2 2 SEP 2004 Preparation of caprolactam The present invention relates to a
process for the preparation of 5 caprolactamfroma conpound of foZnultP 20l
(I): NC- (CH2)4 - CO- R (I) in which Ris a carboxanm de, carboxylic acid
or carboxylic acid 10 ester group, wherein a) a conpound (l) or a m xture
of such conpounds, in the 15 presence of ammonia and optionally a liquid
diluent (M), is hydrogenated with hydrogen in the presence of a catal yst
(II) whebPmeparatiehat f ssHppetladtanom t he group conprising Fe, N, Co and
Ru, or m xtures thereof, is used as the catalytically active conmponent of

t he cat al t 2 ur LI th drogen_.and t he
catalys z ﬂ%gféngefhéﬂﬁ@i i Qefaggg( SO i Eroc z* Fg g%%%? aﬁﬁ??u?% (1V),
and 25 lﬁlcﬁf‘ﬂrgrc(“f\?) °°B‘B??‘Eﬁ‘1£q forrﬂui-ﬁe ‘esence of a liquid diluent
(vil), |s converted to caprolactamin the presence of a catalyst (V).

Processes for the prepwr ati(ae;pf -caprelmctam from coppounds of 30 fornul a
(1) are known per se. Thus DP 915568 descri bes the conversion of

cyanoval ester cob t 120 and r, to

capr ol ]a%e{ﬂ NG %hl 8s® ; AF% g’g@ﬁ%g%l”rﬁ o S?W 151 of’rc‘f/%%?ﬁ/"é&éﬁ gc

esters eyrearear ysts is also described in J. Polym Sci. Part B,
Pol ymer Lett. 2 (1964) no. 5, pages 491-3. Caprolactamyields of 31-74%
are obt aiwredeid0 EP- A-23 751 descri bes the hydrogenati on of cyanoval eric
acid esters on Ru/Fe fixed bed catalysts to give caprolactamyields of

35% Accqdi 0533 y errc ac d_ester are first 45
hydr og atedqgngﬁggghg a% %F 3 ﬂ anef 85b3?? and nens &%ﬁ zed w t hout
IO SR UGS o SR U E S
di sadvant age Ibﬁdrf’ﬁééet% deeélsexdr@gqmam the pregadseopf apmtalyste yiel ds
are too | ow t(@Ingevherslirsta makatleselwdzedl from e apept cadprizangr eegnt
invention towndo¢bdend H,06@SHixtures thereof, is used as the

catalytically active component of the catalyst (II), to give

20 a mixture (III),

b) the hydrogen and the catalyst (II) are separated from the
mixture (III) to give a mixture (IV), and

25 c) the mixture (IV), optionally in the presence of a liquid
diluent (VII}, is converted to caprolactam in the presence of
a catalyst (V).

Processes for the preparation of caprolactam from compounds of
30 formula (I) are known per se.

Thus DP 915.568 describes the conversion of cyanovaleric acid
esters on Raney cobalt at 120°C and 200 bar to give caprolactam
yields of 40-52%.

35
The conversion of cyanovaleric acid esters on Raney catalysts is
also described in J. Polym. Sci. Part B, Polymer Lett. 2 (1964)
no. 5, pages 491-3. Caprolactam yields of 31-74% are obtained.

40 EP-A-23 751 describes the hydrogenation of cyanovaleric acid
esters on Ru/Fe fixed bed catalysts to give caprolactam yields of
35%.

According to JP 305330, cyanovaleric acid esters are first
45 hydrogenated on Raney nickel or Raney cobalt and then thermolyzed
without a catalyst to give caprolactam yields of 80-90%.



5 which makes it possible to prepare caprol actam from conpounds of zfzogEerﬂﬂﬁ
(I') in atechnically sinple and econom ¢ manner, avoiding said

di sadvant ages. W have found that this object is achieved by the process
defined at the outset. 10 According_to the invention, the conpound (I)
used has the fornula NC- (CH2)4 - C& - R (1) 15 in which Ris a

car boxam The dizedurytage afi dhesecprdreedeisc iactbat adteeyigidsior It is al so

possi bl e $padise ifexyiebis ofresteb T Rdst §hese@ila30deRghdy) referred to
as the compound (I) in ternms of the present 20 invention. It is
particulagly. preferred to yse a_singl e conmpound as the conpound (1).

Sui t abl ea%ta_r oA adSGr ootfps'ﬁlgr B S tlé‘dgggé?ﬂ} Y%c%’é’v&getﬂ Lo§&fser al

f or nul a3 -EBqIRTREES | Bt \RASSHPRE bR PIEPIrRdEpRFAEATAR SroBneompouadst ¢r are
hydr ogen termalaol anir a adichalicaplefsamplleyafd -é2bnogikyhanidre, papiding arly
preferredsfiay axaaraecgenip is the group -CONH2. Suitable carboxylic acid

e I e BMANIRAC UELY o S 101 ach ot P URERb SO e 13 O

in which R3 .1s an_organic radical, prefera par?el"cularly
pr ef erreaatt:e‘ﬁhﬁ’o?ﬁﬁf%g‘ acid ester group is the group -CO OCH3. The
prepar&®i on of conpounds of fornula (1) is generally known, 35 for exanple
from Reppescdridébg #mntheCliamenb9én ( 195 roh@dundH 1350 séd 3hafR-hA- F3HMyER or
EP-A-1 107 947. According to the invention, in step a), the conpound (1),

in the presence of yidga, and gptignal ly a liqujgd diluent (VI), is 40

hydr ogenated with h@%?ggerﬁ]gl)"n tr?g prgsence of a CL?)aI yst (Il) to give a

m xture (II11). Advantageously, at least 0.1 kg, preferably 0.1 to 10 kg,

parti ct? &t yhafFhf Brihld carbokanifsyy caghoyetic maid enl eariexydigra¢idably 0.5

to 5 kg cistammgneapshoul d generally be used per kg of conpound (1). 22 SEP

2004 3 Step a) can advantageously be carried out in the presence of a

liquid dlcﬁ_j@@t iiyé)pos%ﬂﬂl@btcé %4& lﬁﬁ.@%%ré%’?f %&m&%&g&&%.«x \tg%eé ellfgro

organic .uen a a n S,. N- nol ,

i - but apol’; &?H%n-,ggen{zgéndoﬁf& g?hglrl% qsu 1 ag r'“re?h}'ﬂ -%é#%r??bﬁf?lp g%’%re“? or
ybpreferr d to use a sirigle compound

t et r an§UrSFEPEAO" pr efer@oP§ Bt i

as the compound (I).

Suitable carboxamide groups are advantageously those of the
general formula -CO-NR!RZ?, in which R! and R? independently of one

25 another are hydrogen or an organic radical, preferably Ci-C4
alkyl. The particularly preferred carboxamide group is the group
~CONH> .

Suitable carboxylic acid ester groups are advantagecusly those of

30 the general formula -CO-OR3, in which R3 is an organic radical,
preferably C;-C4 alkyl. The particularly preferred carboxylic
acid ester group is the group =CO=-0CH;.

The preparation of compounds of formula (I) is generally known,
35 for example from Reppe, Lieb. Ann. Chem. 596 (1955) 127,
BE 850 113, EP-A-576976 or EP-A-1 107 947.

According to the invention, in step a), the compound (I), in the
presence of ammonia and optionally a liquid diluent (VI)}, is

40 hydrogenated with hydrogen in the presence of a catalyst (II) to
give a mixture (III).

advantageously, at least 0.1 kg, preferably 0.1 to 10 kg,
particularly preferably 0.2 to 5 kg and very particularly

45 preferably 0.5 to 5 kg of ammonia should generally be used per kg
of compound (I).



hydrocarbons such as n--hexane, cycloaliphatic hydrocarbons such agjy SnEP 004
cycl opent ane or cycl ohexane, and especially aromatic hydrocarbons such as
benzene, toluene, o-xylene, mxylene, p-xylene, ethylbenzene,

| - propyl benzene or di-i-propyl benzene, as 10 well as m xtures of such
conpounds, for exanple petroleumethérs. The hydrocarbons can carry
functi onast4p cipzanuabvastdgdcugensbe dafridaspt eig e piesedse idf a

15 cat al yeriois AjIbheLoLFR Muthold dijientd 0t IR pris el age L
catal yst . A ?F&aélllcsgﬁg%%%%s'f rfjc?zrn Fﬁgméireog!ﬂ Egnsff %#%%9%5 %‘gch Rné, Co and Ru,
or ni xt ur@sPytAfiodef 1-PYLIRRK GF AsPEREARCHaBFRRES | $UFD 28t FeEDYbponent of

t he cat 8l ystt{tutyl 20hSucdr demtpehpdtsiwam, bpreferibly adiphauiport ed

cat al yst, h{@focabouB! sudts dneYerbfkelcydaaeyphabid thydiotafiforndisacaed by

reduction_tr L, CnyiOF t.erqd } Lfon oxide, for
exanpl e n’iég |1t thgﬁg oxﬁ CJHBHES%\?? agl:ﬁl @EEeEM@ ardlat Lo an'ed cat al yst.

. Lﬁ: g)mé)‘on be usedloas a_suppor
Sui t abl e BB5 (SIS | SCARD A IR H86LSTEY 1o PaT AL Sy
i npr egnat Py emes peaYY Heeizengp pdrProRYibenzene et dh doRT AP PRI 2888 npBBiInds of
such nmeoakslbrasnmiktiness tdfersmoh, conpdyndspr dprdeyanpgje pesushansieghers.
cont ai ni nghé RhtbaRd ERARRYSE@ictsbnAlNGEelSs GuchOasi kdlugeanst her eof .

Such supppyt Y515 SR GANEAI O RHRRANLSHe knOwn per se, preferably

t
al um num oxi e,a&?llgl con oxlde, alumnosilicates, |anthanum oxide, titanium
di oxi de, zirconium dioxide, nmagnesium oxide, zinc oxide, zeolites or
acti vat edd THrtabde sptadydturldd )t heradfantageansiy, heser9Ieresyr oporti on of
conpounl ¢ddalysasedadd camelysm OII) tpreferably neeivenpsadnes, a rkireldybednpound
(1), ammogitaigd.di hugetal (9dlected frbaarihaggposp \edhsistindQdh Fe , Wweight
pref er abl ¥, 140 r30% r i V&I tRBEepAr tisCubathy 4 eher ably1yk #a129% by

wei ght . 4?‘2“2"%%%"“%8%@ oaélj_\gc%gt gggglﬂggty (Q%(_:ar ried out in the liquid

phase. he re n can’ advant ageously be carried out at
tenperatures generally of 40 to 250C, preferably of 50 to 100C and

parti c@Pafigh mozrpenabty @#n @ psed 28T arTHasPPRALEA® CARBLYIE, fFeral |y range
from1l toedmbleans Rapéermidkelfl,r Ban@p doaba2BOobairon obtained by

reduction from synthetic or natural materials containing iron
oxide, for example magnetite.

25 Such components can be used as a supported catalyst. Suitable
supported catalysts can advantageously be obtained by
impregnating or spraying a support with a solution containing
compounds of such metals or mixtures thereof, or by spray drying
a suspension containing a support and compounds of such metals or

30 mixtures thereof. Such supported catalysts can contain supports
known per se, preferably aluminum oxide, silicon oxide,
aluminosilicates, lanthanum oxide, titanium dioxide, zirconium
dioxide, magnesium oxide, zinc oxide, zeolites or activated
carbon, or mixtures thereof.

35
In step a), the proportion of compound (I), based on the sum of
the starting components, namely compound (I), ammonia and diluent
(VI)}, is advantageously 0.1 to 50% by weight, preferably 1 to 30%
by weight and particularly preferably 2 to 20% by weight.

40
The reaction can advantageously be carried out in the liquid

phase.

45



5 The reaction of step a) yields a mxture (l111). In step b), the h;ﬁggﬂeﬂm
and the catalyst (Il1) are separated from the mxture (Ill1) to give

m xture (IV). 10 The catalyst (I1) can be separated off in a manner known
per se. In the case of a suspension procedure, the catalyst (11) can

advant ageously be separated off by f@iltration, especially through 15 a

menbr ane e 3AARRbHhaEEN va%n%iaééouﬁ%' tee caage@f ot falkXedmpechrup@cedure,

t he reactj 1.xt.u AL.a thdr fxromihe reactor to
| eave theéégrget_a 1 Bilig %oﬁg\éﬁ e rr%ﬁﬁgx\%y%ﬁrjotgomogaén abnéit separated off

t e f 0
in a mann@t ThE P %é ra%’éYpP féq AR V20nCa Hish PER&seER Shouddrator. The
hi gh presgeneraddparange fxem ddvandz@duus| proéefathlyoiedmbys [te@t50nbasi ng]
for separating off any remaining hydrogen. Al or part of the amonia can

advant agepuis|neaBe 1 SRPSF afred @) f yidhaLR #i&RuPd - (1H1§ .Separation can
advant ageously be carried Out by distillation, especially at bottom

tenperatures of 60 to 220C and pressures of . 1 to 30 bar. 30 A mxture (IV)
i s obt ai nEY SiEPeP) st Bhe PYAragen g heo cehalysivelffloArei seRarased) frop

m xture ($h® mixgpreohEldly tiongive Ppreiseeuce OIVR. liquid diluent (M), is 35
converied to caprolactamin the presence of a catalyst (V). Step c) can
advant ageguslytheysar {1)1e,d Rl bl NsddiG-RQSERES Pfa %anhéfl%gaﬁgu@nge (V).

Sui tabl e diluents” (VI are preferably water or organic nts, for
exanple ClL to C9 al kanols such as 40 nethanol, ethanol n(bipr opanol ,

i sopr opandt ,th§- GaFERT |2 ISUSBERAEPD RIOCRIBER athA CasARYEF aBil) SRPphatic

hydr ocar basivandaghously heheraacated i ffabyphat trathiydy, oespeied lyuthrasgh

cycl opehtamenbraneyef Epprapeiatehb@paedzal | yn arlenekse & i Gdxelobsd such as
_benzenel, ﬁ;@déﬂﬂ?e,%h@!:@&%tiaz‘;ﬂiﬁl&e EHKYS@tlF’éhta%TeB}iEbf’rB@'ﬁ%théJ?aw%

i - propy bﬁ%e o - .- RLO , S . r suc
conpounds, o?ﬁgxg?r%tedrpgtor ?)Feu(?n et graé:.gi% Lly ré‘glaf %n%%f%%EP 2004 5 can

carry functional groups such as hal ogens, for exanple <chlorine, as in
chl or oberenh&YI50%eR LHAM P80 HEPIT akatk ofif| B2 MaqnMEF BAGWR IREXdiSPuents (VI 1)
can be20 mmfeirekly in a high pressure separator. The high pressure

separator can advantageously be followed by {text missing] for
separating off any remaining hydrogen.

2ll or part of the ammonia can advantageously be separated off in
25 step b).

The separation can advantageously be carried out by distillation,
especially at bottom temperatures of 60 to 220°C and pressures of
1 to 30 bar.

30
A mixture (IV) is cobtained after step b).

According to the invention, in step ¢}, & mixture (IV),
optionally in the presence of a liquid diluent (VII), is
35 converted to caprolactam in the presence of a catalyst (V).

S5tep c) can advantageously be carried out in the presence of a
liquid diluent (VII). Suitable diluents (VII) are preferably
water or organic diluents, for example C; to Cy alkanols such as

40 methanol, ethanol, n-propancl, isopropancl, n-butanol, i-butanol
or n-pentanol, preferably aliphatic hydrocarbons such as
n-hexane, cycloaliphatic hydrocarbons such as cyclopentane or
cyclohexane, and especially aromatic hydrocarbons such as
benzene, toluene, o-xylene, m-xylene, p-xylene, ethylbenzene,

45 i-propylbenzene or di-i-propylbenzene, as well as mixtures of
such compounds, for example petroleum ethers. The hydrocarbons



A suitable catalyst (V) is advantageously a heterogeneous catal yst Bgﬁ 00
catalyst (V) can preferably be used as a fixed bed 10 catal yst. ?12 ez
catal ysts (V) are acidic, basic or anphoteric oxides of the el errents of
main group 11, IIl or IV of the periodic table, such as cal cium oxide,
magnesi um oxi de, boron oxide, alum nm 15 oxide, tin oxide or silicon

di oxide in the form of pyrogeni c silicon dioxide, silica gel, kieselguhr,
quartz org, I id t roups Il to
VI of the ﬂg%al&:) gu%a &qﬁqgg %?rcoﬁr) Oﬁél?%%@él ?I’??dlg%m%fyl n the form
of anat a%lé BrHut FPe}nz‘ﬁ ?’ﬁﬂ?ﬁ?%w de, manganese oxi de or nixtures 20
thereof. It is also p055|ble to use | anthani de and actinide oxides such as
ceri um Bxadigntialgepishy oxilde difneste dyim )uandx tbe, dilsemsi (MIDXica®, ba rare
earth m xggbrméicde.or m xtures thereof with the abovenenti oned oxi des.
Exanpl es of other possible catal yst s are: 25 vanadi um oxi de bari um oxi de,
zi nc oxide, ni Og)l um oxide, iron de, chrom um qxi bdenum oxi de,
tungst en DxdHFaBre FER R (tVHei"%oEI‘ IValtegRPRS i ha 3’:%‘:8’:8%? Swi th one

anot her af¥-alysso pBRYiMAtalyssmevsaan pesfesebbnitfeysafdas & Ifdxedebed such
as 30 roncattadlylstir.i de, tin sel eni de, nolybdenum sulfide, tungsten sulfide
and the sul fides of nickel, zinc and chrom um can also be used The

abovenent 0 éﬂ%ﬁ: b t s of
main gro éﬁ@%%a%d ? scag Qgrgo%?lgj ;@Iébpasgéﬁq%o%ghgf errsc'S Qfs whi ch
may be rreﬁﬁ SHEHeRr2 %gd'iailtneg ate8t ahf cf‘fgt QFO ‘Bﬂfé‘& ca&aby % wel | as
aci di ¢ ant 124l FﬁéCl%rPxéﬁGhaﬁgﬁa'P%swﬂkéxFﬁh cﬁPrOMGXP@@f alugdnemt al ysts
are tilamxideoxicde, cxidariorusidxéore, diceridanin okhaddoandot i pyomgenacdi oxi de,

particul aginicphetiesoxtde catialiyat §el paliRGedghhy Alfhrakust niRtredes such as
those di S@Aé}%%@ eaﬂa A).uyso VWi dak %@%taﬁ 68 §Fd°r%%é 81 w vtIthr@ﬁé:t' on of

step ¢), e_present n step
c), the oportl on C?' as a‘“%‘%““-“‘ %i #am'ﬂ? 1o§19e m %3 %? fgstep
a) (co a@?IPF SUtﬁiise&lgE°?+ﬂ?sﬂh?ﬁé?e' manganese Oxi e or mlx res

20 thereof. It is also possible to use lanthanide and actinide
oxides such as cerium oxide, thorium oxide, praseocdymium oxide,
samarium oxide, a rare earth mixed oxide or mixtures thereof with
the abovementioned oxides. Examples of other possible catalysts
are:

25
vanadium oxide, barium oxide, zinc oxide, niobium oxide, iron
oxide, chromium oxide, molybdenum oxide, tungsten oxide or
mixtures thereof. Mixtures of said oxides with one ancther are
also possible. Some sulfides, selenides and tellurides, such as

30 zinc telluride, tin selenide, molybdenum sulfide, tungsten
sulfide and the sulfides of nickel, zinc and chromium, can also
be used.

The abovementioned compounds can be doped with, or contain,
35 compounds of main groups I and VII of the periodic table.

Other suitable catalysts which may be mentioned are zeolites,
phosphates and heteropolyacids, as well as acidic and alkaline
ion exchangers like Nafion.

40
Preferred catalysts are titanium oxide, aluminum oxide, cerium
oxide and zirconium dioxide, particularly preferred catalysts
being activated aluminum oxides such as those disclosed e.g. by
WO 95/14664.

45



this compound (VII1) and the diluent (VI1), is advantageously 0.1 g@@/@m
by weight, preferably I to 30% by wei ght and particularly preferabl

20% by weight. 10 The reaction can advantageously be carried out in the
liquid phase at tenperatures generally of 140 to 320C, preferably of 180
to 300C and particularly preferably & 200 to 280C. The pressure should

general | yrhange ddamidnt 6f 25 hal, RERIEARAY ai®B plasdRP, e 145 The
preferred Péfé:.séﬂl apd.fenperature conditions here are those" under which
the reactfon mxtdre s in the formof a si ngl e honogeneous |iquid phase.
20 The catal yst |oadings generally range fromO0.05 to 5, preferably from
0.1 to 2 ARCSHRR C)eulhe| Broncattdpablf theomospourd @kagdofromotmﬁ)und (V1)
per 1 chtedyssundl(dneipestepw). (FaepseaLl(VvanIpf, Hax@dcpnytied dsunaoffi Xt ure

cgzte ?;P: nghﬁ@m&{p@ﬁhamv%ﬁﬁ Iarx\dadﬂétaﬂrhtetnq ?@pr' g.%t %E&rai@é@ed‘ﬂs& upe1
| | i
gorrpoundys ! !jbr}sWL P 4114}%1788 gpgcn%d iﬁg "feb N f’gd ﬁg%elr‘%g o%yt he

a
pr esent %i%ﬁ' YED 1E)'nents are 30 understood as meani ng
conpounds boi ling bel ow capr oI actam and hi gh-boiling conponents are
under stoothasameaibngecan nEinantdagednd 1y mg aldyted ajutoliactisen 11@@p.aol actam can

be obt ai ngchdd A £Bin efﬁﬁﬁﬂ@éeggﬂefﬁiﬂyog% KROVEL 3%5 @er e rabed ff 180
extractio &O{oodg%h& fttqr?:allggl$’ kﬁreft%?:%bﬂr déi’f Szto‘o 595'°c the,pork-up can

advant ageou i ona St ion in one or nore, such

S
as 2 or Eti%/“srtel ISPB‘E‘ éi’u%%"ége Zfe""‘i‘%u?'t%fiblzésc’aBB’ér RIRSELBLE t hose
convent i oﬁ?ﬂm 2 ﬁ'r§eé1590lPar-d| stl | lation, for exanple those described in:
Kirk-Ctainer, Encycl gpedi a of Chem cal Technol ogy, 3rd ed., vol. 7, John

Wley & ﬁ@%re@@!\/ré’@rﬂﬁres]sﬁzg aﬂ@glﬁaﬁnp%zgtggéc&idﬁ'%l@ﬁs Slh@(ae aQLeai:ﬁosém' ums,
bubbl e- cag, £ %ﬂgého£hé) %ngﬁlﬁﬁqgﬁré4§s if the for %09§é¥ Lerably, any

anmoni a nd di | uent present are appropriat parated from
the mxtule XA rse > Jé dgl‘i’ BaFr | ng conponents, the | ow b0| I i ng conponents
and any unreacted conmpound (VIII) can then be separated fromthe remaining
m xt ur €9 e gaiteildatl lgadingsogerdmallvt gaggeefrmaplePactan, preferably

from 0.1 to 2 and particularly preferably from 0.2 to 1 kg of

compound {(VIII) per 1 catalyst volume per hour.

The reaction of step ¢) yields a mixture containing caprolactam.

25 In addition to caprolactam, this mixture generally contains
low~boiling components, high-boiling components, compound (VIII}),
optionally ammonia and diluent (VII).

In terms of the present invention, low-boiling components are

30 understood as meaning compounds boiling below caprolactam and
high-beciling components are understood as meanlng compounds
boiling above caprolactam,

Caprolactam can be cobtained from this mixture by methods known
35 per se, such as extraction or distillation.

In the case of distillation, the work-up can advantageously be

effected by fractional distillation in one or more, such as 2 or

3, distillation apparatuses.

40 Suitable apparatuses are those conventionally used for
distillation, for example those described in: Kirk-Othmer,
Encyclopedia of Chemical Technology, 3rd ed., veol. 7, John Wiley
& Sons, New York, 1979, pages 870-881, such as sieve-plate
columns, bubble-cap columns or packed columns.
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Advant ageously, all or part of the diluent (VII) obtained in this gEF“@U&
can be recycled into step a) or step c). 10 Advantageously, all or \ﬂ 0
any high-boiling and/or |ow boiling conponents obtained in this work-up
can be recycled into step c). Advantageously, all or part of any unreacted
conmpound (VII1) 15 obtained in thismork-up can be recycled into step c).
The caprolpgkarm i} alafedatdod § d%ﬁoﬁgf§e§§QQHgingtif;tgy% ehvention can be
used in a_manner. Knqwn per _se the “pre aral)ion of “I'n us_rlaefl_y_

| npor t ant 2BBF By ROBET ARG A5PPab it RS EESE ) TE BROPRRIGGSRAL | on
of met hyl “CPRPRRAfiSer &P PovNaRidyngcgampridrasagad oy wawreaghed srompouadas t he
i qui d phdS&IInaeran phavebe sepasfaged from aitee rémaimig GhiXZukéf er autocl ave
fitted o thdavidd1Rasketoddtarir, eaN§aididiprdfageoh, catal yst pellets, and
with a gas injection stirrer, and were reacted under 30 the conditions
given in aal d table. The propriate_reaction ressure was kept constant
by the cofitTAUARSONSLEr i Hy" S PAYHr Bfeie PHUPRE Ul Yl larBtakekth i thapl e 1.
35 40 45 ¥ar&tyRsRaubesreglRescintn Fremldot oyi eteb id -condi ti ons[ % MCOVSOLV
NH3 T pt MAMHAH CL (79 g)[C] (bar][m n]

Neonet i1Pe§d8%fﬁFg%olléig‘§9ﬁo%%§§jr930p R LN 8 8522001 . 05. 90. 3
gnetitelrtc . | 17- - . 90.
mbalt17-%%%9od5§g§§8%. é.;geg‘% b%%ff%’fi.“e%‘é‘i‘o‘ﬁ B G280° Fecye18d

Cobal t 8. 8B 5010016593.9--1.1 Cobal t 8. 8t ol uene8. 15010016094. 00. 61. 2

Advantageously, all or part of any unreacted compound (VIII)
15 obtained in this work-up can be recycled into step c).

The caprolactam obtained in the process according to the

invention can be used in a manner known per se for the

preparation of industrially important polymers such as
20 polyamides.

Examples

a) Batch hydrogenation of methyl cyanovalerate
25
Methyl cyanovalerate, solvent and ammonia as the liquid phase
were placed, as shown in table 1, in a 0.27 liter autoclave
fitted with a wire basket insert containing 80 g of catalyst
pellets, and with a gas injection stirrer, and were reacted under
30 the conditions given in said table. The appropriate reaction
pressure was Kept constant by the continuous metering of
hydrogen. ’

The results are shown in table 1.

35
Catalyst |Educts [g] Reaction Product yield in
conditions (%)
MCV  [S0LV NHy |T ) t MAH AH CL
(79 g) [°C] |[bar] | {min)

40 Hagnetite 6.8 [MTBE  [8.1 |110 [250 |30 52.4 [3.0 3.6
Magnetite 17 toluene 8.1 |110 |250 35 96.7 1.8 1.6
Raney Ni |17 - 69 50 100 220 91.0 5.9 0.3
Cobalt 17 - 69 g0 250 30 93.8 3.7 0.9
Cobalt 17 - 69 50 100 70 98.2 0.8 0.3

45 (Cobalt 8.8 toluene |69 50 100 165 93.9 - 1.1
Cobalt 8.8 toluene 8.1 |50 100 160 94.0 0.6 1.2
Raney Co |17 -— 69 50 100 45 91.7 1.1 1.1
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6-cyanoval erate MAH nethyl 6-am nohexanoate 15 AH 6-am nohexanarf éE!’d_ﬁ
caprol actam 20 MIBE: net hyl t-butyl ether b) Batch cyclization of nethyl

6- am nohexanoate to caprolactam 2 m (1.6 g) of a 10% by wei ght sol ution
of nmet hyl 25 6- am nohexanoate in tol gene ver e converted as shown in table

2, in a oti 5y§£%at—#5&%m—ﬁw IIUUL ¢ oveet \.:.u at-al yst.
The conve}csaﬁl&g% gl\‘Ef nmet hy 8 ani nohexinoat e to caprol a¢ ?rc‘j’d’ué‘t ?Yl’}f Ci3’(’)“&re
shown inltable 2. B5 CatalystEducts |[§Pmbddonsn Producttlield in
conditions[% MCVSEESY NHSOFVp i { NNAH AH CLp(79 ¢%[ C] (b4A5 [ ni{AH Raj@ly
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Raney Co |8.8 toluene|8.8 |60 100 90 98.1 1.0 0.6
Raney Co |8.8 toluene | 19.6 |60 100 20 98.8 0.8 0.3
10 Table 1
MCV: methyl 6-cyancvalerate
MAH: methyl 6-aminchexanoate
15
AH: 6-aminohexanamide
CL: caprolactam
20 MTBE: methyl t-butyl ether

b) Batch cyclization of methyl é6-aminchexancate to caprolactam

2 ml (1.6 g) of a 10% by weight solution of methyl

a5 6-aminohexancate in toluene were converted, as shown in table 2,
in a 5 ml autoclave at 150°C, with or without 1 g of powdered
catalyst.

The conversions of methyl 6-aminohexanoate to caprolactam in (%)
30 are shown in table 2.

Catalyst
t [min] |none 510, prec. TiO; Zr0; Mg0O Cao
Al,0,
35 |15 4.4 46.9 70.3 53.1 43.7 8.1 4.7
30 5.2 69.7 B9.1 73.6 63.1 11.6 5.8
45 5.9 80.0 92.4 8l.2 71.5 14.5 6.2
60 7.0 83.1 94.2 84.5 76.7 17.7 7.7
120 11.6 98.7 959.0 98.0 98.0 28.6 13.0
40 Table 2

¢) Continuous hydrogenation of methyl cyanovalerate

1. On a cobalt catalyst

45 .
In a 100 ml tubular reactor with a separate feed for educt
solution, ammonia and hydrogen, 100 ml of cobalt catalyst were
activated at 280°C and the loading (in g MCV/ml catalyst/hour) and
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Patg®99£3890: 04 0. 212099. 9299. 32 15 Tabl e

on a

reactor with a separate feed

for educt solution, ammonia and hydrogen, and containing 100 m of
Cr-doped 25 Raney Co, the loading (in g MoV/Inm catal yst/hour) was varied as
shown i n |febfiengl at a prEBdUcd of 80 BV, canvenpmat yMAHOoSeB&E ivdng an
ammoni a/ NCV ratio of 2:1. The results @ne shown in taggq 4. 30 35
Loadi ngl\/[:ﬁ_§unvc|bi o T g Setectivighy gh S 05648064 {7 0-—486-3689. 30
fa)
0.389. 987778 80 58.64 58.63
0.2 80 95.31 95.31
0.2 90 98.46 98.08
0.2 100 99.36 99.04
0.2 120 99.92 9%.32
15 Table 3
MCV: methyl 6-cyanovalerate
MAH: methyl 6-aminohexanoate
20

25

2. On a Raney cobalt doped with Cr

In a 100 ml tubular reactor with a separate feed for educt
solution, ammonia and hydrogen, and ceontaining 100 ml of Cr-doped

Raney Co, the loading (in g MCV/ml catalyst/hour) was varied as

shown in table 4 at a pressure of 80 bar, a temperature of 80°C
and an ammonia/MCV ratio of 2:1.

The results are shown in table 4.

30
Loading MCV conversion [%] MAH selectivity [%]
0.5 64.80 64.77
0.4 80.30 80.30
0.3 89.50 89.50
35 0.25 98.50 98.61
0.2 99.60 99.56
Table 4
MCV: methyl 6-cyanovalerate
40 way. methyl 6-aminchexanoate
d) Continuous cyclization of methyl 6-aminohexancate to
caprolactam
45 l. On a TiO; catalyst
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nmet hyl 6-am nohexanoate d) Continuous cyclization of nethyl

6- am nohexanoate to caprolactam 45 1. On a Ti Q2 catalyst 2 2 SEP 2004 10
A 10% by wei ght solution of nethyl 6-am nohexanoate in toluene, possibly
contai ning water as shown in table 30was converted on a Ti02 catalyst

(1.5 mm pglict oy welgn@%dnut&aﬂ%firmé@@qt @La&xi&&ﬁtﬁano%@e Cfﬂ «agpter 6 mm

at the T eaeld @ BUREL AL, 00, | 22 din( LR e}/ / oS0 r'tgdt abl e 5.
Th | 5 Eef T MR S
e e e i S e

0. 420009777395, diapets 981)36'961‘-18%3 a2 200 9B RFR LtRge 03151221@598!1939161 44
0. 525009 7xH894.) 95hOwn 24028618 795. 85 0. 5230097. 4297. 31 0. 5220097. 9296. 58
Table 5 MAH. CL: nethyl 6-am nohexanoate caprolactam 25 2. On a

game- al i ymeaxide, & ﬁahsgilr?éﬁt 1A 49% by wei ght sol ution of nethyl

6- am nohexanoat e

|nt

Loading T Water [% by |MAH conversion CL selectivity
10 [°C] |weight] (%] [%]
0.5 200 0 95.44 94.54
0.4 200 0 97.73 95.24
0.5 220 0 98.30 96.85
0.5 220 0 98.64 96.23
15 | 0.5 220_ |5 898.93 96.44
0.5 250 0 97.56 94.95
0.5 240 0 96.87 95.85
0.5 230 0 97.42 97.31
0.5 220 0 97.92 96.58
Table 5
20
MAH: methyl é~aminohexanoate
CL: caprolactam
25

2. On a gamma-aluminum oxide catalyst

A 10% by weight sclution of methyl 6-aminohexanoate in toluene,

possibly containing water as shown in table 5, was converted cn a

gamma-aluminum oxide catalyst (1-3 mm chips) in a 20 ml tubular
30 reactor (length 90 cm, diameter 6 mm) at the reaction temperature

and loading. (in kg/l1/h) shown in table 6.

The results are shown in table 6.

35
Loading T Water [% by |MAH conversion CL selectivity
[°C] weight] (%] (%)
0.5 220 0 97.86 96.36
0.55 220 0 97.87 95.84
40 0.6 220 0 98.04 96.49
Table 6
MAH: methyl 6-aminohexanoate
CL: caprolactam

45




possibly containing water as shown in table 5 was converted on a 32 P20
gamma- al um num oxi de catalyst (1-3 nmchips) in a 20 ml tubular c%ég
(length 90 cm dianeter 6 CMm) at the reaction tenperature and loading (-in
kg/ 1/ h) shown in table 6. The results are shown in table 6. 35 40 45

Loadi ngT Water [% by MAH conversion £ selectivity [Clweight][A[ %A

0. 5220097. 8696. 36 0 55220097. 8795. 84 0. 6220098. 0496. 49 Table 6 MAH. net hyl

6- am noh

caprolactam 2 2 SEP 2004 11 We claim 1. A process

for the preparaﬁl on of caprolactamfroma conpound 5 of formula (1): NC -
(CH2) 4 -
car boxyl ik adt ®#rocesesfer tieowpepranatiaim of) caprokguund fE6R drecmpourtur e of
such corpounds, formthe (B)presence of anmonia and optionally a liquid

diluent (M), is hydrogenated with hydrogen in the presence of a catalyst

(I'1), wherein a ereo‘?ﬂ ?cte%ofrowthe groupl(§ onprising re, Ni, Co and

Ru, or m xtures t

CO- R (l) in which Ris a carboxam de, carboxylic acid or

used as the cata ically active conponent of

the 20 catalyst (I1), to give a mxture (l111), 25 b)the hydrogen and the
cat al yst in WhigheR sepa@r geshokamide heambgrylic (aICIlld) or ccapboxydigi acide (1V),
and t he rastenr eréip)), optionally in the presence of a

15

20

25

30

35

40

45

wherein

a) a compound (I) or a mixture of such compounds, in the
presence of ammonia and optionally a liquid diluent (VI),
is hydrogenated with hydrogen in the presence of a
catalyst (II), wherein a metal selected from the group
comprising Fe, Ni, Co and Ru, or mixtures thereof, is
used as the catalytically active component of the
catalyst (II), to give a mixture (III),

b) the hydrogen and the catalyst (II) are separated from the
mixture (III) to give a mixture (IV), and

c) the mixture (IV), optionally in the presence of a ligquid
diluent (VII), is converted to caprolactam in the
presence of a catalyst (V).

A process as claimed in claim 1 wherein the catalyst (II) is
a hetercogeneocus catalyst.

A process as claimed in claim 1 or 2 wherein the catalyst
(II) is a fixed bed catalyst.

& process as claimed in any of claims 1 to 3 wherein the
reaction mixture used in step a) is in liguid form during the
hydrogenation.

A process as claimed in any of claims 1 to 4 wherein all or
part of the ammonia is additicnally separated off in step b).



COdiluent (VIl1), is converted to caprolactamin the liquid presence c?f []ap oot
catalyst (V). 2. A process as clained in claiml| wherein the catalygt § I%
is 30 a heterogeneous catalyst. 3. A process as clained in claiml or 2
wherein the catalyst (1l1) is a fixed bed catalyst. 35 4. A process as
claimed in any of clains | to 3 wheni® n the reaction mxture used in step

o), S 041 0 gebsemn s e e sskiGanathshy B PuEERs, Hhetl ol mod
any of clai r r part, o e ammoni a. 1 s .additionally
separ at ed O][chal r?lgfegy\ﬁ .C%J%a% 3 %E[E?tfg'oﬁxige 3 t%'eprcg&'gggth%a Yai med in
any of clai m®t{¥s 8§ % the catalyst (V) contains a metal oxide as the
catalytically active conponent. 5 7. A process as clained in any of clains
1 to 6 Sviereim prbheessadslglstimel) ih Sarey fofxedabre raialsysher®in Angr ocess as

claimed in aacafiystaivp ik LOsIxdh& RaRalptal Oxide selected fromthe
group conpri sing %,i t ani um di oxi de, 10 al um num oxi de, cerium oxi de and

zirconium oxide, or mxtures thereof, is used as the catalytically active
conponent® -of % REOCRSE A% Glagypd 4% axy o6 gHaims 4 tes7 wherein a metal

oxide selected from the group comprising titanium dioxide,

10 aluminum oxide, cerium oxide and zirconium oxide, or mixtures
thereof, is used as the catalytically active component of the
catalyst (V).
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