESdr 5
conti nuousl yarerelsai tsaliltaler. t heheertirlifngaidroncaht advantegkoagdygnt ageous
to use pysh c ' es,, which can_he, operat, in one or._nore stages.

R vas gp%éé{g& Eb’emeanshe?Pcﬁ?%&%e%&ﬁ%@gﬁvri"f fﬂ%c§

Screen-conveyor ~centrifuges of I fit er s)
are al so suiarEstatedrieat¢hwise i on camtidvansigeeus] wilth berefiietibed by

means of Sugl iqn fidd ersy Whifbafans PepePPeER] dhat ChRLSE ;9L GonLi nuously
and with or wthout
can generally be carried out under superatmospheric

pressure or under reduced pressure.
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 product.

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

preferred washing liquors 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),



a stirrer, or by neans of belt filters. The filtration can generally be
carried out under superatnospheric pressure or under reduced pressure. 15
During and/or after the solid-liquid separation, provision can be nmade for
further procegspptepsato increase the purity of the crystals or crystal
cake. In one particularly advantageous embodi ment of the 20 invention, the
separation of the crystals fromthe npi@e{ IiEuor is foll owed by mashln?
and/ or sweati of the crystals or crystal cake in one or nore stages. In
the case of ?A)gghi?ng,m? = G RRIIRET i gior @ 25 BifRAd igadtiamabl y be
between 0 and 500sgagerodOftgpod) crystal |l i ne product, preferably between 30
and 200 g per 100 g of crystalline product. Suitable washing liquors are
organic or inorganic 30 liquids or mxtures of such liquids, exanples of
preferred mﬂ%hingalmqhbr@fbehngdaytinseﬁeimasecMyyﬁahiﬂzamﬂdi(Qda@&nt has
been used in the,grystaldjzation in step d), said liquid 35 diluent, b) a
nmelt of a crystalline product obtained in a crystallization stage of step
d), 0050/51364 18 C) a nother liquor obtained in a crystallization stage

of step d), Ted) RaBBLhgOf @Rnedude Usedribo@egrystalli %.g?a.%t%ﬁts%%e 5 of
step d). The washing c be effecteg i n apparatuses conventionally used
for this purPBEERTHORE 1%y e yeolSTt o YEES waSMIESsEms, i nLfhi éi% the 10
separ ati on cidtdretamadies | bquorusand waeh wasbilngnkake il ageiéR ORGe

apparat yp, GEBLIINAGS: oGl CABRE: NN UL OfalRIS, StAYES: O
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

15 Dbeing possible for the washing liquor to be conveyed 1in

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 1is 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, preferably 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 liquor can be recycled
into the crystallization, optionally after impurities
have been separated off.

Caprolactam can be obtained in a purity of at least



belt filters. The washing 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 countercurrent to the crystal cake. Particularly in the case
of crystalliggtheyiwghhout the addition of an aid, the washing |iquor can
be recycled 20 into the crystallization, optionally after inpurities have
been separated off. Sweating is conventignally understood as neaning a

| ocal nelting o% %ogtanina ed re%ions. The amount of 25 sweating shoul d
advant ageous?y* B&*0°Y V5168t Brefereddy Sfy$Laliq f9 HVddet RFSHLO g of
crystal line pyotlhhetprpsent pposyeati ng, 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 so be Thgpraprirdaetan coihtsiimebissingthadpsneassngdaoraieg appar at us.

Particul arl ypjho t f styal i o] .t th 35 additign of an
ai d, the%rmt%l(lla? Iiﬂg\l’%?é%%lg bgéﬁr{ecl%:l e%?%érl]t Qf%e%%/stpafefgfazra t_iloorlrf optionally
af ter i mpur i PPEEANHESe bied BebesaprelattamCaprol act am can be obtained in a
purity of at |east 0050/51364 19 99.90% by wei ght, preferably 99.90 to

99. 99% by mg%ght by the present process. The caprol actam obt ai nabl e by

t he process %%?%?%g to 5 the invention can be used for the preparation
of polyam des |ike polycaprolactam Exanples 10 Exanple |la Preparation of
crude CQBrOlﬁQ%éﬁﬂg- apurification sequence was carried out with crude 15
caprol actam ob ned according to WO 95/ 14664 by the

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
per 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 reactor 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%.

35 Example 1b

Purification of crude caprolactam by crystallization

492 g of liquid crude caprolactam from Example la were



cyclization of a 10% ethanolic 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- am nocapronitrile (ACN) in water and ethanol (10% by wei ght of ACN, 4.0%
by wei ght ofgyegee,364€emainder: ethanol) was passed at 100 bar into a
heated tubular reactor of capacity 25 m (dianmeter 6 mm |ength 800 mm
packed with titani um di oxide (anatase) 2% in the formof 1.5 nm strands,
the reaction tenperature being 245C and the residence tinme being 30 mn.
The productS%5Y¥F eaht 1 289i r@”‘tﬁg‘ereafc,lta&r wRS1gdal Yoegomy Bhate of a

chr omat ogr apfiyireefivveesson; 100% yield: 87% 30 The reaction di scharge was
freed of high-boiling and |ow boiling conponents by fractional
distillation. According to gas chronmatographic analysis, the resulting
crude capr ol Be¢ arhdiarbma pleitiey of 9@h<90%es%e]Examsl ecbblE?drifir@xat ia@fl of

crude capr 0'131%@{%?%%%%%\%%&3%%%5 CA%& | %LE ?h@:‘iﬁd ca | act am

fromExanple la were crysta |ze eed'fbottom
plate of a &t¢rEearesasere hesl bbalben pbéﬂeWoftltehenevblssred! masntomifed from

an 5 initialnd eppgsat beprofateamind d,ate anségn % lI”l the
tenperature had fallen bel owthe nel ting_poi nt of e cru e cap|y6§| actam

melt, a consRant4F yr GRPFG Las&m GFYEGPéScaﬁPéma@ta%ch alo®Aflgmged on

the cooling sstfdase. To emswre & g@@&iﬁiﬁéﬁér@blt E2B8ikt t9BnbJarerRnl0 the
l'iquid alrad Sﬁllé dlghasgsa ri ng_L§ rowm h, process t he cgude caprol act am
t

melt was stirred With a“vVané® SSR SHOIIPntRon SR OoVE OGS Sof
crystal nnssth¢1ad:mei&chedp3¢8agt@yu ehel 77%ay weigheyd, whehcaol vage was

stopped,  {NesSiiyder apas i 1500 GhleANEhlNGelant! Idf C8yERSE! i3y rotated
g 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 1liquor,
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 1b.

Table 2 shows the conventional 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”).



bott om was now poi nting upward, thereby separating the residual nelt
enriched in inpurities (nother |iquor, 23%by weight) fromthe |ayer of
caprolactamcrystals adhering to the bottom plate. The nass of caprol actam
20 crystal s qayg 14 enoved by dismantling the bottom plate of the
vessel. Table 1 shows the properties of the crude caprolactam of Exanple

| a and the crystals and nother liquor a@ff 25 Exanple Ib. Table 2 shows the
conventional required specification of commercially avail abl e caprol actam
t oget her wipt-h—the—ecorrespondingyalues of the crude lactamof Fxanple 30

| a and t he{capr ol actamuptr | thesh acaew di ng i® Exanmphe | b | decerystaks') .
0050/ 51364 {21 Amount r oOACNHVDEACEECLZECQL [ % by|wei ght]| Crudel099. 90p2
ppnB81 pprmlQl ppnB5 pga ppmlac tam Crydgtal s7799. 9914 ppnxl pppb ppmlR
ppnv ppm IVbt her 2399~68§212]0'5 ppnil2P2 ppnd31 ppnil05| ppnB1l pgpm |iqupr Table 1

Fr ee V_oI at| ngnl or ases gg:sg%s Ag)goprplr)nan%gtng&%)e' E’ﬁNpLHrJE%/SkgM m=(2:]£ kpgpjIn

Speci ficatijo 10. 50 554

lactam

Crystals | 77 99.991 | 4 ppm <1 ppm 5 ppm 12 ppm 7 ppm

Mother 23 99.832 | 205 ppm | 122 ppm | 431 ppm | 105 ppm | 81 ppm

ligquor

Table 1
Free Volatile Absorbance Color PAN
bases bases number
[meg/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 CO;-free
distilled water through which nitrogen had been passed
were adjusted to exactly pH 7.0 with 0.01 N sodium

hydroxide solution, and 50 * 0.1 g of caprolactam were



Crude |l actaml. 30. 730. 187.27.8 Crystal s0.090.34001.6 5 Table 2

Abbrevi ations: 10 ACN. 6-am nocapronitrile HND: hexanet hyl enedi am ne EAC:
et hyl 6-am nocaproate EECL: E-al pha-ethylidenecaprol actam ZECL:

Z- al pha- et hydgglenecegy ol act am 15 Met hods of anal ysis Free bases 20 To
determ ne the free bases, 150 ml of C02-free distilled water through which
nitrogen had been passed were adjustedg+4o0 exactly pH 7.0 with 0.01 N

sodi um hydroxide soluytion, and 50 0.1 g of caprolactam were 0050/51364 22
added. The rﬁ‘ﬂ‘?ff‘e was' s HBHFEHEF at8d (1 95H Yibraked to. 02H N7h§dmsdtl ori ¢
acid at 25C.0.Te Nrdpsitddriafic f aeedbase gt d t here berepbetlshed s
according t r.m I A {m)_ denating.the volunme of 0.01 N5
hydr ochl or i %Jaécﬁedbégﬁsu@éng%\gfee aﬁsnés c:aqd?lglla&e%}k 2CCPE68150 t—QOP%ex A

meq/ kg. Vol dignmaulsnsbeleyB) A0 (The viérotiimg bades welemeetodr nd ned accor di ng
to 150 8! andanbdifli{c Capral aekamlf. | NEYEL! Wl die. - ghRyerm patd on of
vol atil e bases content”). The volatile bases were 1iberatéd f For't Ke sanpl e
by 15 distidd%i%h 5 P & k@& dedi um (Kj el dahl apparatus), trapped in
0.01 N hydrochloric acid and determned by titration with 0.01 N sodium

g?/dr oxi de svoolltétgi n btheesl n(l\}]?!)al wei ght of caprolactamsanple was 20 0.1

10 The volatile bases were determined according to 1ISO
standard 8661 (“Caprolactam for industrial use -

Determination of volatile bases content”).

The volatile bases were liberated from the sample by

15 distillation in an alkaline medium (Kjeldahl
apparatus), trapped in 0.0l 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.

20

(B - A) x 0.01
VB = x 1000 meg/kg
20

25 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

30
The absorbance was carried out according to 1ISO
standard 7059 (“"Caprolactam for Industrial Use -
Determination of Absorbance at a Wavelength of
250 nm”) .

35

Color number

The color number was determined according to



20 (B- A x 0.01 VB = x 1000 neq/kg 20 25 A = volunme of 0.01 N sodium
hydr oxi de sol uti on consuned B = volune of 0.01 N sodi um hydroxi de sol ution
consuned for a blank determ nati on Absorbance 30 The absorbance was
carried out ges@reifngato SO standard 7059 (" Caprol actam for |ndustri al
Use - Determ nation of Absorbance at a Wavel ength of 290 nni). 35 Col or
nunber The col or nunber was determ ned sgcording to 0050/51364 23 | SO

standard 81lf 50 Odl % ﬁi %aprol actam were dissolved in 50 m of
distilled wate? Treadas 1€ri enneyer flask and left 5 to stand until the

air bubbl es had di sappeared. In two reference cuvettes (1 =5 cnm, the
difference i absor.bance A290 bet ween water and ClL/water was determ ned
at A = 390 [52? cl E)rhl 1 %(gl ocrapﬁuoﬁlba\éc\?caén 1%%° & %ﬁﬁ%y\éﬁndﬂj ?0 Aear¥st

i nteger) Pedhaibhed ewabsor g om AGfberd (BRANnrhePAN a8k deterrdsed
accordi ng tocd SQ standar ¢, 864Q. [ s, dane;. ddi ng, i dentical
anounts of 0.01 N pot ass%u%ﬁge?%gngg%%}g@sgg&t ?&%%Pg)egrfg})'(m té("cfueous
sol uti on of T2pPOPREs anfEyREEDS a bl ark sanpi® , (ditst i |didifenarare) . iAfter 10

mnutes the absorhaness A.20 obdgidart heygaprol agham sanple and the bl ank

sample  ver & SoIpared; &l 420, 13, 1, g Imnganat e absor ption

10 Color number = 150 x Aj99 (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 Dblank 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)420 X 100/3



nunber is calculated according to the followwng formula: 25 PAN (Pl) =
(A- A0) 420 x 100/ 3 0050/51364 24 W claim 1. A process for the preparation
of caprolactam wherein 5 a) a mxture (l) containing 6-am nocapronitrile
and water isphegeteslsin the liquid phase, in the presence of a catalyst,
to give a mxture (Il) containing caprolactam ammonia, water, 10
hi gh-boi | i ng components and | ow boi |l i ng,, conponents, b) amonia is then
renoved fromthe nxture (I1) to give a mxture (Il1) containing capro 15
| actam wat € Hit@H"boi | i ng conponents and | ow boi | i ng conponents, 20 c)
water is then renoved fromthe m xture (I1l) to give a mxture (1V)
cont ai ni ng capr o- | act an;f hi ?Ab boi |l.i ng conponents and_ | ow boiling
components, and d) &R FH (V)°Tont’sF nifs GHAEt £ | SaRFH 2RI ned
fromthe m xture ¥h&felryy 25 crystallization, the proportion by weight of
caprolactsamin the solid (V) being greater than in the mxture (IV). 2. A
process as clainmed in claim1 wherein the 30 mxture (I) additionally
contains an orgarfkt |&qUildteireuent). gonpapndvgsS-asniclcaiamewnindllai m 2
wherein the liquid didueniats,reaoveddstap oo belgies gHLLRY Qr 35
after the separation of the water fromthe m xture ’

the presence of a catalyst, to give a mixture

(II) containing caprolactam, ammonia, water,

10 high-boiling components and low-boiling
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 organic
ligquid diluent.

3. A process as claimed in claim 2 wherein the liquid

diluent is removed in step c) before, during or

35 after the separation of the water from the mixture
(III).



(rrr). 0050/51364 25 4. A process as clained in any of clains 1 to 3
wherein the | ow boiling conponents are separated off between steps c) and
d). 55. Aprocess as clainmed in any of clainms 1 to 3 wherein the

hi gh-boi I i ngypoEgt s are separated off between steps c¢) and d). 6. A
process as clainmed in any of clains 1 to 3 10 wherein the | owboiling and
hi gh-boi | i ng conponents are separated off between steps c) and d) . 7. A
process as clainmed in any of clainms, 1 to.6 15 wherein the sum of the
contents of % gh- pboPFPﬁﬁséndaFovEW“Fefq'ngl@onﬁ%ﬁerﬂfs Cﬁé‘tlfﬁsnciludimg%vat er
and any |iquid dlehtﬁjﬁ:Lrpl‘ EEentlow-l’bdlh_EJ.rE@ Xbbbhglon_éh‘%s Us£dl |s@p}?§:@.}%e_@) Ii ?t
| east 100 m b pr.oce s clainmed in any of clains o]
7 wherei np!tohe Zryflfe}l% At c?ﬁceipns Stle rﬁariﬁs Cﬂs effected in the absence of
aids. 25 9. A process as clainmed in any of claims 1 to 8 wherein the
crystall gzatg on |An EESEeg)s i sseffegtaedy on a,gool eéj %Fﬂa&ﬁ%e pn Y V\:hl gh t he
solid (V) grows. . A process as calrre in a aE 1 tod

wherein the not hé‘thrl‘%iﬁbrt]%)%t Bigbgbatdénot WWTEFIS i 2@ §npgfra9t5ép d) is
mxed with the B WEwdeY sacrég)sr QOYG@rRd dynto step d). 11. A process as
claimed in any of clains 1 to 35 V\/nerein the crystallization in step d)
is effected batchw se.

6. A process as claimed in any of claims 1 to 3
10 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
15 wherein the sum of the contents of high-boiling

and low-boiling components, not including water
and any 1liquid diluent present, in the mixture
(IV) used in step d) is at least 100 ppm by
weight.
20
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.

25 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
30 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
35 wherein the crystallization in step d) is effected

batchwise.



