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PEFgﬂﬁép Met hod for purifying caprol actam The present
invéntron relates to a process for renoving high

boil ers from crude caprolactam which conprises high

boil ers, caprolactamand in sonme cases | ow boilers, and
whi ch has pbeen 5 obtained by a) reacting

eMshphoEBY @Pfofasaf t h water to give a reaction

m xture b) renoving amoni a and unconverted water from
the reaction,m xt Ur in cr . . I
WP oD it fo B Lo i B SF RER 36} BBroictam
dwkith tdmaptriserhighpeéerstaagrotactamiznd imsoneSasesflow beiletsudriwhichirhas been
Vhtﬂaiﬁapoyt op as a product and a second substreamvia the
bottom by setting the pressure in the distillation in
such a way that the bottomtenperature does not go

bg) owehdiidg6-amitbcastbrifile with wak? ts@@adagtioh Mixteem i n such

a way that the caprol actam content of the second 20
substreamis not |ess than 10% by wei ght, based on the

epf i r endeiagadmenibahd erohveRed waesiesn fhe regatiaaikturego obtain crude
capr ol a(r:gla%rt%r‘gre comon know edge. It is |ikew se comobn
know %acfg , 10r exanple fromU I mnn's Encycl opedi a of

I ndustrial 25 Chemistry, 5th Ed., Vol. A5, VCH
Vérlagﬁgﬁgﬁ%&ﬁapaft nbH, Wei nhei m (Germany), 1986, page
46- 48, or Kirk-OQ hner, Encycl opedi a of Chem cal
Technol ogy, 4th Ed., Vol. 4, John Wley & Sons, New
]j(e)r K, Lebeiaéimemage _oa;ﬁaa?&mwal\ distativh ﬁﬁﬁmy\dﬁioﬁhini s used

or t reparati.o 0 r as to have a purit

of frgﬁ]rsgﬁﬁgtr%a(r)n 3@&5%%88%?&3 {a‘ﬁtea%ﬂai ninpurity i g Y
t ypi cakespndatbsireanmvia the batiemint of from 0.04 to 0.1 %

QL her ) Gk it 8ssRYn A8 aRfiRHSHIh QR ahwdyhdt (B bbfisH Ripefatife does
30 maxi mumof a few ppm For instance, caprolactam can

be prBPHPEEONY7EBEeRMann rearrangenent of cycl ohexanone

oXi e adjiidtifg fdlsbebni GutGredn AV suth 8waY thafthecaprittantdaniat of e second

f th ] Xt bt aj I 0 thi ith '
o o PSSR B A M PR Pl
formed as a by-product by extraction with an organic

fﬁto%@&tes fo$ﬁrteE§ﬁ§re(]%ﬂarglgcthﬂ Al @i RGGSwEdel OF Preparing

reacta to synthesize cycl ohexanone
it is likewise common knowledge, for example from Ullmann's Encyclopedia of Industrial
Chemistry, 5th Ed., Vol. A5, VCH Verlagsgesellschaft mbH, Weinheim (Germany}, 1986, page
46-48, or Kirk-Othmer, Encyclopedia of Chemical Technoiogy, 4th Ed., Vol. 4, John Wiley &
Sons, New York, 1992, page 836, that caprolactam which is used for the preparation of
polymers has to have a purity of from 99.9 to 99.94%, and the main impurity is typically water in
an amount of from 0.04 to 0.1%. Other impurities may be present only in the region of a
maximum of a few ppm.
For instance, caprolactam can be prepared by Beckmann rearrangement of cyclohexanone
oxime with sulfuric acid or oleum. After neutralization of the mixture obtained in this way with
ammonia, the caprolactam can be obtained from the ammonium sulfate formed as a by-product

by extraction with an organic solvent.

Depending on the processes for preparing the reactants used to synthesize cyclohexancne
oxime, such as cyclohexanone and hydroxylammonium sulfate, the oximation and
rearrangement conditions, the crude caprolactam which has been obtained by Beckmann

rearrangement comprises impurities which differ in their type and amount. Typical impurities of
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opFRpeguUch as cycl ohexanone and hydroxyl anmoni um

sul fate, the oximation and rearrangenent conditions,
t he crude caprol actam whi ch has been obtai ned by
Beckmann rearrangenent conprises inpurities which
differ in their type and anount2 Typical inmpurities of

PEru&é‘%@olé’ctarﬁ WHIIhSsaRER b&ﬁlﬁ@é‘%ﬁﬁc%aMm%gé}n&ﬁ%@ ARty

X?Pgeckmang rearrangenent are C- nethyl - rol act ans,
6 SAREQIPRIATS PSR lerdactaThaL RaTACeteBidani de. For the

pur| fication of the crude caprolactam obtained in the

B B PR B RSB B v

carpceslseasmarmbemebmbpd.rl fied by hydrogenation in
suspension in the presence of a catalyst and with the
addition of an acid. 10 According to DE-A-1 253716, the
c AeReEdingelp PEHat253R & the chidesaprpipttam caly bhpuif @fg@ﬁarmogenaihm in

S LSPERTINGN e rprésa%em 8880681 o aF?J with (R8b@ditka lof agkigmi th t he
addition of a base. 083 describes a process for

purifying crude caprol actam by initially distilling -
cmmbmmgaaneoi-azaaam afectrmkaa@qluaahlcyn bélpFHed MadioGerfion in

Ry R TR T Gl

Accordl ng to EP- A- 411455, the characteristic inportant
GBBlA-+308b BadcHERS Jreaesgfapﬁ&l B A0 oRBamEy ) Aiflin Yruce

cont i nuous hydrogenat | e crude caprolactamin

| FRpIRIapt fﬁ‘hé‘%‘é Y, d'%"@ Y1 @8 otgapiF sP¥RRY. AMdrogangtingiinsthe presence

outaadam,dtwmatdfeeﬁcymlaammg&mam enoi ¢ acid and/ or

its esters to 5- fornylvaleric acid/esters as the main

products and 4- and 3-fornylvaleric acid/esters as the

bycwp:ﬁr@dq EPA-419455, Hetchamctelifiic Mord@28lityoeatdies fdr Iciaplblhctam can be
forp

A S 2Phe el o 5 0oL Y L e

aci d/ esters to 6- am nocaproic acid/esters and/or

6eaie eé;{ramtaﬂ amcﬁle oBtifhe@ B¢ hydza&rtr@ramg‘s @en@éﬁbia%.aaﬁ@brqts%&ers to 5-
ers or noca m Qe
C IS AT ers 28 e Bipd 00 4 A8 LRYBRGHTF STPBrS 3t e by

C prudm:tsc extraotived Wan9 202208 )ton elsﬂldﬁhet(WQMG 1 ZG)WenbgVamn@sé bmﬁched

%alseggkg\h/@% gﬁﬁﬁfg@ gyd‘ng%ﬂ%tﬁp oP%- FB%ﬁ»ZQIe fc'a&dl%?t&.%

namnma@@woac-d@sm M(mﬁﬁmmcemmm@mcmmpn gfrfawmcaam:

C /€319 BB -Belin 8pRInbARERbRaiRY ot NP tRaAHBGRies EXampl e 9.
In this crude caprolactam from which high and | ow

boi | ers have not been renoved before crystallization,
R0 TP aler i FUoh e Gy ) BRiion o1t hepeiont of ater

i eipained startngfemeS-foregeridric esters is disclosed by WO 99/48867, Example 1, and
starting from mixtures of 6-aminocaproic acid, 6-aminocapronamide and corresponding
oligomers by WO 98/37063, Example 9. In this crude caprolactam from which high and low
boilers have not been removed before crystallization, 6345 ppm of N-methylcaprolactam,
100 ppm of 5-methylvalerolactam, 78 ppm of valeramide and other impurities were present. The
crude caprolactam/water melt impurities were present. The crude caprolactam/water meit
impurities were present. The crude caproiactam/water melt was homogenized at 50°C and then
cooled to 30°C. The precipitated crystals were filtered off and washed 2 to 3 times with aqueous
caprolactam. 5-Methylvalerolactam and valeramide were depleted to 1 ppm, and N-
methylcaprolactam to 51 ppm. 73.6 g of crude lactam provided 33.7 g of pure lactam
{caprolactam yield: 45.8%). The specification for the volatile bases (VB) was only attained by a
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Ep%ﬂ o6@prol actam water nmelt inpurities were present.
The crude caprolactamiwater nelt inpurities were
present. The crude caprol actam water nelt was
honogeni zed at 50C and then 35 cooled to 30C. The
precipitated crystals were filBered off and washed 2 to

3sdcbREsyathitRticRavReN ﬁ.gn SRN6R bar&samre %n%écm’ér?( fhle @FURE 353r8%tam

and val eram de were | et ed

&Py Itrt?acﬁfs%ﬂ"'é%tPﬁﬁF?%d'@lt°W 7%356 é}‘aﬁ‘P'e& mgamra'efta%V*eld after
pErgstaleatbndses 52¢. of pure |actam (caprol actamyiel d:

45.8% . The specification for the volatile bases (VB)

was only attained by a PF 54060 3 second

CYW(s$946 5987 F furtherrdiscidiesrthds efgetivenadis brptivniud capesi sctame frem mextureedith 4-

B PR I 38 A P
ybesahydraphenpzingenagdserbenty siuch@a agliysted 2arbors MABCY ) BFEYY zeolites to
f bisthif ﬁure %ﬁr&b&&ﬁ %ﬂér}b%sérﬁﬂoﬁcfﬂlé’(%g%%%ﬁpkhﬁgﬁhl Riay be followed by a melt

caprolactam from m xtures wth hyl - 2- pyriol 1 done,
SCM%@H?WUEUQPD@PW§WH%”WBaéPH?F 2-pyrrolidone and
3-met hyl - 2- pi peri done or octahydrophenazi ne on

SQ b ivated ca S

ol B G BB e b Sl oo o o
darsippgapionitrile FvoslingdpWVE! 2837863, claimp8,aind imétipliyteydiolykihgwistwager to give
g %ﬁuﬁrlocap?&ué’ %@Wdt@rgfwg gmﬂfania ‘?orl‘ﬁ&é( By @)Ptd a«éi@tal'eqne refABVed, the 6-

sol vent actam can
b@“ﬁa?ﬁpfq'%ﬁf'dds-)r"@fiy%ﬁva'rzpi’ g the wsulgrtgeﬁwqe@pm@etﬁmes crystallized
agdcorRmald WO do74dse7.according to WO 98/ 37063, claim 8,

and initially hydrolyzing with water to give

6- am nocaproi c acid. Water and ammoni a fornmed by

hgabrdhgtsrh samaleo hehehtaimediny vestting hamiGecapmnitriec@GNG with waterdn the liquid

{ QB th the kol 85bsAR of ACaubifiT Wit hBSaLkb R fiARTL! act am

IS crysta |zed accordingt
Capr ol actam can al so be obtai ned by reacting

6m5hﬂhlﬂ&ﬂ8fééﬁﬁlbét§ﬂ1| watérOéehbhoté bt iMB&rRE cdsBs hhﬁer'hhtﬂ@lh:ﬂjent the mixture

n the resence or abhsence o cat
Fesern e ERER P a5 TROZRAPPF S P APt o cambiectam
Whighrbpileasirand thesehalingra boiingpart delsw that bfivaprolattgmi(ldw boilers).
diluent, the mxture obtained in this reaction

conprises i mpurities having a boiling point above that
oThecexamplent UaA-4961844 Hisploses dhat Frudsmepprdiastas i gbteingd ia a purity of 99.5%

bQﬂe'r 'tH%Q‘erﬁQUal"&f “E?e'r @Mvﬁﬁ%mrﬁf)m& W BYiIErS bAITHIGH SHerd Gohred Mikture
941 di scl oses that crude

c%?'&?ddg?"&r??‘i‘cé°‘b?f%ﬂw‘@@ water anghsavenl, of 99.5% 25 after

the renoval of water, solvent, anmonia, |ow boilers and
%@nﬁ?; ﬁgﬁrﬁ%ctgﬁm é:ﬁ hg% E)(éeﬂrogta%% ﬁbrﬂ ?\%N’ |ﬁ]thten8um§ St?a% dtHér Burlflcatlon
processes are described, since the impuntles of such crude caprolactam differ significantly from
those of crude caprolactam which has been obtained by other processes, as described in US-A-
5,496,941,

According to US-A-5,496,941, ACN is converted in a first step in the liquid phase to
caprolactam, low boilers, water, ammonia and optionally further solvents are removed
simultaneously, high boilers are removed to obtain crude caprolactam in a purity of 89.5%, this
crude caprolactam is hydrogenated in the presence of a catalyst, the resulting product is treated
with an acidic ion exchanger or sulfuric acid and the resulting product is distilled in the presence
of a base.



10

15

20

25

30

35

Fgﬁ:%ﬁwge caprol actam whi ch has been obtai ned from ACN
inthe l'iquid phase, other purification processes are
descri bed, since the inmpurities of such crude

caprol actam di ffer significantéy from 30 those of crude
caprol actam whi ch has been obt & ned by ot her processes,
as described in US-A- 5,496,941. According to

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

| V¥R D827 a Slisclogps asupnest R PHINiNg wudelsepriolastem whighstems from liquid
aABHERI cHclidtidn OP8-bARBEdpYonfirilé iteRatSOh ¥R steAdetf b IR Snd3S

si mul t aneousl oilers are renoved to obta

, high b d t i n
o PERIOSERE0S Fadistin s 2se8s, oy eaptsiagy = (el Mibatated. then
C apated @it aoidid agehigdino Geanpadietded in thidweghesegali.of a
catalyst, the resulting product is treated wth an
acidic ion exchanger or sulfuric acid and the resulting
pAatiRadvantage df these tve durifinatioh @rosessesisdient thode seprateaeachen steps are
S4QRedfoMi ﬁ%&gﬁ%%fgbra%asfsaarﬁ_ process for purifying
crude caprolactamwhich stens fromliquid phase
cyclization of 6-am nocapronitrile with water in the

PIDESR0 2 19§ ARasIDE €00 210198 dRtlosd¥Bb BlifEAIR BY SryQaliAliorsdf Saprolactam
I n thliﬁgrocess rude caﬁrolactan1|s initia

[ 1
hyBPEEL R OF perAtase rlisatienAig] oyl PB"?”&”‘%[@%?H"?%%
finally distilled in the presence of alkali. A
di ' i . .
t g SRR 0ReRlonc G iy Al oo 1 B REFRRE Sollea rom ac
t havedhegisadyentage taat theyaee teelpicalyremalinated@nienergoiniensivegin particular
Alas aBehseluchBofdfe dliderélissepaatglshtgs puri fi cation by

crystallization of caprolactam obtained by Iiquid or
gas phase cyclization after renoval of ammonia and
wittissan objdeeofpicoreseatisvembiart to progide b @rocpssrwiioh angbles thel ereparation of

j ' f) ACH . .
G POLASH AN e RBET LR FRAEN (ALY oAFH e
e SEPpANd eNergE BaMNg Mapnerar t i cul ar 15 as a consequence of

the nunerous separating steps. It is an object of the
present invention to [ rocess which enabl es
t

on to provide a \
e Sy FReLS GblectisarPieverthvang MFesh IRRed BUBSOBRLai ned

starting fromACN, in high purity and in a technically

Si AV Savi nNg.. haye, { b o
HTB Bl EOS B RARRAIT IR ol AONR R bR i
o &y eeactingiGramibrsapipoittieswithaxates dtording to stehealamddht i on,

crude caprolactamis used which has been obtai ned by

reacting 6-am nocapronitrile with water according to. )
Sﬂrbsﬁ%o %)) a glﬁ(aJF%SI)_ comprising 6-aminocapronitrile, water and optionally liquid diluent is

converted to a mixture (1l) comprising caprolactam, ammonia, water, optionally liquid diluent,
high boilers and optionally low bailers, preferably in the presence of a solid which catalytically

supports the conversion.

The ACN required for step a) can, as generaily known from Wimann's Encyclopedia of Industrial
Chemistry, 5th Ed., Vol. A5, VCH Verlagsgesellschaft mbH, Weinheim {(Germany), 1986, page
48, Fig. 8, be obtained from adiponitrile.

Particular useful processes are the partial catalyzed hydrogenation of adiponitriie in the
presence of ammonia as a solvent and, for example as a suspension catalyst, rhodium on
magnesium oxide (US-A-4,601,853), Raney nickel {US-A-2,762,835, WO 92/21650), nickel on
aluminum oxide (US-A-2,208,598), or, as a fixed bed catalyst, Cu-Co-Zn spinel (DE-B-9544186,
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2prlsdoggep @), a mxture (1) conprising
6-an1nocapron|trlle wat er and optionally liquid
diluent is converted to a mxture (I1) conprising
caprol actam anmoni a, water, %Flonally liquid diluent,
hi gh boilers and optionally |ow boilers, preferably in

t D§-APF 857814 ForGron ’gb@ﬂh? d5Whé)&ha %ﬁ:@ésm&ahag ¥ USSARRA5 i 50, US-A-
t he conver sl on required for_ s

CRARN A P rioass PRy i & Piofesy dpeFibeH U&R-s«we.gm.
I ndustrial Chem stry, 5th Ed., Vol. AS, VCH

A RIS B b R B e
usyeifaskanationos Sstadier ie tHelpeespacet of aicket-adradiyiagchtalysts and is commercially
2%%@%%2%3%&%% ffroﬁcﬂl&gngkgrwe%esgls&%ﬁ mb%-?& EB%&?%‘?&nn%fm Germany.
suspensi

catal yst, rhodi um on nagne3|un1OX|de (US-A—4 601 859)

AMirlY 16 bg'Ai b5% dis2mikfife @%ﬁn b Qs ﬁ'lmure i i;hﬁé 2 gfbhase over
al um ndm oxi de (US-A-2, 20 , or, as a fixed
c 8ilicg|9¢kat 30¢G. CO Zn spine) (DE- B 954416, PF 54060 5

UBquiiiy i%on@&élbn €dn Yelcanied Bﬁ'aéco‘iané% UEoR ) 605,028 i tHeGfas Phase over a
accord 01, 964,

EBICR. gf %’e” gl—?%”'i'? b@ﬁ'ﬁﬁ’ééﬁ'h@roxge ﬁ?tB' ss described in
USeobrding46 6RF4A029F40e the déaution dan ibk earriedtoit inglie presentépfatalysts which
CQ@%QIE% dr&u ?B@ﬁ@'&?&de@ ltogcih%! hafided, 9§an 2Rl diuRYiead, mercury

doubl e anat | on of i'ene I'n éfresence of
nPicat e e&ﬂ?ﬂ"ﬁl rﬁf"ﬂ% a alp@icyumaerphiom 21 o ,fr@m 91tg/48. The catalysts

ayedchitalafs uded as SUEPETidH cafalyBlinBatihivisd sFhRutclaves.
Gesel | schaft nmbH & Co. KG Steinheim Germany.

According to US-A-4,628,085, mxture (lI) can be
cBlixtuze {)omhnatso e xonvered tb imixtare (1) Her egzamplprmerdiog trEP-A4i669 ¢4,

IR0 84122899 B ?é%sff%ga\kbﬁegngtb gigBn can be carried

out according to e gas phase over a
silica gel or copper/chronlunibarlun}tltanlun1OX|de

C@ﬁ@éo‘x‘u%r&orﬁ@éﬁﬁréﬁ@ﬂ b@cft%d%u?ﬂzr%?’fa@ ph&d’é%t feﬁﬁ:’éiahﬁék &@Bnerally from

carri ed pr esgnce of cat ag%/sts
D B prelBrabtyopAAI G ANC o Bessira iy Bdhe rangs Hom 0.1 to
had batesrefeyRat steosphbrid prosstiel Btholigtochre MBNE b WkerTthatatie redtion

¢ P b Preisariy s S8 Mo e ToRuol ahbBBs” 2 1030 %k

suspension catal ysts in batchw se stirred autocl aves.

exa &{taffys hauri§ r@%c@b&@c.ti&‘é‘ aFeQW&W £5h b@s 19 2% Fl%ffs('éb' Ze)fron%c @ to 1.5 kg,

19‘6@2@@6" f?océg)) 3ty 14% ote- gpnh%gggyrg%@@ter of catalyst volume per hour,

The conversion may be carried out batchwise, but preferably continuousty.

Useful reactors are advantageously those as generally known for gas phase reactions over
moving or stationary solid cataiysts. Preference is given to using a fluidized bed reactor,
preferably fixed bed reactor, such as a tray reactor, in particular a tubular reactor. Combinations
of such reactors are also possible.

Generally from 1 to 50 mol, preferably from 1 to 10 mol, of water are used per mole of ACN.

The mixture (1) may also comprise further organic compounds which are in gaseous form under
the reaction conditions, such as alcohols, amines or aromatic or aliphatic hydrocarbons.
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ﬁ onversion can preferably be carried out in the

gas phase at tenperatures of generally from 200 to

550C, preferably from 250 to 400C the pressure is

generally in the range fromO0.01 to 10 bar, preferably

at atnospheric pressure, althoﬁgh care has to be taken

that the reaction mxture is predom nantly gaseous

under the conditions enployed. 25 The catal yst hourl

sk cyatisalin acie meoyngdp PE%P F@la'v%?fﬁdorc%ame'e?"t@@n dioxide as

Pyedgehid Biivonfdioie laskilitHgél. k%sbl@u hr, d]Lﬁrti)é\'_f rhikiGiek &lerdof, @5pder ehromite,
pronitri

to kg, of 6-an liter of catalyst

B Gradsufin g s REEE ROk eretrafifanich Sl ds. stk Shosphates
blabtbdérwsexideb,Ldnd prse frtabd of sogndonmoonds! y. 30 Usef ul

reactors are advantageously those as generally known

for gas phase reactions over noving or stationary
shlbinmumepxige jssuiablern e @pdifieatiorsyvhigh\cembe ebtajrgdity haating the precursor
F LathgdlrRBIARSnt RRkdxRe (g.bﬂart@fbs&rﬁrmeypsfeua%gemfé b8k Bha diaspor) at

such as a tray reactor, in particular a tubul

r SBRrERS femREFA P ANPSSriRclidg i %”dﬂH'aF QAT 209 2PB8 zdggjnum oxide and ther

pessirdy. €. 35 Generally from1l to 50 nol, preferably

from1l to 10 nol, of water are used per nole of ACN

The m xture (1) may al so conprise further organic

c Ditgpoontiexidets amoramms and gmstde nsall ftp modificatiens, prefesbly@nsteseoand rutile,
lidol RS es§ I's, am nes or aromatic or

alip atlcih rocar ons F 54060 6 Useful catal ytically

active conpounds of the catalysts are, for exanple,

SLériti’%ﬁﬁ\n Qhwph@&@s a& sud%)ﬂe%lﬂ@il‘ Garidid mwﬁtaabnwtamom.c ratios between

t t th
SHEREINGE T AT
otmathephopphettes Dmob'}osplnatmuummsjﬂhmqsp}aﬁesloatlbmbﬂtes polyphosphates),

p}agagm §5in a?riit& t hanum oxi des, and al so m xtures of
such conpounds. Alum num oxide is suitable in all

nmodi fications which can be obtained by heating the
PTIREE E6Apoun8OLANDNEST i kHeTbrilidNpbyeHr© Mieae s;(ami X6t or pressed to

boehmi , doboehmn t
R, b o P wics % gpde it delarRRC pihE SR dPlg of the partcutar
geattion matichd drdipawedromneaiaraadvadagrodsly deed in thd Quidizedtbad ewthod. In

I@g ?F%&H@dqﬁe%ﬂdnglbk?ewgﬁ%vﬂg Qiaﬁlﬂfgt'sa& lb?ﬁw’eéh Ahin déer% mm are

cati ons, ' pre y anatase and rut al so
neystamasly used-such nodi fi cati ons. 15 Lant hanum phosphat es
are suitable in their various nodifications,

stoichionetric rati Qs befwe ant han mand hos
iR SomaRt s b dse i i (T LRrieBib! R PEHEY S HoE R Bb% by
uweuglst) aé ao1bayrh othé abavementiogerduvoppirals &8 whidk baseshe sum of the

tgﬁ'grﬁ % comlpoﬁrLds &antpaa; §0% b)P\%'é{rR *b‘?%??@&p%%?ted catalyst, in which

case the abovementioned compounds can be applied to a mechanically and chemically stable

support, usually having a high surface area.

The pure compounds may have been prepared by precipitating from aqueous solutions, for
example titanium dioxide by the sulfate process or by other processes such as pyrogenic
preparation of fine aluminum oxide, titanium dioxide or zirconium dioxide powders, which are

commercially available.

Several methods are available for preparing the mixtures of various compounds. The
compounds or their precursor compounds which can be converted to the oxides by calcining can
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2PpEaggs conpounds can be used in the formof powders,
neal, spall, extrudates or pressed to tablets. The
form of the compounds is generally determ ned by the
requi renents of the particular_ reaction nmethod, and
powder or neal are advantageougly used in the fluidized

b&oaBAr8@ or ekéh‘rplé |B9 c&dré‘c@dﬂlaﬁlﬁ%oﬁ?éoﬂm&u Th@laler?érﬁly Qésutts in in very good

ext r udat es havi n% ters of mm and
afigiribtige pighe Mo oo 89}&95 usad bejng OE@Wﬁ% a§°r6%°H"%%f Hﬁ%cé'ﬁsof Rixtures
pbﬁrﬁalionel’ﬁréditﬂﬁtbe By pr@élplfahﬁg mrcblhnﬁwndror pretupsd mdBe preSdie bifinely

5 G e ool B o ARG R B SRR

s etbd cdyeists iIBORsHapicalenighd of thor coapoendsin preours@@owderadngditiy mixture
[ b

el file 638 GNP B OUDRARs oan D

support, usually having a hlgh surface area. The pure

C RIMRRIHBESdeeBbel MMRe REBRIArE Fh%lﬁéipl@h’unﬂblﬁ €dr Bie"pa'ﬁ %Gpﬁoﬂ@dﬁ:atalysts.
agueous sol utions, for e titanji.u h
prigancR, o CTpoicsison be Ao Qecbiitt & Meoreee! s S hy Smole
prnqmég"naﬁdnonrymﬁ ahd cefcirddgudiistomatilg xentbee thieivblatie tenstitLents afeheosol from
IH-G9 Xi i o] i al |
2 RS S A AUy Rl BB Y b sice
the m xtures of various corrpounds The conpounds or

t
ﬁ@uﬁhepﬁﬁngﬁl ®r aphRA AR PF 540 d&@eﬂy Q&Vé:ém\"/;ﬁhﬁd%qs Iochy&rB@ze or

oxi des C|n|n8 e ar ed
eﬂﬁﬂ'ﬁeé’rgw & Hiprea ﬁ‘?'?%ﬁ”f‘% Fer, "?_ﬁﬁ@&ﬁﬁer H?rgcan b covered with
gemfed iayer pf titarsu H'SX'“mbWﬂwlygﬁ oftitanilins Ed&pr&mdﬁ(id@ or aifier tita@iutivitkoxides.

¢ 99[910“ glr%blgg vﬁp&lﬁbﬁgdﬁ)&t alumr?un? 99&? L%lﬂaﬁ%supports are powders,

prec ur es preci
pegmdptes orttabiefs ofthe mmgmwwmmdémmsgtyes ¢rr9ﬂtehelalpi¢ earenpyipds such

Obs §tbAIRd o siliEbrVd=Rsish. PRY $upporasused mbise ﬁ@&%@mmg tHe'mass

precursor present as a suspension. A further net hod
cB@&t s i n nechanical nixing of the conpound or
precursor powder, and this mxture may find use as a

R e A L
pritae () o nsxtiredihl prefleablyargepain particuan piyogane Shecvalumeygtiosef inert gas to
Fie ACABWRAEE ﬁaéeP SridBRRY! Eéqélloﬁ %Jﬂ%n@ﬂlgglf é&gntﬁ%obglﬁbe up to 100.
support 1nt ormof t

elr sols by sinmple
i mpregnation. Drying and cal ci ning custonmarily renove

t Partiv04rprdférendeaGivdnitt 818p 3) Kiingtd [Roceed ad dedthibell EUS-A-5,646,277 or US-

cat , Such sols are comercially avail able for
t?‘f%}rﬁgg’%di oxi de and al um num oxi de. A further

possibility for applying layers of the catalytically

aG] th¥e JrUTBLLNHS reéadtioh & LV QLYiF BeRGuid phase at temperatures of generally
from 140 to 320°C, preferably from 160 to 280°C; the pressure is generally in the range from 1 to
250 bar, preferably from 5 to 150 bar, although care has to be taken that the reaction mixture is
predominantly liquid under the conditions employed. The residence times are generally in the
range from 1 to 120 min, preferably from 1 to 90 min and in particular from 1 to 60 min. In some
cases, residence times of from 1 to 10 min have proven entirely sufficient.
The conversion can be carried out batchwise, but preferably continuously. Useful reactors
include a stirred tank, autoclave, preferably a fixed bed tubular reactor. Combinations of such

reactors are also possible.
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PPES4pEE Or gani ¢ or inorgani c conpounds. For instance,

a ceramc support can be covered with 15 a thin |ayer

of titanium di oxide by hydrolysis of titanium

i sopropoxi de or other titanium al koxides. Further

sui tabl e conpounds include Ti % and al umi numnitrate.
SaehBly@t BHAPA S, REBraBIg WERISS to 13@&6%@9@&3 IaFﬁ‘t%?ttoSm mol, of

of the conpounds nenti oned t hensel ves or er stab
cWABLARYSeIRFE Mole L AGNeat it e or silicon carb| de. The
supports used may be nacroporous to inprove t he nass

I e 0 Th reactl carri out .in.t

| PR aBkousE nd AEN 'iRES inlle BRF oBR TR I, 6 hesotlah itpyer rom s
ofo 204 bytweight, (nio)'e prefenabjytfwneﬁ (01305, bypreight satintion waw@em in whith case the
pﬁﬁl@éﬂéﬁkl’%ﬁ aWﬁE Egggpme Zpéeacf(& C#éﬂﬁsfrr@}ﬁﬂ rﬂ:xRuEes 0'391 |5| atér%nd a liquid

1 ons

aseous un he reaction
ne{uerldPEmpias b u@lﬁﬁ diyentg inctuge alb@nols2guchap me&@n@{rethanol n—and i~

PpRh&HoE AC 8- hisd tgbl}{%l E
dgsgr lof R - biid 12U Rd ﬁl)?l% shih &edlélgyl@leyge&%ﬁﬁeﬁ%thylene glycol,

¢ PP 3180 B8 el b epene Solaier PUkD JAGiamstch as pyroldone

| ofcpapdnapfaasa alkyl-substiascAadiEmSsuh ag RN@E@Ybyrolidohe M-kibthylcBprolactam
from160 to 80C

i E=uPleEheRaRR nd SR es i, st by ERPOW o g rom 1 to
fB meﬁ atgma Fonrenia may almggmeaeahetmaeacnm Bevilktelappretinted that
t h\%(tJr@@&‘Hg%ﬂlc rﬂ;d&] éﬂﬂ.@nté ﬁ1ay QIE@F}SH]SQ aAktles ot Wt ink BRSHl % g

condi tions ence tlnmes are genera
Watf’ﬁ%ka”f"d’ﬁ'g@ ﬁ‘%ﬁﬂ 1]?7?’85??00’%9??"‘3’;31'@@'3%11?’9#’? %%elcaﬁﬁﬁ proven
96armulhrlﬁaat/ahﬁgmg_tl cular from1l to 60 mn. In sone

cases, residence tinmes of from1l to 10 m n have proven
entirely sufficient. The conversion can be carried out
bHisdhpiinsiple aiagptpopsitié toremiploy ACHs aveatiarit gnd sl samertiomd emsgloy
3aonenl ude a stirred tank, autoclave, preferably a

fi xed bed tubul ar reactor. Conbi nati ons of such

reactors are al so possible. PF 54060 8 GCenerally at

I m&tSﬁaanularm?éferr@d @ﬁlﬁfdaﬁ&ny uEéfGl?ihLQd EE{UEﬁls aQthﬂélwga;n Havea miscibility
par r from of . water are use er e
oAt el P Bt spur oy Sh{ronfpniatehisen s s context
aa frisoitrility gap is3086dparatian of ttie, miktorepsto twodligld phésesand of the tvao phases

T@r{a r“&'egmv\%orfmrb? u@fgmtﬁmmr %agercﬁﬁltﬁeg gf%&?%n%ﬂi%ment than

ron In vent 1St

¢ e olbar Ehass Rarlisuipisssitatinyiquidiciiyaats theselor are hydtecarhegs. such as benzene,

CRIRhé & xpend\ad wirticaRFtofiehd.qui d  di | uent. Exanpl es of
useful diluents include al kanols, such as nethanol,

et hanol, n- and i- propanol, n-, i- and t-butanol, and
poherebaios aitdteras) nthy ek legrriedaut i the miscialtig ghgti.e de the presarce of two liquid

9!;%%94, or preferably outside the miscibility gap, i.e. in the presence of one liquid phase.

Useful heterogeneous catalysts are, for example: acids, basic or amphoteric oxides of the
elements of the second, third or fourth main group of the Periodic Table, such as calcium oxide,
magnesium oxide, boron oxide, aluminum oxide, tin oxide or silicon dioxide as pyrogenic silica,
as silica gel, kieselguhr, quartz or mixtures thereof, and also oxides of metals of the second to
sixth transition group of the Periodic Table, such as amorphous titanium oxide, as anatase or
rutile, zirconium oxide, zinc oxide, manganese oxide or mixtures thereof. It is likewise possible to
use oxides of lanthanides and actinides, such as cerium oxide, therium oxide, praseodymium

oxide, samarium oxide, rare earth mixed oxides, or mixtures thereof with the aforementioned
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hpgragggbons such as petrol eum et her, benzene, tol uene,
xyl ene, | actans such as pyrrolidone 10 or caprol actam
or al kyl -substituted |actanms such as

N- net hyl pyrrol i done, N-nethylc ggrol actam or

N- et hyl caprol actam and al so carboxylic esters,
pBﬁ&e@ﬁHh)éréHtal%ﬂrﬁWiﬁ'rbfanﬁﬁé gs having from1l to 8
carbon atons. Amonia nmay al so be present in the
reaction. It will be appreciated that m xtures of

Olgratium dxidgUriisbih bridd) irén dRYe, eHrsrRiuihioRide USelybadAut eMidStuBdsten oxide

188 e et MR ol o ricynepiad aoi o i e Bt ossie.
p Bome rulfides pretenidesirat teliuriaehy suth ag eiociBlluride, i selenige,inmaibpéreim
2L e ARGhA ke ssm@ésoaf ikt AR offt EFARRANLar UMD tusgche

sane ti to enp sol vents. a particular
preferred enbodlnent useful liquid diluents are those

‘A‘?h&ﬁoﬂéﬁl\éﬁtlcﬁ\e@b&ﬁﬂdﬁh&' thify bedRBed\WitH boW@bEHds YNHE i stGRE ?lﬂ'rﬁhln group

ssg nperature and concentration conditions. In
H“Ee ?ﬂ?FQ)Itab'e OLCqMALEM ity gap i s the separation of

the m xture into two I|qU|d phases, one of the two

pha%%ﬁsungﬁﬁigﬁg%sﬁn @#‘Jg %eg ﬁgo#h% zg%dw\éf ogﬁélacn{ Spa a(?:iohaézlduc and

otlkaline jsihexehangers tforeubraple Wakian. t abl e | i quid dil uents
therefor are hydrocarbons, such as benzene, 25 tol uene

xyl ene, in particular toluene. The reaction of step
? hesg ¢SS B1ay PRYPNglyieastcompasenstei5a el b tweighas coppep tin, Zic,
t hangness ner€ cobalt) Mekel, nahentlim, pAiRsiam, plgtihudl €& Tor Hodium.
out si de the n1SC|b|I|ty gap, i.e. in the presence of
one |iquid phase. 30 Useful heterogeneous catalysts
aPerticdlarly pesterredicatalysts wish hp@sier high vields haonearsionsoselebbigtiesfand on-

{ BeanPArRRAl: o a0 8BoaditH &dhafibns/alid osBPbblsLafifRts bases

Per 1 odi c such as cal ci um oxi
e Hadiyy ﬁf'ﬁ%zﬂ@“'uﬂb‘?% estiv©xidg pathPiviRy B Lride, Thesamaygedised in the
Ofort§ iof pe@iarstime| ghall, atritited BESressel itd tabldts. ThaJorRi df Itrﬁeaax@eé is

K , h f d_al

PSR e T B e s PARLRR ep i neigtoay et or meat
t bre uUBed insuspendierb lirethe fixedibed methodiiih custontary el tebietsicd extrudates
ARy 'Mer%d\v;bé%r{PEHﬁméHrﬁom um oxi de, zinc oxide,

manganese OXI| m xtures thereof. It is |ikew se
possible to use oxides of |anthanides and acti ni des,

S MEihirdh G@felidE0itanIe Ml mdamEdtidng Whidiiin bl loBBiReE Mhdalidg the precursor

o THEPU PP Td? GRS BB, Prel oI gD egn daspore)a

odifferest. terhperathes. Thasaihgiedesin particuldr gamesa amd @phabaluminum oxide and their
vmq%ggégm oxi de, ni obi um oxide, iron oxide, chrom um

oxl de, nol ybdenum oxi de, tungsten oxide or m xtures

thereof. M xtures of the oxides nentioned with each

OrRebxidtk @ah b&@dld SEpUP@Frh DdoAtent of the particular oxide > 80% by weight), as a
mixture of the abovementioned oxides, in which case the sum of the abovementioned oxides
should be > 80% by weight, or as a supported catalyst, in which case the abovementioned
oxides can be applied to a mechanically and chemically stable support, usually having a high
surface area.

The pure oxides may have been prepared by precipitating from aqueous solutions, for example
titanium dioxide by the sulfate process or by other processes such as pyrogenic preparation of
fine aluminum oxide, titanium dioxide or zirconium dioxide powders, which are commercially
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F gul fides, selenides and tellurides, such as zinc
Iurld zi nc sel eni de, nol ybdenum sulfide, tungsten
sulflde, sul fides of ni ckel , zinc and chrom um can

al so be used. The aforenentioned conpounds may be doped

wi th conmpounds of the 1st and Wh main group of the
Pakiisifi. c Table or contain them 10 Further suitable

catal ysts include zeolites, phosphates and

het er opol yaci ds, and al so acidic and al kaline ion
E‘S@Jéﬁiﬂ@ﬁlhads ér@ évﬂﬁtﬂ@ﬁ* prePplaring &k mitil RS of GAb@ dkwles. mﬁay:xides or their

0 r%éu?%?l !(5 pouT ﬁ‘bn%qgaggzo#\.%p% e} rge(g%g%f g\ﬁqﬁgc&ty@ocfan Ha%gred, for
re»tamplu melpltann trom splliticini ﬂmngererdlly/esultsnn veimoghiod mhistribution of the
Pt%togﬁ&é el %eiﬂg SHEheE %?8&% :%’%.I &%Fe%uéé@ rﬁg\un—ze\égn & Be rg}é&&hated by

conver Sl ons, on- trea
uﬁd@?'tatlmﬂao"@k%@e OHRIEEI$UD e rera%anc@mf finely dividedpastiaseof the second

htdr 9%@&@&%@3@5?&3&%&&@@@ CA fuiibr HrietrRB ksH¥is®h HRchanical mlxlng of
Zi rconi um oxi de, cerium oxide and al um num oxi de

n8E OHES YPERFUISAT RPylen gnd Bismigsre Randiad use m‘a”'%ﬁ*tﬁmfo’ producing
exitiutisled @3atmdgts.pr essed to tablets. The form of the

oxides is generally determ ned by the requirenments of

the particul ar reaction nethod, and powder or neal are
usleriethedssiesgripad indine litératuterase inipriedpld auitable fan preparing supported catalysts.

CHSURIEREY, tleoxtes c&rﬂhe' é%‘pﬁbd% th%&hﬁdbﬂ% 8 forM @Y ihBPsols by sin S|mple

di ameters between nm and Al um num_oxi
s{MPregprtion; Pryigg P"%‘B‘Hﬁ"f"?gééﬂﬁp@ﬁ@y W’ﬂ%‘ﬁ ”\?é(ﬂ'alﬂ% csstitaenieef “EFy5°' from
hmatcatmgstt f1:h 8616 ater cDMIMerdiDIF RIStk fobditbiTir didkity, AiuaXiudtoxide and

| bbsi Leyi boehm te, pseudoboehnite, bayerite and
d| as?)‘émé’)o 9% different temperatures. These include in
particul ar gamma- and al pha-al um num oxi de and their

"hwéle;ﬁ)ss@ﬂ}l %Egp%gqu%rscﬁ rtheth%tn}éﬁﬁfaeé fd tJJWdﬁ)IJZQ BF'Byrolyze organlc or

(content o > partlcular oxide > 80% 1@1
niYiganieodtest FRs inginnge FEREMIRIBPSLG L8 °°‘f9ﬁ"'qmﬁha%h'6 ] th H‘é“'”m
Sﬂi_ﬁildﬁc bytHy8roRkI® uRtitEHIn RER6boRik dﬁ@her?ﬂfhﬁuh{hlmmﬁ 80dhep yuitable oxides

. d din which. h
B0 B Bl it oo e NuRR R
apaivdetse extuiebtey ordakiiss ef tseipiides tmentimed tHemskives angthar $tatghoxides such
SHJ {68 adkifé- Tne §up}9:‘?s et haf %k ﬂ%éroﬂ@r}éusﬁ@Yrﬁqu\%%b m%@@n%r

precipitating fromaqueous sol lUtions exanpl e
t| tanl um di oxi de by the sulfate process or by other

PInQERT %ﬁ&ﬁéﬂa@?nt&mmm&er rareaﬂﬁ\b@édlf@m ikture (ugne Obtalg a mixture
a num, oxi de I tani . um dj ox | OXI de
h@b&ewe“s'wew'agsa@ EW&H&'P?\'%P 8‘%&"'@ é?  boilers.

The ammonia can in principle be removed from mixture (Il) by processes known per se for
separation of materials, such as extraction or preferably distillation, or a combination of such
processes.

The distillation may advantageously be carried out at bottom temperatures of from 60 to 220°C,
in particutar from 100 to 220°C. It is customary to set a pressure, measured at the top of the
distillation apparatus, of from 2 to 30 bar absolute.

Useful apparatus for the distillation is apparatus customary for this purpose, as described, for
example, in Kirk-Othmer, Encyclopedia of Chemical Technology, 3rd Ed., Vol. 7, John Wiley &
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1pmghabl e. Several nethods are available for
preparing the m xtures of various oxides. The oxides or
their precursor conpounds which can be converted to
the oxides by calcining can be prepared, for 5 exanple,
by coprecipitation fromsolutidh. This generally

I @ony, NewivBrkY §526, %@%T@Bﬂ shdMsi sie Rby ddlfnns! lWBbIQ)&b}g fray columns,

used being obtalined. The oxide or precursor m xtures
c &R0 slupnstiavipg styChiredRASKINGY rafOBRAEK NG | ng one oxi de or
precursor in the presence of finely divided particles

< e BRUBEH e G RGN B RS2 BT clbinpapaoeousy o

nisivglagolohn. t he oxi de or precursor pomder, and this

m xture may find use as a starting material for

produci ng 10 extrudates or tablets. Al nethods

déssen hevatenfuihher paftly cand @ay kquigrddudntang rémeviep frem snixterg il ito obtain
f QFudD ESREAAN (19 HEURARKLIRE cappdidttans high boleRy add%ﬁ@ﬁﬁﬁow B&@rs

oxi des can be applied to the support in the form of

their sols by sinple inpregnation. Drying and

caVHehRiligyd emhmbbéwusbemm@ d) Neatet @hdlid iddilGEN 84l Belr@Mbed in step
5. the cata

B gbusly’ e Vathten B8 Ml B Shod I 48 igmnt

oxi de and zirconium di oxide. A further possibility for

aﬁﬂé 5180ar %G liguicdiud ! FoR Thikiy@ (mﬂa(tiﬁﬁ pr'nn% Iecbel?é(r%v%lj lﬁg Srogésses

pyrolyze organlc or inorganic Oxi i nstanc
c 8P Rer §%§9bﬁp?’a8‘§h°fl5'@t@'@{%eﬂ€ﬂ agPYRRCtpN; st\a"rza*gﬁ@rm greferably

t idisfiatiehodcaibinatioteofRMchprodegtassi s of titani um

i sopropoxi de or other titanium al koxi des. Further

suitabl e oxides include TiCl4, zirconyl chloride,
alTherlistiletioni roaysdeardageowsiyrieiparried butat bottoButepdyktares wpipan 6@ to 250°C,

akaartRAN qoﬁﬁbgyﬁgtes or tablets of the oxides
rnﬁhloned {ﬁenselves or other stable oxides such as

silicon dioxide. The supports used may be macroporous
t Uséfildpparatul e trré&mudubﬁl@%bparatua&swm@; foPthi8 purpasBTas téscribed, for

d ed i Xt [ 1) t :
igfaowuﬂg e B PRSP R <o it Vol JorR wiey &
| iSqes, tlediYiotke M379, |b'agg ISTMM such aarscve vay dantl.irﬂne._rmlbblé'-lcep tray columns,

aw&ltﬁm&%whgstﬂfc&u% é’ (5 ep%ar aq om m xture (.I 1)

by processes known I se ion of materials,
such as extraction or preferably dlstlllation or a

C paRithapréiereRde iS Hivdh to RBatiitErRteS HultistEe reovhiick lh@Wa%F aRdof any
?%ﬁyéﬁgeously be carried out at bottom tenperatures of

o 220C, in particular from 100 to 220C. It is
customary to set a pressure, neasured at the top of the

ein! i|'| gtp.%l(?l@uIQ‘R/%?Jf@rFéﬁsemb%Bimfeﬁt? EEL;& a)t i& cgfgecpdﬁ in%&&%@e of a liquid
diluent which has a miscibility gap with water, the water can advantageously be removed by
converting the system, especially when carrying out step a) in a single liquid phase, into this
miscibility gap to form two liquid phases, of which one phase has a higher proportion by weight
of water, based on the sum of water and liquid diluent, than the other phase, and then removing
the phase with the higher proportion by weight of water from the other phase which typically

contains the predominant amount of crude caprolactam.

The liguid diluent can be removed from the phase comprising the predominant amount of crude
caprolactam by processes known per se, for example as already described above.
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Usekupggrpraratus for the distillation is apparatus
custonary for this purpose, as described, for exanple,
in Kirk-Ohner, Encycl opedia of Chem cal Technol ogy,
3rd Ed., Vol. 7 John Wley & PF 54060 11 Sons, New
York, 1979, page 870-881, suchl&s sieve tray col umes,

bs@aie@ee@ma tﬁerca)ﬁevcabruﬂaﬁm (vaeb S8 HNRs pFE?éHe%n%a.ﬁheﬁtum%w
istillation can

packi ng ac in The F
c%ﬂ"f"f? é‘EF r&ﬁ‘f"’qd 051 tB Grude Figpy" gptam dY)hgtween stegs blend §). yms,

advant ageously a 5 singl e col um. In step b), water,

full r. | dan i d dil nt are e

¢ i Boieieh (PG o8 e BV st by 7 e R RGgton o
coatprids isugh aswptraﬂtlem: tcamallltatlgmorbmfbrebls dia¥iidtiampon coseaibinatidnanf/such
boblhley. 10 When a liquid diluent has been used in step

‘?, water and liquid diluent can be renoved in step D)

simul taneously, or the water can be renoved before or

afreistifidlign hiagl Hél\ﬁénﬁbédth@l Be carhéd R bJotté @en@d’é)"aturbﬂéf'ﬁ@m 50 to 250°C,

di l uent from m X can in princi

0 PHGar SORCT OO ARE Jp cusboriat BB atHish e R AL e rsof he
sdistilata appdratas; tof om 1 ¢ 500tnatak biFsaiute) preterabprfeies b0y mbar absolute.
distillation, or a conbination of such processes. The

di stillation may advant ageously be carried out at

bdsefd aprasatyrcionthe distlatidn is apperase customBG®r this purprset dscigpeibed. for

f £QMpOR KR OAFRF; ErtQcidieah F créMmed @Eéﬁ%mﬁ@,f 3&1@% Vol. 7, John Wiley &

disti|lation is aggaratus customary for bpcéo
LSO o975 a8 QAR wEh 2 SRje ey @R, Dabdie-o4p ey courms,
Emmluomedhmgﬁtruﬁhmubaadmg&mmh paoking3r d Ed Vol . 7,
John Wley & Sons, New York, 1979, page 870-881, such

as sieve tray columms, bubble-cap tray colums, and

c Bedtistidation far rRynaying thetlow bellersereh e gardied aub incroriurpedli svgh apBor 3

PéHIJrﬁr%Uéc%nt é&ﬁﬁﬁ&@uﬁ?eb&urﬁhVen to heat " nt egrat ed,
mul ti st age renoval he wat er and of

df e ig{Hiationps Femqving dheught holiers 5an Re q3Friep él-"r"é P@F?B@&f- Fefas 2or3
Stddinr@) advantagdousied siagle coltmt .he presence of a liquid

di luent which has a mscibility gap with water, the

wat er can advant ageously be renoved by 30 converti ng

t Fiee gy Seilern in tigyemie! rg ivpreticuload-aginagapenitriiet ep a) in a
single liquid phase, into this mscibility gap to form
two |iquid phases, of which one phase has a

ptn@darmeir erﬁb%mwéq tomipw bgiters,gre é?move%\gf%fa "WFQ%' Sé’a?ﬂ‘ after tep ).

water and liquid diluent, than the other phase, and

Wghe gggvswgﬁ é"} ;grp'lglg b?ﬁe:mov\\rn?ﬁ E¥ Ergﬁeasgée& wnﬁ r%e sé(%rpatgx of

cuaeadinsuthas gxtradlionicristatiization orprefefably ﬂ@tﬂ@twmpwaﬁmramn of such
processes.

The distillation may advantageously be carried out at bottom temperatures of from 50 {o 250°C,
in particular from 100 to 230°C. It is customary to set a pressure, measured at the top of the
distillation apparatus, of from 1 to 500 mbar absolute, preferably from 5 to 100 mbar absolute.

Useful apparatus for the distillation is apparatus customary for this purpose, as described, for
example, in Kirk-Othmer, Encyclopedia of Chemical Technology, 3rd Ed., Vol. 7, John Wiley &
Sons, New York, 1979, page 870-881, such as sieve tray columns, bubble-cap tray columns,

and columns having structured packing or random packing.
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3prHageh i quid diluent can be renoved fromthe phase
conprising the predom nant anount of crude caprol actam
by processes known per se, for exanple as already

descri bed above. PF 54060 12 Before feeding the crude
caprol actam (1V) into step c),1¥n a preferred

emROétTRIh ,fortraﬁod.r@%e IBWbbiRFsScad b8 cérﬂ@@am d ﬁlé}mt)f HEsikh HEE or 3
capr ol act am él et ween steps b) and .

bR aaRia ‘??\‘%VPﬁ’t‘Eg'ﬁF@“'B% r enoved by pr ocesses knovvn
per se for separatlon of 5 materials, such as

ef]‘rﬁer c?‘gtﬁ)!ﬁ@ﬁ; S‘.@M @r{jﬂo‘ﬁ%?gér}elgr%ir%rdabg N adluféiqy:og{%pé 482 or 3,

na@ummWam@aggﬂmSV9Sbgecaumhed out at bottom

tenperatures of from50 to 250C, in particular from

100 to 230C. It is custonary to set a pressure,

m?ﬁél%%gnle?é .nm.ereﬁnepal afe if Bé?‘t chifdr @aaﬁdokéﬁéd.tae appar at us,

of from1 to 500 nbar absolute, preferably from5 to

100 nmbar absolute. Useful apparatus for the

diasdotdingab thennvehtion Ppé Eraitiél CapediksctAiTB a4 th aldistilaiticn dppaRAS 1.

as described, for exanple, in Kirk-OQ hner,

Encycl opedi a of Chem cal Technol ogy, 3rd Ed., Vol. 7,

J ttthis Wtiletioréapp&etus., a fNH\sumarn islibEged padre BF.0-B3Lbstrean igomprises
SutSloRiil birfidd C4kdHBRn 2R BlBuGap tray col ums, 15 and
Tunhs haV|ng structur pac I ng or randon1pack|ng

The distillation for renmoving the | ow boilers can be

C @l thib @tilatidn dpparatup) aueabﬁdsyabafeamsyakb @ffainkdda the baHMUTIHIS ,

adva eousl a The distillation for
g?aﬁ'g‘;?r?f’é's qpa(?]g‘f‘" 8,§H§B,| carried out in a

pIuraI|ty of , such as 2 or 3 20 col unns,

advantageously a single colum. The Iom1b0|lers inthis

r Upefyigistitation apparpiustis eppREatusGUIAM Y faa Brisomirrase.|as desqfibed. for example,
f w kiNEHthRIEP @A EyERPédia $fr¢§1ehﬂ:‘é4 mmowgg 3d Ed. rw%nfw.m Sons, New

he product siream after zﬁ The | ow boil e
ST T6Briate B i Dl ol GURUSCaRRAD are. ded columns
f navirgeyractadet packivh or raptien padkihg. such as extracti on,
crystallization or preferably distillation, or a
conbi nati on of such processes. 30 The distillation may
a | R 9%}5%89%@%%%& Blusi
f3§€n&%t@&§g%§g%b&?§n.§%6%éﬁ? Gl O 520 o6 281 3 SERRAG aticfigBusty 2
ceivgieARlvPNt 0 set a pressure, neasured at the top of the
distillation apparatus of from1 to 500 nbar absol ute,
hfe(nara%glluxlnflsrt?sed as Ehe first 8stngtlon apr?aratus tlhls column may advantageously have

from 1 to 30 theoretical plates, in particular from 5 to 20 theoretical plates.

In a preferred embodiment, crude caprolactam {1V) can be introduced to the top of the distillation
apparatus C1.

According to the invention, the pressure in the distillation apparatus C1 is such that the bottom
temperature does not go below 170°C, preferably 185°C.

An advantageous bottom temperature is at most 300°C, in particular at most 250°C.
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Upgfaadgggpparatus for the distillation is apparatus
customary for this purpose, as described, for 35
exanple, in Kirk-Qhner, Encyclopedia of Cheni cal
Technol ogy, 3rd Ed., VoI. 7, John Wley & Sons, New
York, 1979, page 870-881, suchTs sieve tray col umes,

b %Eo@ercﬁg sédoﬁ(‘f' sbRlreHim S ad;uﬁ@@'ln%gém&/ thé\\(r'\eﬂgap%‘dciéﬁ{ éUh@Fit of the
packi rando

n acki

O] Pt PP SR 1 ARegho B PHLRa e epds™ by weight, in
C particubal notuéssitiianc20pd tyrwadight, Yased, onshiecdntiesedondrsubstreadl umms,
advant ageously a single colum. The distillation for
renoving the high boilers can be carried out in a
pThe parametersifor thaeperation of thg sefctedBistiatiomenparatus which are optimum for the

ﬁ(\!%%ﬁgﬁ%lf'Fh?rcﬁlsﬁhpmwﬁ‘@lt?‘m@ 1nvér9|oH_E§n t!:%s%elle%]ﬁeé 5& afew

I's renoval are 1 n parti -am nocaproni tril

Aé'&t?lecﬂfﬂ'@"’ia@/?’ﬁér'm%ntl on, the crude caprol act am is
fed to a distillation apparatus Cl. In this

distil]ation arat us, a rst substr obt ai ped

U1z e nocHet b Gamipe bt Pt Frerd § S o).
purified caprolactamas the product. In this

distillation apparatus, a second substreamis al so

oBwas Rerdrisinghatthe itwenticprauccRiatisin disiliativehystoneatingcoidp caelgctam

C RS ik HENAR D 12 iy SirloR/hd oblirie mating b kb #bibiBin from which

apparat us is apparatus customary for this purpose, as

dedyEprigtamy Gar bEREGRAIEe. i n: Kirk- Othner, Encycl opedi a
of Chem cal Technol ogy, 3rd Ed., Vol. 7, John Wley &
Sons, New York, 1979, page 870-881, such as sieve tray
c &kampiss bubbl e-cap tray col unms, and col unms 20
ha{%rn!? structured packing or random packing. The

dirstITT ati on may be carried out in a plurality of, such
as 2 or 3, columms, advantageously a single colum. 25

V\h@!ﬂkg?h smrmapraaaaﬁdm‘fbﬁ hhd seé‘nlobfatneel bﬂe‘al:ﬂn%f(i'-a‘?rﬂnocapromtinle with
ave from

F BRGh o ioiufet S WV S Ror Bea BB o © 1o 26

t 186 @ti/B bi captolgelant were redibvediviathenas. er r ed enbodi nent, crude

¢ QB !@}1 ?F {a%FHlaQ:la}Q ha%ﬂ ?h'&?ﬁerr &t gt 559/0 !%JWet #%1? %aQJd otnnﬁe entire

appar ccor di'ng I nventi on,
tnettqm@ee@mwerﬁmemmddﬁéhqbonm on apparatus Cl is such

t Rt bdtad tgﬂ&grglme JLRMeeicat ure does not go bel ow 170C,
preferab

The dnstlllatqo¥1 column could be operated uninterrupted under these conditions for more than
one month,
The caprolactam obtained via the top was colorless and could be polymerized without any

problem.
Comparative example 1

The procedure of example 1 was repeated with the variation that the bottom takeoff amount was
reduced in such a way that the high boiler content was 80% by weight, based on the entire
bottom stream.

The distitlation apparatus could initialty be operated.

However, after two days, solids had formed in the bottom which blocked the lines and prevented
the further operation of the distillation column.



Apragipgpt ageous bottom tenperature is at nost 300C, in
particular at nost 250C. 35 PF 54060 14 Moreover, the
second substreamis adjusted in such a way that the
caprol actam content of the ﬁgnd substreamis not
| ess than 10% by wei ght, preferably not |ess than 15%
by oBhdtNe exbfpiepar ti cul ar not |ess than 20% by wei ght,
based on the entire second substream 5 The paraneters
for the operation of the selected distillation
ap‘papratemre/\mezzhmﬂé e wapiepaaied, fval thie veriatiare thbetie b@wm ehpdritere was
@ S-@ns according to the invention can be easily
Ern1ned by a few sinple prelimnary experinents. In
a The dittdlationchpparblos coridhinitially ve opesgtethd subst ream can be
PRioivbver, Uited f?l I'IOM rs! &ﬂibl'scljla%%ﬁ'l{éd $ R bé}aom wiieh! HiodkEPthe lines and prevented

surpri sing the 1 nvention succeeds In
df@tf'i“?"!eé??%!"? O%ﬁqlém'?ﬁ'%gf"@mde caprol actam prepared
fromACN in a technically sinple and econom ¢ manner to
caprol actam from whi ch pol ycaprol actam can be
prepared. 15 Exanples Exanple 1 105 kg/h of crude
caprol actam whi ch had been obtai ned by reacting

6- am nocapronitrile with water were fed to a
distillation colum having 5 theoretical plates. 20 85
kg/ h of caprolactam were renoved via the top. 20 kg/h
of caprol actam having a high boiler content of 25% by
wei ght, based on the entire bottom stream were
renmoved via the bottom The bottom tenperature was
190C. The distillation colum coul d be operated

uni nterrupted under these conditions for nore than 25
one nonth. The caprol actam obtai ned via the top was
col orl ess and coul d be pol ynerized w thout any
probl em Conparative exanple 1 30 The procedure of
exanple 1 was repeated with the variation that the
bott om t akeof f anount was
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rg?-ngggoi n such a way that the high boiler content was
80% by wei ght, based on the entire bottom stream The
distillation apparatus could ingtially be operated. 35
However, after two days, solids had formed in the

bg\{tcﬁm whi ch bl ocked the lines and prevented the

f YT HET operation of the distillation colum. PF 54060
15 Conparative exanple 2 The procedure of exanple 1 was

r ‘?Peahg:%cegg ftopretntaﬁrr# @5!5@%%8'?1}3%@3:?&0??1%%%%& comprises high boilers,

tenperature was o at1 on

appar S2RidagyRREd iNFPIE Spdey laweboigrerant adich Pakegs pbtainpd by

12 hours, solids had formed in the bottom whi ch bl ocked
the lines and prevented the further,ﬁogera.ti on of the

di sti P! at [BRINGSrARRCCapRNBIREE WA |RoVg 2ifeRsto8 MRWEocess
for renoving high boilers fromcrude caprol actarn which
conprises_high ilers caprol actarn and in.sSone cases, .
ow b8 | oL e i 4Bl S PorR et PR R

6- anm nocapmnderaprolkateri t h water to give a reaction

m xture b) renoving ammoni a and unconverted water from
the reaction m xture to obtain crude caprolactam 10
whi ch conpPicBEanArise90 c) feedi ng the crude caprol actam
to a distillation apparatus to obtain first

subst rearﬁe Vi a

Subst Foar Fednd ettt SBerB e Sn P Sas el SPRudls Biin |

t he di sti hklfiest substréam gathe tep assaproduat arndhe bot t om

t enper at Ubgecond substream via the bottom,
by setting the pressure in the distillation in such a way that the bottom temperature
does not go below 170°C, and
adjusting the second substream in such a way that the caprolactam content of the
second substream is not less than 10% by weight, based on the entire second

substream.

2. A process as claimed in claim 1, wherein step a) is carried out in the presence of a liquid

diluent.
3 A process as claimed in claim 2, wherein the liquid diluent in step b) [lacuna]

4. A process as claimed in any of claims 1 to 3, wherein the removal of water is carried out
in step b) by transferring the reaction mixture into conditions such that the reaction
mixture forms a high-water and a low-water liquid phase, of which the high-water phase is

removed.

5. A process as claimed in any of claims 1 {0 4, wherein the low boilers are removed

between steps b) and c).

6. A process as claimed in any of claims 1 to 4, wherein low boilers are removed after step
c).



dpg%mbgé go below 170' C, and adjusting the second
substrearn in such a way that the caprol actam content
of the second substrearn is not |ess than 10% by

wei ght, based on the entire second substream 2. A
process as clainmed in claim 1, Yhherein step a) is

Carri Rerdebis dsitidim&l iRERHENEMS, WherBinlth bl BoileflichidRet is 6%mine-
A process _as clained in claim2, wherein the liquid

di | uefP "€t ep b) [l acuna] 4. A process as claimed in
any of clains 1 to 3, wherein the renoval of water is

carriged out in step b) - transferri the reactiaon
B (FRroR: g BBmRR Faswbr diion " FhEmeine Petetprd s i ster o
f or nes pariy glullyedcpsledtndtep a).ow- wat er |i qui d phase, of

whi ch the hi gh-water phase is 30 renoved. 5. A process
as clained in any of clains 1 to 4, wherein the | ow
boil ers are renoved between steps b) and c). 35 6. A
process as clainmed in any of clains 1 to 4, wherein | ow
boilers are renoved after step C). PF 54060 17 7. A
process as clained in claim5 or 6, wherein the | ow
boil er renoved is 6-am no- capronitrile. 8. A process
as clainmed in any of clains 1 to 7, wherein the second
substreamfromstep c¢c) is partly or fully recycled to
step a).




