1r & AE 8163 PROCESS FOR THE RIGMARAS e
[err] CAPROLACTAM 5 _ The invention relates to a process fﬁ
for the preparation of [err]-caprolactamstarting froma 5-f

valeric acid or ester or amide (al dehyde coﬁpound) in whi 2R élg%actlon

in the presence of ammonia and hydrogen 10 and a subsequent cyclization of
the reaction products thus formed ([err]-caprol actam precursors) to
[err]-caprolactamis performed in the presence of water.

Such a process is known starting frommethyl 5- formylvalerate and is

described in US-A-473086crdd #oR STHP PIEPIOESPTOR W | e—cAFNODACREr ate s
first (x) hydrolyzed i'n the presence of water and an aclidic agent to 5-

formylvaleric acid, which is then further (y) reacted in a wat er
sol vent wi t% ammoni a and hydrogen in the presence of a Raney ni ckel

catal yst in one reaction.ste 0 capr Qi | e epar ati on
of all the ammonia the THe '14¥§§§ﬁ§%a?éi§%¥§ %@ % r%% gﬁo?%E zéz) and

e- capr ol act am pregagm@ﬂof—@mroj@tqt@m starhd ng- &ﬁpmoéaﬁrépﬁmai

A di sadvant age /f | : I t ek l,ment al
results, the b(‘a’s%tletrqcS 1@%%8 éss'%eeforh%tr) alms1dgﬁc(§q§i%h%%tehgo%ng§uﬁgpe|1 of step

(y) is only Wwhi én&%%tuyrté!ed pFeseRes ofaprmmerde; and( RYdregpsr ] -
caprol act apg i Sa@rd ) %%seﬂm%rﬁveryaﬂhzsaltaldﬁ oF ttihies r%hclfli%h prodﬁz%s thus

QYE?ZL{.XLGLEO %F%gds %%prngg%g¥L}4§§i§§Pr39 tﬁe pF@?éﬁgneﬁ9anﬁon is a
process forpeprrfmmdqg.!{ dorhve] pramescsc tofmwarkea .hi gh yield starting from
5-fornylvaleric acid, es%%khpr %mdyﬁss is known starting from methyl 5-

formylvalerate and is described in US-A-4730040. In this

15 process methyl 5-formylvalerate is first (x) hydrolyzed in
the presence of water and an acidic agent to 5-
formylvaleric acid, which is then further (y) reacted in a
water solvent with ammonia and hydrogen in the presence of
a Raney nickel catalyst in one reaction step to 6-

20 aminocaproic acid. After separation of all the ammonia the

- agqueous mixture is heated to 300°C (z) and es—caprolactam
is formed by cyclization of the 6—aminocaproic acid.

A disadvantage of this process is that,
according to the experimental results, the best yield of

25 step (x) is only 78%, the best yield of step (y) is only
77% and the best yield of the final reaction (z) to &-
caprolactam is-only 95%. The overall yield is thus at most
57%. This overall yield to g—caprolactam is too low for a
commercially attractive process.

30 The object of the present invention is a process
for preparing e—caprolactam in a high yield starting from
5-formylvaleric acid, ester or amide.

The object of the invention is arrived at in
that the following steps are performed:

35 '

(a) contactihg the S5-formylvalerate acid, ester or amide
with ammonia and water under non-hydrogenation



Theqobj ect of the invention is arrived at in that the follow ng steps

are perforned: 35 (a) contacting the 5-fornylvalerate acid, ester or
am de wi th anmoni a and wat er under_non- hydrogenatlon

-2 - AE 8163 condli Ti ons, (b) B Fketting
the resulting aqueous m xture of step (a) wi th hydrogen in the
presence of annnniacaﬂg§£l ns hydr ogenati on conditions, in which the
wat er content 5 Ri gher than 10 wt.% (c) heatlng t he

resul ting mixt (P& o¢°§té9téay thearesulting aguepesanixtubetofest&OO0(and

350[err] C in order %9tROAY&Fbgen in the bPEsEREET bPNahORLE Sn@by St EP (D)
to [err]-caprol act pears that when the process is

performed in 10 ag}3589§n35§8?|B@deﬁéﬂpﬁn hpg¥hich| tRe(yater content _
[err]-caprﬁlactan1 is haghepobthanetlosvdising fromthe 5 fornylvalerlc aci d,

ester @g¥de ﬁ%iH&&gﬁé ?Q%Q?Efﬂgsﬂixéhié $ 5£85 %} aé?tgf t he

sol vent of the ocess 1s
reactions taklng pIé%@P?ﬁathéepb@t@§3n1500a@n@r@5®gctDnt@edenvEmtemmwefy

usi ng additional “ﬂiﬁé ﬁéaétlon bdﬁaistgf ﬁU@Pe(betg éiéﬁﬁﬂédfe Inunds

in the process is limted ter_ Is furthernore easy to | arge
scal e commercial plants. IEe%Epg%f%t9h%Ea§ﬁ?%s he PTReRRS is pewkormedein|s

used as sa@bventhdezbose d)ésd:tSbedOfaeumlngOwéIDdlstwl@-rc é}ﬁ' ve

t fhat 1
Sl vent o usob [OHRIRGE" GiEPring c£BR' o SCHOMAHE g5 i ?%c&i
reaction extamidept A flerther @I@V@mw mf]othlsjrphxméns dien thoatt hfhe
next step. 25 golvent of fhé%{'g@% @di’@% ét[k@ ﬂgé‘ Vel rgo E-

aprol act am are possi bl e when I n ail
cap product of the reactlong taklng place 1n the process

15 according to the invention. By using additional water as a
solvent the number of different compounds in the process
is limited. Water is furthermore easy to handle in large

~ scale commercial plants. Less safety measures are needed
ﬁhen water is used as solvent because of its, for example,

20 non-toxic, non-explosive and non-carcinogenic properties.
Another advantage is that the same solvent is used in the
whole process making it possible to use the reaction
mixture obtained in one step without undue burden in the
next step. . '

25 A further advantage is that high yields to -
caprolactam are possible when applying a relatively high
concentration (concentration levels higher than 10 wt.%)
of starting or intermediate compounds in the various steps
(a)-(c). This is advantageous because lower-volume process

30 equipment is needed, thus reducing the costs of investment
for a commercial process. -

A similar process starting from a 5-
formylvalerate ester to es-caprolactam is described in JP-
B-68029148. This patent publication describes a one step

35 proces in which a 5-formylvalerate is reacted with ammonia
and hydrogen in the presence of water at 230°C and 15 MPa
in the presence of Raney nickel in the liquid phase. 2



congentration (concentration |evels higher than 10 wt.% of starting or
I nt ermedi ate conpounds in the various steps (a)-(c). This is

advant ageous because | ower-vol une process_3Q _equi pnent is ngﬁgggisghus
reduci ng 't he costs of investnent for a Tonmercial proces

A simlar process starting froma 5- formylval erate ester to

[err]- Capr°|ach§§hg§ag§§§%'Q%dth@§égrocess8 ggngééﬁg Ig ﬁspﬁt? 3pQal, .

publ i cation descri
reacted with adfolhat theaﬁéeﬂﬁ§réé@ﬁtuﬁt?h§eEYe§§ﬁéélﬁfWhﬁ@ethatPQQGFéﬁr]C

and 15 MPa 1gnchhe1gae5g@cqnghsegag119|ckel in the Iiquid phase. A
- 3- AE 8 ntaggéof this grocess accor di ng

to US-A 4730041, i s %‘h&ﬂmﬂ?és 28Fd§¥'ﬂ G¥ELiEatyepy O B3RPy NRRRRT PLE
process 5isacadrbedseam1nbdaptbualh¢1d amide (intermédpabeepsofiaetihe

(ntermediat e BFofie, reveRy intendiol ShisRiaLEOERPRRAC1ACBETKRE) 17
step (b)) in an aguegusoasmemiBnics 4p purpureteat eplyehtens Aesdeibedbed

i n US-A-3485821y BxpRLBARBE2N . r%&gb&imﬁﬂﬂﬁﬁt?@Eu@is3§hﬁﬁ Hhat at 33 wt.s
6- am nocaproic _acid in water [err]C polyamde I's forped 10 _as a

by- pr oduct . 6—am1nocapr01pnagﬁ aﬂﬁlHP§e6faPPaﬁQoﬁﬁrBgliﬂﬁlﬁﬂshﬁnﬁ°EH€€han
(I'nd. Eng.1Chesas ErDQGQSOB&&t Dev. Vol. 17, No. 1, .1978, page 9-16)

t he cyclization of 6-am e t and her a
maferysoiien{ or an et hano g@ogvgﬁ?SESbf g gg&c”?ﬁgﬁ ?ﬁnéeﬁ??Pé|§£?8§%ﬁes
that a tenperaf&nd.oEng. CabmutPsoOPGSrPQSanﬂeut Hoyhel7¢oNoenty alPd8s of 1
mol / kg of 6- aganbn%apwecc%u‘ézah@nasrn@cgmg %gfbﬁ?cagb g, 'E%%W

hi gh | evel s of diinmers and othef oligoners nai ctordrng to
this article tABIfBMALL 4R SFtPﬁésé Yptgsnepdvent px ansabbanebgeeliventr

the [err]-1mpr dbagbsoribedd. This article teaches that a temperature of
about 300°C and at higher concentrations of 1 mol/kg of 6-
aminocaproic acid or 6-aminocaproic acid amide in water
high levels of dimers and other oligomers may be formed.
According to this article the formation of these oligomers
20 is disadvantageous for the s-caprolactam yield.

The possible starting compounds of the present
process, 5-formylvalerate ester, 5-formylvaleric acid and
5-formylvaleric acid amide will be referred to as the
aldehyde compound in the description if the description is

25 applicable to all three starting compounds or mixtures of
these compounds.

The mixture of compounds obtained in step (b)
will contain reaction products which are able to react to
g—caprolactam and possibly some amount of e-caprolactam

30 precursors. These "e-caprolactam" precursors are 6-
aminocaproate ester, 6—aminocaproic acid and 6-
aminocaproic acid amide. The amount of 6—aminocaproate
ester will normally be very low. When relatively high
concentrations of aldehyde compound is applied in step (a)

35 and (b) a significant amount of oligomers (mostly dimers)
of the foregoing compounds are also formed. It has been
surprisingly found that these oligomers can be reacted to



Tpedpos§ible starting'conpounds of the present process,
5-f3rnylrﬁlgrate ester, 5-fornylvaleric acid and 5-fornylvaleric acid
ani de w e referred to as the al dehyde compound in th ) ption
if the description is 25 applicable to aTIgtﬁree starting cgﬁggiﬁéé or

m xt ures of t hese conpounds. The m xture of conpounds

obtained in step (b | ls.C I N heaGhhon spEeduc S e able t
react to [ rF%P%g%FgFaC éﬁi%ﬁ% p_§3i%ﬁ&hs%&glgﬁguhﬁgg?y%?%g%roIactan?SO
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ester, 6-am NogARLRArscRe 4 13tédabove . 2ABetAuBR' QFC tadkd thsi d2igbheranount
of 6-am nocapr Oate ester will normally be

| ow. Wh i
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ol i goners can be reacted

AE 8163 obtalinedhiby dytdnoafiormylas ice) ofi tihes cRrr2sPINGAng el ds
conpared to V‘hgén%te‘?{ota't%g JdUP ! R ild103e dnfiidd =& Fo?! d%adidle deRc@qbedor S

| i sted above. Because of this the oligoners fornmed in the process
according to tHer rhenEskerarin Fosh9426688 @é’fdeam['&'%él%@rs:}] 9@&%&%&*‘%
Precursorsyp acid in WO-AlUS1B7 ey MHrefcietic® €% JivedCitd eheasi-de can be
obt ai ned by hydr of or

l.ati on of .the correspandin nt te.ester,
acid or anide @rWﬂryégﬁFﬁt@ SREES ARy St““'H:fldlrg tc%é“pé’é‘\"@re hle% eA-tgllsffGGBB
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conpound is nore easily obtaina The a
can be represerficddawincha@ener§lo|fmMHSR general formul a:

15
H-C- (CHz ) ‘—E—R ( 1 )

I
o -0

20 where R is a -OH, -NH, or —O-R* group, R is preferably an
organic group with 1 to 20 carbon atoms, wherein the
organic group is an alkyl, cycloalkyl, aryl or aralkyl
group. More preferably R* is an alkyl group. Examples of R!
groups include methyl, ethyl, propyl, isopropyl, n-butyl,

25 tert-butyl, isobutyl, cyclohexyl, benzyl and phenyl. By
preference R' is methyl or ethyl. _ |

The first step (a) is carried out under
non-hydrogenating conditions. The term 'non-hydrogenating
conditions’ means that the reaction conditions are such

30 that, either no hydrogen is present or if hydrogen is
present, then the aldehyde compound or a reaction product
of it is not or virtually not reduced by the hydrogen. In
general, non-hydrogenating conditions are realized by
carrying out the first step in the absence of a

35 hydrogenation catalyst. '

In one such embodiment of the present process
the hydrogen (of step (b)) can be already present in step
(a). However, if the hydrogenation catalyst is already



15 . H G (CH2) 4- G- R (1)

0 0 20 where Ris a -OH -NHerr] or OhR[err] group, Rlerr] is
preferably an organic group with 1 to_20 carbon atons, whes 44 he
ofganic group is an alkyl, cycloal kyl, aryl™or aral kyl group Nbre
preferably.R[err] I's an al kyl group. Exanples of Rerr] groups incl ude

net hyl, ethyl PBand hSQBEPpﬁgep, RBhyvh dgégehﬁfinauéﬁhdlt§éﬁﬁtHie

cycl ohexyl
The first stepaGé}eV§dchrPQG ééﬁleﬁdBYdr°ggﬁgggh§%ggééﬂ8§Fﬂﬁ @%ﬁﬁﬁ%?ih?y"

The term ' non- §ydse0gkebirNgompletandi siteps'(ayeansthhall pbesibaetion

conditions are t hat th h
o O esant SBAGATERS dPqERSSe ReekAaENATar ogen,aof] ERE hyGEobbal¥ieRony
i's not or \§rtuoakth}ystt isegueeentsy inhetepdiegen. In general

non- hydr ogenating condit S ed.b ; N8e0 o oat
step in the absence of abg% t@h@e&ﬁghgﬁlg# %gep (83 iy BeOUp EB 1bore

such enbodlnenﬁndflﬁh@rﬁﬁ@§éhﬂyppﬁ ygen 0 ﬁ?&rSQeﬂ°(8fp§Fgﬁr?B#¥ can

be already pregq@t temper@Rure 1s(gktwu@weweplomﬁcthe hydr ogenati on cat al yst
I s al ready n AE

8163 present in t hild ?F@pbeﬁenfﬁyﬁpo§gﬁ§t HS 88ﬁ8|f %tgrglt
achi eved o no&e@ddldngdwdreagbltd @-icapriodactiagn precugser s arenar:hlamedr

conpl eting st eﬁré&? &Pc?g o0 rv% %q,zﬁl Rlge the aﬁ@é‘?&‘d@e'Etomb%uhhaﬁn?ﬁgtbﬁer(a)

hydr ogen nor t enati on cataly esent ep
The tenperatur38|mosﬁeﬁham %08y m&eﬁﬁfﬁélﬂ26FéﬁrF@an 99%. Too low of a

conversion will result in an increase of, for example, the
6-hydroxycaproate ester (or acid or amide) and/or
15 secondary amines formation. Formation of these compounds
will negatively influence the overal yield to &-
caprolactam.
As explained above a too low contact or
residence time in step (a) will result in undesirable by-
20 product formation. The optimal residence or contact time
at which the conversion of the aldehyde starting compound
is virtually completed will depend on the reaction
conditions, for example temperature, concentration of
reactants and method of mixing. Longer contact or
25 residence times than needed to achieve the above
conversion are possible. The optimal residence time or
contact time can be easily determined by the man skilled
in the art. Starting from the temperature and
concentration range here described the residence or
30 contact time will'under normal mixing condition preferably
be higher than-5 seconds. Preferably the residence or
contact time will be below 2 minutes.
Step (a) is carried out in the presence of
ammonia, preferably a molar excess of ammonia is chosen
35 such that the molar ratio ammonia:aldehyde compound is
between 1:1 and 500:1 calculated on the starting amount of
" the aldehyde compound. Preferably this ratio is higher



.and;is preferably between O[err]C and 100[err]C. Mre preferably t he
tenperature i s between 20-100[err]C. It has been found that
the best results with 10 regard to yield tg [err]-caprol act ursors
are achieved when the conversion of the®al dehyde conpoungﬁ%ﬁh§%%p (a)
is more than 90% preferably nore than 99% Too |ow of a conver si on

w | rgsult in ggy gc%?gﬁgigfprgggr ?gpLﬁistpg io 1$ 8ﬁ€% ﬁOfée ester

(or acid or anf secon amnes orna |on

t hese conpound3$£ thlantatmega5|vgbylowftheneecaDEObaetam ylelﬂ is [err]
capr ol act am at1ve1 lné§ugﬁggalned above a too | ow contact or

resi dence tlne ﬁ step W ll result in undesirable b roduct

formation. The optlnal §FSEnUé16rb€oﬁPéE? t thestep é?ymﬁ§cﬂ gaction
conver si on sf bhﬁdﬁbdebdehét gehtBfonOBpEWEEN theuamehyael d:gmpoumaeaﬂd

N eoeP e o hREn 82 b8 apounfCBE hBAE, 1hoLyE BERLEBEREL LG Cor

concentration 3 m XI n act or
resi dence ti nestepafadeadddthe ugheevﬁo:medabuvetep (ebnwersteﬁeaably

possi bl e. The Qﬁffﬁheheshgegﬁ@uh\:”@ooﬁt 1easen£ﬁstlb'aslaﬁe Peygest!y

determ ned by the man skil e art. tartln% fromthe tenperature
and concenFPBEPBRIRLAGE REr EhGeBdXFBER pRed; i8j 8ERRe(B) - 3MOT@ont act

time will 1lmdebr§§éﬁab19‘1 ét@g qaoduhl ﬁérﬁbefnedaththe préseheghet aban 5
ntact time will be below 2

seconds. PrefeiabI¥ &B genc
ni nut es. eas Wg b (BfranEaPF|¥8 80t in the presence of
amoni a, preferably a noWhenexbessldéhydeoatartinghoempo@sd isch 5hat the

o e on FRERELSRESRNTS SO¥RRuplakdzapyy S MeRR1 ABGHERNL
this ratio is AFgRef2). e alkanol is preferably t e corresponding
AE 8163 15 alcohol of the ester (R'-OH). The concentration of alkanol
in step (a) is preferably between 2 and 20 and more
preferably between 5 and 15 wt.%. When an alkanol is
present in stép (a) the solubility of the 5-formylvalerate
ester in the reaction medium increases.

20 Preferably the molar ratio ammonia:5-—
formylvalerate (5-formylvalerate plus g-caprolactam and/or
g—-caprolactam precursors) in step (a) is between 3:1 and
25:1 more preferably between 5:1 and 15:1, |

The water content of the reaction mixture in

25 step (a) is preferably between 15-60 wt.% and more

preferably between 20-50 wt.%. _
The concentration of the aldehyde compound or

the concentration of the sum of aldehyde compound and its

reaction products (5—formylvalerate plus e—caprolactam

30 and/or g—caprolactam precursors) in step (a) is generally
between 1 and 50 wt.% and preferably between 10 and 35
wt.%. _

The pressure in the first step is not critical.
The pressure is generally equal or greater than the

35 resulting equilibrium pressure of the reaction mixture and
the temperature employed.

Step (a) can be carried in the presence of a



t han 5:1. More preferably this ratio is higher than 10: 1. If this ratio

i's too low the [err]-caprolactamyield is negatively influenced.
Water will be forned in step (a) as a reaction 5 product of eg{&fction
between the al dehyde conpound and amoni a. The anount of Water 1n the
starting m xture of step (a) and the water fornmed in step (a) is

preferably sufficien 0 :lse I ght 5%
concentration SP%F &5%irx ?re eusegriiten%glt %Ec):lgb;i.%hl\/%?gh%gg%{r@e?gr_gfﬁ ?fégtagg (a)
is performed i methd prddencatellyst. for| exemple fdvgAnaperc&ilzofThgt er.

breferably an SCENasEion B U ey a s ol I 5 RE Stk

sent in e . e i bl
the correspondistgP13 18 FrACasds I‘f@"@é:ia@iy( ICI%["’e - _e%fﬁgggoﬁlcgﬁ‘?%ﬁ’,g%% 01}/
al k?nol N _5b| trlB@c%l%5s(ea)tHeS dveaiadnalyliplide thoe ar-capaod az@aand snmwog greatly
preferably betwye an 5 . % n anal, i : ert: i Ste
(a) the sol ubi |H“&§“@fn°tag’ejbél }%emﬂfb%%g‘r% gt Qralyse 1pkBsCHicak S B0
i ncreases. 20 step, such Rr efadradiyist tifse geslerallm inetamsed-a: 5-
formyl val erate (5-fornyl Vfﬂeerpaztoecegéj% zrdi' P ltd 3Rvand/ion can be

[err]-caprol actam precursors) 1n step (a) I s betwen 3:.1 and 25:1 nore

preferably bet pepfamedyhatah wise or continuoufly & J2r8sE53%f t he

react| on Mgt Uiconaibydt Al W deded I tetatily Wepetdihed % and o e

etween 20-50 wt. % ., Lhe . at,J fi.d he
al dehyde corrpoﬁﬂf‘ﬂrn“"us%ﬁe ﬁc‘%?ncsétrﬁ‘? 23 on ]t%eﬁg)rt}%e(rc%{tawé%%ygzgeéonpound
ang/ It s[ | r eadaanrodmd ssyfE forent Iyl conttac igdia Y & rgerd@dmol act am 30
and/or [err]-c t r r | i 3 i t
and 50wt 9% and SRSHEARS SHIREFapdt £ G (U de A5G dopriomAPan 1
pressure in thdnithe piegence mf arfatakyst as dgfenihed akever Jderally
ﬁ}g;?{” gr agggat Qﬁatr%ﬂ'@t" df & d@Singd | Wl Equedd 1My Waff rssURomwfexampleact i on

' " Q%eeéﬁegtgc;rag#{ﬁl eéq)lv%}/t%jdut, for example,Stier&éﬁ)alcan be

carried in the Y%
baffling or packing or a static mixer is a possible

contacting unit for step (a). To control the temperature
in step (a) it may be advantageous to use cooling devices,

20 for example cooled walls or a cooling spiral placed in the
contacting unit.

The above described ratios and concentrations
and their preferred values for step (a) also apply for
step (b) unless otherwise mentioned. Moreover the

25 composition of the aqueous reaction mixture obtained in
step (a) is by preference, directly and without
substantial separation of any of the compounds of the
mixture, used in step (b). This is advantageous because it
results in a more simple process.

30 The reaction product obtained in step (a) is
converted in step (b), to s-caprolactam and e-caprolactam
precursors, under hydrogenating condifions in the presence
of ammonia. -

The s-caprolactam precursors, 6-—aminocaproic

35 acid amide, 6-aminocaproate ester or 6-—aminocaproic acid,
are defined by the following formula:



-7 = ) AE 8163 catal yst, for exanple an acid ion
exchanger or an acidic net al oxide catal yst, for exanple alum na or
Tigerr]. The conversi on of the aldehyd§_§tarting conpou iékégmafirst
sfep al so proceeds favorably in the absence of a catalyst. 5 ecause the
overall yield to [err]-caprolactamis not greatly I nfl uenced by the

presence of a catalyst ig tRecfflslo-r Step, such a catalyst is @ggerally
not used. $ﬁe|p$oc€§%|pccording to the invention can be

perforned batch wi se or conygpuouslyyg A large scale 10 commercial process
will preferably be perforned continuously. For step (a), it is

| nportant that the reactants are sufficiently contacted at a certain

t enper at ur & duwhegeaRspecithecdamer asdinf formalapi{Lonalhg oligometbeare

presence of a al yst cribed . pny_15. . Qf tacting
w |l usually sgggikég gggagggn%%g%adﬁﬁg¥gu8§ §eé§%3§8§ﬁfélgra§??hgﬁt, for
exanpl e, interdamers ofaffhminocappadki Agidr amideat Tcimexerand highesi bl e

contacting uni b1§gbmat8Pmbd) a158 BRNELEMelNe tenmperature in step (a) it
may be advant ageols to use coollnglgeV|ces, 20 faqr exaHEIe cooled walls or

a cooling spiral placed WRepndhe aldghvde; cREPAHPE. is S-formylvalergfg
above desqg begstati asmirtdugcene€nr-gapeblactamand-aiehocapebeeradidal 6es

for step (a) also_apply for__.. .S unl ess rw i gned.

Mor eover the 2§m188§58§99F0ﬁm699t%ﬁaa&§é8u§&r§agﬁ%gg %@éﬁﬂggg%bgained in
step (a) is byapisbempunoatedester| pandforwolhgomers asdbthencoaresppadangon
of jany of the g2EBRUIIG:I9N bECobraifby! YhestdpenhD #hePnilio1fRis bE
advant ageous because it results 1n a nore sinple groc ss. 30
The reacti on ptbguestesrarpug maisdlgptakpsi place ipoRyeEPt éB)r nWheBpthe) to

[err]-caprig achageapdel bmpotdRl 3sa6l-2Brmylvalbeidr 8818, aUfiiRture of e-
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6- am nocapr oat améabeapeabiG- agidoamidel andcpdssibly some oligomers will
be obtained in step (b). Starting from 5-formylvaleric
acid amide the main product will be 6-aminocaproic acid
20 amide and possibly some oligomers next to some &-
caprolactam.

By 'hydrogehating conditions’ is understood in
this invention that the reaction conditions are such that
the intermediate reaction product(s) obtained in step (a)

25 can be reduced by hydrogen. In general hydrogenation
conditions are achieved when hydrogen and a hydrogenation
catalyst are present.

The total pressure used in step (b) is generally
between 0.5 and 20 MPa. The pressure is preferably between

30 0.5-10 MPa and more preferably between 1.0-5.0 MPa.

Step (b) is in general carried out at a
temperature higher than 40°C. In general the temperature
will be lower than 200°C. To achieve optimal overall
yields to e—-caprolactam the temperature is more preferably

35 between 70 and 180°C and most preferably between 80 and
160°C. '

The residence or contact time in step (b) should

| be high enough to reduce virtually all the intermediate-
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e o eSS Used oSl O Eathbbae colftYER 8ud 82%uRe
of the metals choosen from the metals of groups 8-10 of
the Periodic System of the Elements (Handbook of Chemistry
and Physics, 70th edition, CRC Press, 1989-1990) for

15 example nickel, cobalt, ruthenium, platinum or palladium.

" Preference is given to Ru-, Ni- or Co-containing
catalysts. In addition to Ru, Co and/or Ni the catalysts
can also contain other metals for example Cu, Fe and/or
Cr. The content of these additional metals may be, for

20 example) up to  20% by weight based on the total metal
content. The catalytically active metals may be applied
onto a carrier or not. Suitable carriers are for example
aluminium oxide, silica, titanium oxide, zirconium oxide,
magnesium oxide and carbon. Non-carried metals can also be

25 used. An example of a non-carried metal is finely
dispersed ruthenium. Preferred Ni— and Co-containing
catalysts are Raney nickel and Raney cobalt optionally in.
combination with small amounts of another metal, for
example Cu, Fe and/or Cr. Most preferred are ruthenium

30 containing catalysts. High yields to eg—caprolactam over a
prolonged period of time are possible when using this
class of catalysts. Examples of possible ruthenium
catalysts are nonfcarried metals, for example finely
dispersed ruthenium or ruthenium on a carrier, for example

35 a carbon or alumina carrier. |

Step (b) may be performed cohtinuously in a
fixed bed reactor in which the heterogeneous hydrogenation
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(23R PGS JTRE P nyflogRabidiP Bt ailsh 2R Y sWBhOlt o
ot al t al cofit ent . e catal ytically actiive netals may
£5000 thec F@aicdii oy Migtursuiafiore stapy i(B)s bir EoropxampAsl e
using hydrocyclones and/or by filtration, for example by
cake- or cross—flow filtration. '

The catalyst concentration in step (b) may be
choosen between a wide range. In a fixed bed reactor the
amount of acfive metal per volume will be high while in a
slurry reactor this concentration will in general be
lower. In a continuously operated slurry reactor the
weight fraction of catalyst (including the carrier) is
typically between 0.1 and 30 weight % relative to the
total content of the reactor. The weight fraction will for
example depend on the use of a carrier and the kind of
carrier.

Ammonia, hydrogen, the hydrogenation catalyst
and the alkanocl (if present) are preferably separated from
the reaction mixture obtained in step (b) prior to step
(c). Hydrogen and part of the ammonia can be

advantageously be separated by reducing the pressure and

performing a gas/liquid separation. An example of such an
operation is a flash operation performed at between '
ambient pressure and 0.5 MPa. The hydrogen and ammonia can
advantageously be recycled to steps (a) and (b).

In a subsequent step the alkanol can be
separated. It haé been found that it is advantageous to

r
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Separating the alkanol may be performed by any
known method known to the man skilled in the art, for
example distillation or stripping, for example steam
stripping.

and/or Cr. 'Vbs]fp capr%{ &b Yyl ‘éta*%%!n“@t%% C(‘?:a hmt%% g?reg's%itci o?." %ss

20 Preferably the alcohol is removed by stripping
the aqueous mixture with steam. In a commercial large
scale process the stripping preferably involves the
continuous counter current contacting of the aqueous
starting mixture with upflowing steam in a vertical

25 positioned column, in which at the top a water/alcohol
stream and at the bottom an alcohol-poor aqueous product
stream is obtained. Steam stripping7is advantageous
because the alcohols can be removed very effectively and
because a convenient concentration of the g-caprolactam

30 precursors and e-caprolactam in resulting aqueous mixture
is obtained. In this process ammonia is also
quantitatively removed. The water /alcohol/ammonia thus
obtained can be advantageously recycled to step (a).

The steam stripping is preferably performed at a

35 pressure between ambient pressure and 1.0 MPa, and more
preferably under near atmospheric conditions. Near
atmospheric conditions are preferred because less
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AE 8163 M&rfior m t he cyclization step (c) in the pressence of |ess

than 1 wt%@nd nore prefmh@bltxé:dp@&ath&@ i% Istwp%(ef) 1s beklveeal 206hdagwhen

the resulting t re of ste contains a dva tageous
to separate thgbé l&ttﬁﬁbtﬁ@@ rP&Hﬁ& ﬁﬁageﬁﬁgeﬂrég eft®
al kanol duBlllogCt.helocrpclprmraMgr ¢imet ¢emplesatarentinostep t(he is

correspondi ng Bbah§¥lf%?ﬁrsbggkaqb %Qegﬂwggtegegéug%gﬁggor o The presence

of small quantltles 0 e N-al'kylat npl e N-net hyl
[ err] - caprol acsgkeciti viiitigs [t@rrs]-camolgsmam aélﬂamkéshtlgber overall

[err]-caprid ac,3gnlietd sLchpRlAalk®an’3® obtained. Temperatures exceeding
310°C are less preferred because of the increasing
formation of unwanted by-products.

The pressure in step (c) is preferably between
5.0 and 20 MPa. Normally this pressure will be greater

20 than or equal to the resulting pressure of the reaction
mixture and the'temperature employed.

Step (¢) can be performed continuously in
process equipment resulting in high and low rates of
backmixing, for example in a (optionally a series of)

25 continuousgly stirred tank reactor(s) (CSTR) or a tube
reactor.

The t—caprolactam can be separated from the
reaction mixture obtained in step (c) by for example
crystallization, extraction or by distillation. Examples

30 of possible extraction agents are methylene chloride,
cyclohexane, toluene, benzene, chloroform or trichloro-
ethane.

After separating the e-caprolactam from the
mixture obtained in step (c¢), the resulting mixture,

35 containing unconverted s—caprolactam precursors comprising
also some oligomers is preferably recirculated to step
(c). Preferably not all of the gs—caprolactam is separated
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15 In figure 1 a mixture of methyl 5-
formylvalerate/water /ammonia/methanol (1) is led to step
(a). Step (a) is performed in a tube reactor (A). The
resulting aqueous reaction mixture (2) is fed to step (b),
performed in a continuously stirred tank reactor (B). in
20 which a catalyst is present as a slurry. Hydrogen (3) is
continuously or intermittently fed to step (b) in which
the desired hydrogen partial pressure is maintained at a
constant value. From the aqueous reaction mixture obtained
in step (b) the slurry catalyst is separated by filtration
25 (not shown). Hydrogen and part of the ammonia are
separated from the mixture (4) by flashing in flasher (F).
Methanol and the residual ammonia are separated from (6)
in a steam stripper (S) in which steam is supplied to via
(8). The resulting mixture (9) is fed to step (c) togetﬁer
30 with recycle (14) and fresh water (15). Step (c) is
performed in a tube reactor (C). From (10) first water is
separated in distillation unit (Dl1). From the mixture
(12) es-caprolactam (13) is separated in a second
distillation unit (D2). The residue contains g—-caprolactam
35 + g—caprolactam precursors, comprising also some
oligomers. This mixture (14) is recirculated to step (c).
In the recirculating streams purges will be present (not
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the molar yield as expressed below:

~mol component x formed

20 vyield of component x = * 100%
mol M5FV converted

Example I
At a pressure of 5.0 MPa, 45 g/hr (312 mmol/hr)

25 of methyl 5-formylvalerate, 495 g/hr (27.5 mol/hr) of
water and 360 g/hr (21 mol/hr) of ammonia was pumped
through a tube which was cooled by a water bath so that a
constant temperature of 35°C was maintained in the tube.
Almost no back mixing occurred and the (liquid) residence

30 time was 15 seconds. The reaction mixture leaving the tube
did not contain any significant amount of methyl 5-
formylvalerate. The resulting mixture leaving the tube
(first step) was fed to a continuocusly stirred tank
reactor, a Hastelloy C autoclave of 1 liter liquid volume.

35 The reactor was stirred at 1250 rpm. The pressure was kept
constant at 5 MPa. The residence time was 60 minutes and
the temperature was kept at 100°C. To the reactor a net



"recircul ated t

fromth‘é m xture obtained in step (c) if the [err]-caprolactam S

separated by distillation. It has been found that the ol i goners are
nore easily handl ed when the distillation 5 residue mxed wth _
[err]-caprol actam preferably between 5 5 and 50 wt. % [err]-caprolactam By
performng step (c) in this way it has been found that al nost no

bui I d-up of /i efn%lut Qora%r S0 /e o Hydrddend vais¥ifeaS ThkeseBktoe @ad tha]g

t he overall [err]-caprol actam of the cyclizatiq

practical |y 108dkl §dp8’§§1'bl5é’ g ®f an unpromoie QéﬁﬁWeNdst&ﬁ%PBVé%)
erﬁood;I rrenttof t(lget F;:t %orxﬁmt atm‘rt'ﬂ m f%rammF oyl Evbﬁamél pah:elietle
according to e _invention is i e

process |gs a s&A&Rdt 70+ &o&@aﬁti (ﬁd ?‘ﬁ&"‘g ?@é?a};y %585%8 %gged in
t he bel ow exanpla¢®e of5 the effluent rwafs gwch thatnitheulevefl wét Ih)}'tle 3iquid
fornyl val er at e/yyatg) EL’EM&/% ‘EJ_Fh(aJt) '%Jn"s‘%atlﬁ ﬁe‘i ht. (a). Step (a)

S perforrred |n a tube reactor r esul ueous reaction

mxture (2) is fed to st &he 9L uentpé‘iafso@t?é&Yzﬁdabé’oﬁtligﬁu&Eﬂs?%ﬂ rred
Eg)nk react or (?)1qu'1@ l&:d&d&@ﬁp}% e(lmmctl l%éﬂ&{eQSetnhn@? 62 hohts! £ Hydr ogﬁn
i s cont i nuous i nter m.tten ed tq ste t he
desired hydr og@PSy érttﬁ‘%/\ ﬂt}@s§tﬁsé1]1t§ I‘?&I%ts “W@Jlgrteda in @ag&ﬁsw;n&%al ue.
From t he anmleoqsielenctafmerm@(tan& écolcuirsedf operatiomp welte tloaparable

catal yst is se%%rdag, qhtpﬁ r;?}ﬂg%'bteﬁ& 1&“%&:%@0%"5’*&9@&%@ sﬁ%ﬁt o?.f

t he ammoni a ar separa e mxtu shing in flashe
(F). Met hamsit hardd Sifenmydivalsr adrenwasa 1a()r()é’*hsepar ated from (6) in a
steam stripper (S) in which steamis supplied to via (8). The resulting
mxture (9) is fed to step (c) together 30 with recycle (14) and fresh
water - (15). St dpH s performed in a tube reactor (C). From(lO)
first water is Epa OT STTTT atT o Ot (oL . o Lne 1 xtorg

t

———Separare
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6—aminocaproic acid 23.9

present (not

methyl-6—-aminocaproate 0.4 0.0

|| g—-caprolactam 17.0 14.9

20 (1) Results in weight percentage.

As is clear from Table 1 high yields, up to a total of
100%, are obtained of g—caprolactam and e-caprolactam
25 precursors when using water as solvent.

Example II
Example I was repeated using 39.9 g/hr of methyl
5-formylvalerate, 184 g/hr ammonia and 644 g/hr of water.
30 The residence time in step (a) was 15 seconds and in step
(b) 60 minutes. The catalyst concentration was 60 g/liter
and the liquid level was kept constant maintaining a
liquid volume in the reactor of step (b) of 1 1.
After step (b) a gas/liquid separation at
35 reaction conditions the liquid reaction mixture thus



14 AE 8163 shown) to overcone possible build up of

contam nants and by- product s. The i nventi on w il be
elucidated with the fol |l owi ng non-restricting exanpl es.

The conposition of the resulting mxtures &P The exper i rré?t@léﬁe
soneti mes expressed in nol percentages. The nol ar percentage of a

f h |
St of convaPtaEash Cotial by no SEAEEINS HOLRNL I8s ORI 6 (o
that 10 speci§}@0 %o?%ﬁ%hﬁmlrbr Ex%mw’}é methamokbi ak 19 rgy/hmmammonia, 64NV6FV

is 100 nol andg)lﬂilﬁ ﬁ@EéH:IIDZJ snefyhlf esﬁémiﬁé E&Mcld, 1£7g mLage ol actam
and 25 nol (S then t MI on to %! caprol actamw | |
be 50 nol %an(r?l{'ﬁéocapr%?a?cb n?’f”r%%tl 'n t Y Phet $am4ye 50 nol %

(totaling 35 100 nol % .Théemehecivioyets stcdprsl bt samd e-present in

the mxture theg, ﬁp&i’&%aﬁré’éﬁféﬂé‘%‘? ﬂgpt{g) spg@?)a ar?po%‘:}?‘ mol ar yield

as expressed below % formed 20
yield of conmponent X  ----------omon * 100%

nol NMBFV convems le III Exanpl e | At a pressure of 5.0 Mra,
45 g/ hr (312 mmI/Jﬁ ) 2 of th{l 5-fornyl val erat e, 495 g/hr (27.5
nol / hr) of wat er anoE’S%‘EP (%S FRReRYed rusing @& g/ humathyl

t hr ough al®ubes-vivmiy Wwesl erot e 2)9'9 ag et ieraned i & aridaf0 72 g/hr GRITE@Nt
m X g obcur red and {he Aroey e skl dul Sipenati ton, <% TRRGHRR The
reaction m xt fRdidslons) the Iimeid strpam rad ddve dfiollowing gni fi cant
amount of net fedmposition: 8.5 g/hr methanol, 275 g/hr ammonia, 410 g/hr

water, 8.7 g/hr 6-aminocaproic acid, 20.7 g/hr 6- |

15 aminocaproic acid amide and 4.8 g/hr e-caprolactam,
The conversion of methyl 5-formylvalerate ester
was 100% and the select1v1ty of step (a) and (b) was
99,7%.

20 Example II and III illustrate the influence of
the ammonia-water molar ratio on the selectivity to &-
caprolactam and eg-caprolactam precursors.

Example IV-V

25 Example II was repeated at 2 MPa, with a
catalyst concentration of 50 g/1 with different feed
compositions. The results are in Table 2:

TABLE 2:
30
=*
Example MSFV NH, H,0 Selectivity
nr. g/h g/h g/h %
Iv 42.6 93.3 770 93.4 "
v 40.4 173.6 639 97.5

35



fornylvélerate. The resulting mxture |eaving the tube (first step) was
fed to a continuously stirred tank reactor, a Hastell oy C autoclave of
1 liter liquid volume. 35 The reactor was,stirred at 1250 rpp é%ﬁ?
pressure was kept constant at 5 Mra. e T esi dence tine was m nut es
and the tenperature was kept at 100[err]C. To the reactor a net

-15 - 1A 1 § anmount of 10 g/ hr of hydrogen was fed.
The reactor Xam ' ith 50 g of an unpronoted Rane htcgel cat al yst
(93 wt. % nickel and 7 mﬁEmauP&#iﬁ@nwaﬁvéﬁaeétﬁﬁrPFcﬁéffereéFz YAEQaPth f r om

Activated Metals QQﬁPégywﬁéﬁogohhtai 8t Bohabateatiba 6ffb0egylvatheuch
that the |evel OF the [iquid I n e reactor was kept at a constant

h

- hei ght . results zge dpf FabAe das anal yzed by Hi gh Pressure Li qui d

Chr omat ogr aphy (HPLC) after 3 and 6 hours of operation. The results are
summari zed I n Tablg é} The 10 vyields after 3 and 6 hours of operation were
conpar abl e I =t'hin their respective error range. The conversion of
met hyl 5-fornylval erate was 100% TABLE 1 15
3 hours : e e s e o FETaTree R oo v ir— 9. 8
6-aninocaproic‘q§akp1e Pressdré selectivity
gngyl 6-am noffaproat e 0.4 g}h() g/h [ery]-caprol acta

10

15

Examples I-IX illustrate that high selectivities

and yields to_s—caprolactam and g—caprolactam precursors
can be achieved by varying for example the hydrogen
20 pressure or the water—ammonia ratio.

Example X
Example I was repeated for 50 hours at a

pressure of 3 MPa, in which 81.7 g/hr of MSFV, 203 g/hr

25 ammonia and 526 g/hr water was pumped through the tube at
a temperature of 35°C. Almost no back-mixing ocurred in
the tube and the liquid residence time in the tube was 15
seconds. The reaction mixture leaving the tube contained
no M5FV.

30 The mixture leaving the tube was fed to the
continuously stirred tank reactor (CSTR) in which a liquid
hold-up of 1 liter of liquid was maintained. The catalyst:
in the CSTR was a 5wt% ruthenium on Al,0; catalyst
(Engelhard: ESCAT 44) and the catalyst concentration was

35 maintained at 103 g/1. The CSTR was stirred at 1260 rpm.
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20 n(l)'ResuIts I n wei ght pefcentage. As is clear from Table 1 high

yields, up to a total of 100% are obtained of [err]-caprolactankind
[err]-caprolactam 25 precursors when using water as solvent. anpl e
[ Exanple | was repeated ug'18ng 39.9 g/ hr of nﬁ:kﬁﬂw

5-fornylval erate, 184 g/ hr ammonia and 644 g/ hr of water. 30 The residence

ti ' t cqnd Nkl p : I put gs h
catal yot concorreart onouse apEpelestR Gh8lkept, EBhoRIn! RY Shwed Spa
constant nai nt PRI f§MReraturpqatd1¢8°GreThe rreidencectime wasp60b) of 1 1.

- After step (b)mangaesl.i ®¢i €necpanatbeNadhedSambatt bEN5CHNGIAE OgE the

o liquid reactioH-gixture thu? . - 16-
AE 8163 ¥BEQPRBIYABNE8Aned no starting methyl 5-formylval erate

(100% convérsion), 7.2 grhermetlianeht »F0thehCSBRIWALaanély¥zed by GHPLCWat er,

: h - an ' I d 2 iz ap.no oiLc . acid amde, 4.3
12,6 0/ ©- 21,06 gPAOkEufS. dmnd2cBhbbfison or FACHERLOARY LA BFhCT, &
and E- caprbYasignificantiyr Jupingt bhe(59 hoyubs ofisopérd®bion. The

Exanple 111 average compoE%@ﬁBheof!tﬁ@seffﬂﬁéhfdiﬂséﬂg P8st¢ 94 MhodELNY!
10 5-fornyl val er at r ,amoni a_and 407 hr wat er .

299 g _/ hr . . p .
After the gas/V?ﬁugﬁ Qegﬁrﬁf?ﬂﬁnHFapéaéFiBﬁld (gAEBhdi470%sm?h% $+qui d
stream had & heahbhboapngic acid amide (6ACAM), 24.2 mol% e-caprolactam

(CAP), 0.6 mol% methyl 6—aminocaproate (M6AC). No
detectable amount of N-methyl caprolactam was present in
this mixture. Thus a 100 mol% yield to e-caprolactam and
e—caprolactam precursors is obtained in step 1 and 2.
15
Example XTI
Example X was repeated for 22 hours, in which
the water feed was replaced by a mixture of water and
methanol (15 wt% méthanol). The feed rate of this mixture
20 was 511 g/hr. Almost no back-mixing ocurred in the tube
and the liquid residence time in the tube was 15 seconds.
The reaction mixture 1eaving the tube contained
practically no methyl-5-formylvalerate.
The catalyst concentration in the CSTR was 96.0
25 g/1.
' The composition of the effluent did not vary
significantly duiing the 22 hours of operation. The
average composition of all the products formed in the last
12 hours was 22.5 mol% 6ACA, 48.0 mol% 6ACAM, 27.4 mol% g—
30 caprolactam, 2.1 mol% methyl 6-aminocaproate. No
detectable amount of N-methyl caprolactam was present in
this mixture. Thus a 100 mol% yield to g-caprolactam and
g-caprolactam precursors is obtained in step 1 and 2 when
methanol is present in the feed to step 1.
35

Example XII
Example XI was repeated for 34 hours at a



conposifion: 8.5 g/ hr nethanol, 275 g/hr anmoni a,- 410 g/ hr “water, 8.7
g/ hr 6-am nocaproic acid, 20.7 g/hr 6- 15 am nocaproic acid am de and 4.8

/hr [err]-caprol actam The conversion of methyl
g?fornylvalerate ester was 100% and thet electivity of st%% ?%§3and (b)
was 99. 7% 20 Exanple Il and Il illustrate the influence
of the anppaisautel ¢ MOMPa," 3 Ynddn! 18459 AGt LY Iniéth?l[-ﬁr—r] -
caprol actam an %err%;caprolactan1precursorsu Exang e V-V 25
Exanpl e |1 wastPEPEIvadezate \@BQ5 @/hg ammonia,endy 489cg/BEnOEathen of 50

g/l wth diffelewts-med hanolymapesi hii&m&.relgasr Qﬁbhbha @hfoo'hahTehéetﬁbe
. TABLE 2: 30 I MoEV. o rrloO. .
' Selectivity at angé%g%r%turegpﬁ 35°c¢C. &Ewost no Bpkﬁ mixing ocurred, in
' 42.6 593the tubg7@nd the d3g4id residence time wad018 second#3. Ghe

aEees 5E§§%|igr\/f“-if‘§ure leaving the_fube, 8°PFa\%/’é‘§drlé8eﬂFEBYét'5‘
di fferent hydr §gEmylvalerate. |

The catalyst concentration in the CSTR was 209
g/1 and the net hydrogen feed to the CSTR was 10 g/h. The

10 temperature and pressure were the same as in Examples X
and XI. The residence time was 60 minutes.

The composition of the effluent did not vary
significantly during the 34 hours of operation. The
composition of all the products present in the effluent of

15 the CSTR after 34 hours was 19.6 mol% 6ACA, 36.9 mol%
6ACAM, 31.5 mol% t-caprolactam, 2.4 mol% methyl 6-
aminocaproate and 9.6 mol% oligomers. Most of the
oligomers (about 90 wt% of the oligomers) were dimers of
either 6ACA or 6ACAM. No N-methyl caprolactam was detected

20 in this mixture. The yield to e-caprolactam and g-
caprolactam precursors is 90.4 mol%. If all of the
oligomers contribute to the final e¢-caprolactam vield
(after the cyclization step (c)) the yield of step (a) and
(b) is practically 100 mol%.

25 This example illustrates that a high selectivity
to e—caprolactam and s—caprolactam precursors is possible
at a relatively high initial substrate concentration of
19.3 wt% MSFV. '

30 Example XIII
Example XI was repeated for 22 hours at a

pressure of 3 MPa, in which 192 g/hr of M5FV, 237 g/hr
ammonia and 357 g/hr of the 15 wt%-methanol/water mixture
was pumped through the tube at a temperature of 35°C.
35 Almost no back-mixing ocurred in the tube and the liquid
residence time was 15 seconds. The reaction mixture
" leaving the tube contained no MSFV.



pressures with a catal yst concentration of 50 g/l. The results are in

Table 3. 5 TABLE 3: - Exanple Pressure NMFV  NH3 Herr]O
selectivity nr. MPa g/ h g/ h g/h 10 ;v

1.6 42,3 92,5 766 . 944 ~ 20w 2.0 M 06
gg.g 770IX 93. 4 VI 3.0 42. 4 93.8 761 -

43
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pressure of 3 mRd, Xln WWﬁCHG§IdPn§FhF18? na? 25 anwoﬁla and 526

g/ hr water gas punped thmhl&mr@n@mng theaCSERpUnat mixedr witheld
g ettfcC.
Ll n e & s Nindk ater” agtbs ynidy s} BB Ges 24atoneaRICC

e react t
fontﬁ'ned &mmﬂdﬂ?dpﬁﬂhsure in a frﬁﬁp,qggg@kg%mg;&wﬁggphg%ﬁ'nglagg ;gge
0 the - conti,nyo
hol d-up of 1 | Me&Y ALt "é?«% | qw J%f&&k HHRAGIAsH %'Bi)atlmmﬂamhpad\m@mdd

was mai ntai ned. .The ca
was a 5wt % rut mmmmmlm-ar%q compo %rftf ﬁﬁ%g&}ufﬁ an EﬁZR
catal yst cppcenidiatys£yy Wignificantly during the 22 hours of operation.

The composition of all the products present in the
effluent of the CSTR at 22 hours was 14 mol% 6ACA, 40 mol%
6ACAM, 34 mol% e-caprolactam, 0 mol% methyl 6-
aminocaproate and 12 mol% oligomers. Most of the oligomers

15 (about 88 wt% of the oligomers) were dimers of either 6ACA
or 6ACAM. No detectable amounts of N-methyl caprolactam
ware present in this mixture. The yield to e—caprolactam
and es-caprolactam precursors is 88 %. If all of the
oligomers contribute to the overal eg—-caprolactam yield,

20 then the yield of the combined step (a) and (b) is 100
mol%.

. This example illustrates that a 100 % yield to

g-caprolactam and eg-caprolactam precursors is possible at
a relatively high initial substrate concentration of 24.4

25 wt% MSFV. '

Example XIV
The effluent of Example XII was during 34 hours

continuously flashed at 0.11 MPa. Also 100 gr/hr H,O0 was

30 continuously fed to this flasher to provide additional
cooling. The resulting liquid stream, after flashing, had
a rate of 612 gr/hr and contained 4.8 wt% NH;, 6.5 wt%
methanol, 66.0 wt%s H,0 and a total of 21.7 wt% of &-
caprolactam and g—caprolactam precursors (1.07 mol/hr).

35 After 34 hours 20.8 kg (36.4 mol g—caprolactam or &-
caprolactam precursors) of this mixture was collected.

The collected mixture was subsequently



35 nmui-ntained at 103 g/l. The CSTR was stirred at 1260 rpm
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From the bottom stream of the first éﬁsfif*gtion 2515 gr

15 g-caprolactam (22.26 mol) and 234 gr N-methyl caprolactam
(1.84 mol) were recovered by a secohd vacuum distillation.
iIn the second distillation 1464 gr residue (bottom
product) was obtained, which according to the mass-—balance
contained 12.3 moi equivalent monomeric products. Analysis

20 of the residue showed that CAP, 6ACA, 6ACAM and oligomers
were present. ' _

This residue together with fresh water was fed
continuously to the same cyclization reactor as described
above. The rate of the residue was 100 gr/hr and the rate

25 of the fresh water was 400 gr/hr. Cyclization of the
residue was carried out at 300°C, 10 MPa and at a
residence time of approximately 30 minutes. After cooling
and depressurizing of the effluent of the cyclization

. reactor the average composition of all the products

30 present in the liquid aqueous stream amounted to 71.7 mol%
g-caprolactam, 10.9 mol% of 6ACA and 6ACAM and 17.4 mol%
oligomers. No detectable amounts of N?methyl caprolactam
were present in the product mixture.

With two vacuum distillations as described above

35 924 gr t—caprolactam (8.18 mol) was recovered from the
liquid aqueous stream. Also 489 gr of residue was obtained

in the second distillation, which according to the mass-



det ect abl e amount of N-met hyl caprol act am was [ [ '
! _ present in this m xture.
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15 caprolactam and/or g—caprolactam precursors.

Thus after 2 times recycle of the distillation
residue an overall caprolactam yield of 91.2 mol% had been
achieved based on the initial amount of M5FV. In the first
cyclization pass where still some methanol was present 5.1

20 mol% of the unwanted by-product N-methyl caprolactam was
formed. The approximated caprolactam yield per pass was
61.2% in the first pass, 66.5% in the second pass (first
recycle of distillation residue) and 66.4% in the third
pass (second recycle of distillation residue). Thus it was

25 proven that after distillative caprolactam recovery the
remaining distillation residue can successfully be
recycled to the cyclization reactor resulting in a high

nol % contain according to the mass—balance

overall caprolactam yield.

30 Example XV
The resulting effluent of Example XIII was

continuously fed for 22 hours to the top of a
steamstripper column at a rate of approx 550 gr/hr. Steam
was generated in a reboiler of the column. To the column
35 also 350 gr/hr of fresh water was fed. In the
steamstripper column the liquid product stream was thus
contacted with an upflowing stream of steam. The bottom
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300°C. The cyclization was carried out at 300°C, 10 MPa

15 and at a residence time of approximately 30 minutes. After
cooling and depressur1z1ng the average composition of all
the products present in the liquid agueous stream amounted
to 70.5 mol% &-caprolactam, 10.8 mol% 6ACA(M) and 18.7
mol% oligomers. No N-methyl caprolactam was detected in

20 this mixture.

In two consecutive semicontinuous distillation
as described in Example XIV first water was removed from
the product stream and secondly 2164 gr caprolactam (19.15
mol) was recovered from the product stream. The residue of

25 the second distillation amounted to 1205 gr and according
to the mass balance should contain a total of 10.13 mol of
g-caprolactam and g-caprolactam precursors. The
caprolactam yield in the first pass through the
cyclization reactor was thus 65.4 mol%.

30 Comparison of this Example with Example XIV
jllustrate that by removing the methanol prior to
performing the cyclization step the formation of N-methyl
caprolactam can be avoided. Furthermore a higher yield to
g—caprolactam can be obtained for the illustrated

35 situation, comprising a ones through cyclization and a
subsequent second cyclization performed on the residue of
the distillation after the first cyclization.
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[ abhi g had o o o T S ki, 6.5 e %

: arate o r/ hr.and contai ned 4. , 6.5 w
net hanol , 66. G‘%’%W%ﬁ’}%%ﬁnﬁlé”%ﬁt&o HPszf%L‘\kP%%FiP’eFPF-% a’ two ’
ggpgolkacE gg\ argi-,dlia Qagud tainten nanpi esch ircxn rssetli Y am|dewor.ibe’b inAFExampd4 hour s

: g .4 ergd - 0 lezs Capr. UlS0r S
of this m xt w)go v%k{se c%#?vgg%ataé. a&é%é}fm{ﬁ& wuhl’hleglc'(aﬁolggc@gé%n?ﬁ E((rié 3\%./5;3 :
subsequent |y mol/hr). -21- AE

8163 continuously figdl Py JdAANPEHELTHMN s ot iuudlGo0
gr/hr and at a terﬁ)erature of 300[:3{{){%&.

out in a plugfiiAsied@torO ¢t HRa- okt e%'cﬁgtl) I&Z%t Iwg‘(g \g%sggﬁgpgﬁ%ﬂ(l o

t enper at un.fe %fei\:’c/ﬁ%ﬁ;%ﬂ& e £k a0 e tm tgr didd addsiet iafnadn andl ibzg.h%']ﬁea

Peaving the  Produdy indeiuiol 7t 6 gl o Mgy dreali®, 01O

anbi ent condi t(appxoThe 3 egmfr torpraistedh of I lgnflr methanaductZd present

et oyt | oy A BBSAEED 90161 e (0 n IR /AChodick e

which 14.2 mol% 6ACA, 39.9 mol% 6ACAM, 33.9 mol% CAP and

15 12.0 mol% oligomers.

This mixture was .continuously fed to a
steamstripper column as described in Example XV. Also 350
gr/hr H,0 is fed to the steamstripper column (bottom
temperature is maintained at approximately 100°C). The

20 remaining aqueous bottom stream having a rate of 742 gr/hr
contained a total of 22.1 wt% of &-caprolactam and &- |
caprolactam precursors (1.33 mol/hr).

This mixture was continuously fed to a
cyclization reactor as first described in Example XIV.

25 Also 85 gr/hr (approx 0.715 mol/hr) of a recycle
distillation residue (see below) and 314 gr/hr H,0 were
fed to the cyclization reactor. Thus overall 1141 gr/hr
product mixture (21.8 wt% products) was fed to the
cyclization reactor (249 gr/hr e-caprolactam and &-

30 caprolactam precursors and 892 gr/hr H,0).

The cyclization was carried out at 300°C, 10 MPa
and at a residence time of approximately 30 minutes. After
cooling and depressurizing, the effluent of the
cyclization reactor was analyzed. The mixture consisted of

35 70.5 mol% eg—caprolactam, 10.8 mol% 6ACA(M) and 18.7 mol%
oligomers.

This cyclization mixture was continuously fed to



BAGA, 7.2 nol % 6ACAM and 18. 2 nol % ol i goners. By vacuum
distillation Herr]O NH err] and nethanol were sem conti nuously
renmoved fromthis |liquid aqueous m xture, _Fromthe bottom_stream of the
first distillation 2515 gr 15 [err]-capr oFgct am (22.26 nol) %&15%4 ar

N- net hyl caprol act am (1.84 nol) were recovered by a second vacuum

distillation. 2 conéébﬁbﬂvée@é’é%rﬂéféiiiﬂﬁﬁ%h Mﬂ% e (m&-{)g} ned

product) was obtfé\i ned,. whi ch according to t nce con

12.3 mol equi VETEHIR iR R EeRY otfiaQ)s vag) epgvedao Frem the sesioade showed

that CAP, 6ACA0BARAM-tcabd]lfotet Svas red®Vérdd &€ -rate of 150 gr/hr!Ni s
resi due toget h@f.‘é’!%ﬁbi}dﬁéﬁ wat er was fed continuously to the sane
cyclization reactor as ‘descrti bed above. The rate of the residue was
100 gr/hr &nd the rate ZBhe dlisthil ¥ateion weeidumobtimd s thelbaagidmon of

t he resi dyg r{p ta 309 and at a
resi dence tine oféﬁpﬁgxgﬁnisseﬁa%% dm nutlgfs%di%x% é&%&lﬁfd’g and
depr essuri zi nGRAT PHdakglyentteffal rf B3y adlofhr e-capgadfamtanhaml e-age

conposi tion ofcaydoldut 4 qskisdr s¥k s vafass?rﬂoﬂﬂddlﬁléliﬂlﬂ&fﬁg%‘{% A

amounted to 7 nol %. err]-caprolactam 10.9 nol % o an
and 17.4 rml%]cgdlzoqtllgo&rerrésa.cqéf oépetfcta%ﬂ"@)arﬁinﬁ Iafe REddn\@r /Adpr ol act am
were presdft in the prodiluts mithuwadly a 100% caproladitiain piR1\@EOHId be
distillations gstadesdd 1 Qflﬂi‘é }ﬁnﬁu sLerrl-.capr.ol act (8.18 nol)
was recovered fromthe % g qwn qqsugc?fﬂas}&'rsttlrvgear?\]mﬂ%g&o&g of residue
was obt ai ned ¢¥clizatign REQARP LiIURING & isheamstirdippeac diodiregove t he mass-
-22- methanAF bt e the 313 VWG ‘Hirmr@c'}c‘/i-ilib_m';'fl the
e

caprol actam araci/s i11at 158 rol act am tecur sors. . resi due
and fresh wat & Skdd 1ok rfﬁsrﬁ?tdl?sla\%r el LeSFovMeL igrPadc otz &heo®—r eact or as
descri bedl@boeaprtlactam.

The above results were obtained 3 hours after

the continuous process stabilized.



5 wrate of the residue was 100 gr/hr and the rate of the fresh water
was 400 gr/hr. Cyclization and distillation of the products was carried
out as fornerly described. The conposi,tion of all the products present
i'n the aqueous effluent of the cycliz&%on was again 71.3E BRA@3 [err] -
10 caprolactam 10.9 nol % 6ACA and 6ACAM and 17. 4% ol i goners. Agai n no

N-net hyl caprolactam was detected. Afgef, a 1 gi§tillation 309 gr
[err]-caprolactam (2.73 nol) was recove — The distillation residue
(165 gr) should contain according to the nass-balance 1.38 nmol [err]-
15 caprol actam anHtoceger Epbrcaheopaepabhpi8AUHEOEScaprolactam tartiﬂ&s
after 2 tines recyg%g OE-EQ§ ehstgllagion id resi due an pveral?

caprol actam yi el d of “91°2 Hol¥ RA4®hBER 2C1ds RPESEOhRBIASn(2}dehyde| o
amount of SVBFV. | ncompotnd3t in whighl azreacthipassnwike epséédhcs0HE Net hanol
was present 5.1 20 %0 h e = hy] . capr ol act am

P R L4900 O dYa LIl L1 600 En

was formed. The approxi mat prolactamyrie 61. 2%

in the first pass,tB®. 5SafhieRcprEaduntsphbus (formed (&e-caprgldctari—

distillation resi dpe¢cangops)4boi s-taprblaéfam is HESH {ﬁ{ﬁOﬂgl§ﬁ§ycle of
Istilla

(o}
roven {hat after ive

distillation resid Thus Lt s 25 F
caprolactan1recove$§g§ﬁ%ce of V%ﬁ%fhiﬁﬁgﬂ?gY?¥*%ﬁ¢ohnr%%?ﬁu%h%an
successf 30y be follewingestepstarecyetfammedn reactor resulting in a

eSul ting of 1l uent (ol Exouehat 14 fhn s Fordy Tl Gl e 1 assenomonr s

to the top of a stamhee rvppleranménim and avater widepmane 550 gr/ hr.
St eam was gener at egh dfoder£PPOM Sfodi i olum. To the colum 35
al so 350 gr/hr of resﬁgﬁatéﬁemas fed.olrﬁt{E?§' steanstri pper colum the

liquid product str&m &tacking the sl cnginicture i @tien @)X eam of

steam Th& bottom with hydrogen in the presence of ammonia under
hydrogenation conditions,'in which the water
content is higher than 10 wt.%,
(c) heating the resulting mixture of step (b) at a
temperature between 200 and 350°C in order to
20 convert the reaction products of step (b) to &-
caprolactam.
2. Process according to claim 1, characterized in that
the temperature in step (a) is between 20 and 100¢°cC.
3. Process according to any one of claims 1i-2,
25 characterized in that the molar ratio of ammonia:or
aldehyde compound or aldehyde compound pius reaction
products is between 3:1 and 25:1.
4, Process according to any one of claims 1-3,
characterized in that the content of the aldehyde
30 compound and/or its products in step (a) and step (b)
is between 10 and 35 wt.%
5. Process according to any one of claims 1-4,
characterized in that the water content in the

reaction mixture in step (a) and (b) is between 15-60
35 wt.%.
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-23- ¢ AE 8163 tenperature in the colum was kept at -
100[err]C. The liquid bottom stream which left the steanstripper at a
rate of . 742 gr/hr did not contain any detectable anount 16 nmet hanol
and NH3. The concentration of [err]-caproldctamand 5 [err]* Jbro?actan1
precursors in the liquid bottom stream was 22.1 wt%in water (1.33

mol /hr). After. 22 hours 16.3 k Qi ' r ceolkect ed
containing a fot al 5P°f§§289%§%d¥hg §P F%%ffg%gggo %%?gﬁlgns' L. )
[err]-caprol act am phagacserdzed inthat thepbxdrogenatdPpacaRdifiong: ip

[err]-caprol act am apd, 2. & yMa%el Qo Hildv@dyS per forming step (b}hia kheuid
m xture was fed continuously to

to the cyclization reactor as.{ir
described i n ExanplbZegepcg of a hm@£99%§ﬁt&ﬁ5%SQFﬁaﬁéﬁyceﬁBrd§ﬁhP gn a
tenperaturg of o 0@crd |62 tHee mutallisz athomsem € roar Grewupo§t-18t o$08herr| C,

10 MPa 15 and at residen i e Ijately 30 m nutes. After
cool ing and depresgtﬁri’ﬂ‘ﬂé: ftzﬁ%ro%eﬁﬁ%g&r?pq%ﬁi on of all t he products

present in the.iqEmcpeacscatdigontansiaiod 6, chagartes iged,in that a
[err]-caprol actam luds SAGA M ) hyld chenat 15 Yatllgwteris. ubed.

N- net hyl caprolact§#8ﬁ§¥ﬂ§£tecte _ﬁr%éy; #ﬁ%é@lﬁ ur.e., _ I n
two consecuti e seBIRRIHARROLAING 140, 3Mh one oL, LIS iI5dy i n Exanpl e

XV firstygater wasgHAERMasE f4ednin thdthe iy crbagerstturamiand tegc (rodl \is2164
gr caprolactam (19.15° ) r vered fromthe product stream The
resi due of 25 the REIIARP ﬁr\@ts%locﬁ Ea‘m)unt ed to 1205 gr and according

to the mass baancerduedg amedrding angt anefofl 3 lecing|1-d,
Ler ] -caprol actam ail [ £1{d; £ARE o2 AR RIS W ing Mompound A @ actam
rough the

yield in the first pass cyclization reactor was .thus 65.4
ml % 30 formyinakerale Asten viEhihe RLIPEIgAeneka}
illustrategthat by gemmyidg the nmethanol prior to perform ng the
cyclization step the formati on of N nethyl caprol actam can be avoi ded.
Furthernore a higher yield to [err]-caprol actam can be obtained for
the illustrated 35 sitmeat+(00H,)GeMpO-RINg a ones through cyclization and a
subsequent second cycli zat] on perf-drmed on the residue of t he
distillation after the fir@t cycli ®ation.

20
in which R* is a 1 to 20 carbon atom alkyl group.

10. Process according to claim'9, characterized in that
in the starting mixture of step (a) also the
corresponding alkanol according to R1-OH is present.

25 11. Process according to claim 9 or 10, characterized in
that the content of the alkanol in step (c) is less
than 1 wt%.

12. Process according to any one of claims 1-11,
characterized in that e-caprolactam is separated from

30 the mixture obtained in step (c) and that the
remaining mixture comprising unconverted e-
caprolactam precursors is recycled to step (c).

13. Process according to any one of claims 1-12,

characterized in that the content of e-caprolactam
35 and s—caprolactam'precursors in step (c¢) is between
10 and 35 wt%.

Ly



-24- AE 8163 Exanpl e XVI Exanpl e X was
repeated with a feed having a conposition of 24.4 wt% MbFV, 30.2 wt %
NH3, 6.8 w % met hanol and 38.6 vvt%Hle%%]_O was conti nuou %yeiggl to a
two 5 step reductive am nation section as scribed in Examﬁ§ X. The
flowrate corresponded with 191.6 gr/hr MFV (1.33 mol / hr).

The m xture I gavin : i . Al so
114 gr/hr H erq'r o) %gts&%os%?igﬁl?ous 13‘%23% l%g%/&?é F&éziégggﬁgr&etgo&%r %@;?Se
addi ti onal cool i ngthheontenyy efuE—cepredgictiosn apd theapsodrritam | i quid
stream (appr oX pra2d rdory )i £ aidties t¥dn0f1 53%tg8/,hr net hanol, 25 gr/ hr
anmoni a, 330 hr Herr] O and 164 gr/hr products of which 14.2 nol %
6ACA, 39.9 nolo 6ARARMCCSE GRS IAIAMP teh@1Y5 OP2 9L SLeiBS doddrs.

This nmixtse was cehbaracteslipededn ¢hat theshmmobiti pRAtendlk i oS in
-described in Exarrpls%e}é)/. CA)J 3% %%qow Q{/.HJ_ Herr]Ois fed to the _
steanstri pper col um tt'om tenperat’ur'e i s mai ntai ned at approxi mately
100[err]C). The 20 rermai ni ng agueous bottom stream having a rate of 742

gr/ hr contained a total of 22.1 w % of E-caprolactam and E-

caprol actam precursors (1.33 nol/hr). This m xture was
continuously fed to a cyclization reactor as first described in Exanple
XIV. 25 Also 85 gr/hr (approx 0.715 nol/hr) of a recycle distillation
resi due (see below) and 314 gr/hr Herr] O were fed to the cyclization
reactor. Thus overall 1141 gr/hr product m xture (21.8 wt % products)
was fed to the cyclization reactor (249 gr/hr [err]-caprol actam and
[err]- 30 caprolactam precursors and 892 gr/hr Herr]O. The
cyclization was carried out at 300[err]C, 10 MPa and at a residence
time of approximately 30 m nutes. After

Y e
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coollﬁb and depressurizing, the effluent of the cyclization reactor was
anal yzed. The mixture consisted of-35 70.5 nmol % [err]-caprolactam 10.8

nol % 6ACA(M and 18.7 nol % ollgoners Thi s cycllzatlon
m xture was conti nuouspyode8d ROR THE PREPARATION OF g;CAPROLACTAM .

AE 8163 2 consecutive vacuundistill -nqsswﬂHMHKSBEEN
the first colum the solvent (I @1 @ Rvas @ @oved. Fﬁim t hREBILROER
colum [err]-caprol actam was'recovered at a rate of 150 gr M= 33
mol /hr). 5 . The distillation residue obtained as the bottom
streamin the second distillation (contalnlng - approximately a total of

0.715 nol /hr [err]- Capr?ﬁé% 9 cﬁ;é] re ar PR GEL AR B ESIE SOAR) Was

continuously recycled t reactor (see above) at a rate
of 85 gr/hg. X¥karting from 5?£QINY1YQk#¥®t%.QQE@@c%ﬁY%ﬁaﬁﬁaﬁT ®1d could.

be - obtainedjdp 6xﬁis&k§d)"eﬂh10%hi/@haa1 f\@&wnoﬁnﬂn the cycésante oof
process usi ng a ste tl’l

et han C ation
and by recycl iafgueria qnd hY@E%Q?PI%?&o% PURFAGRS ?t 1@%%5%$ﬁn§¥pg? of
the [err]- 15 r &H6¥ PbRCHAGAucts thus formed The-adprelactaitprecuesonsii ned

?deurs after to'stggkf tIgugufspﬁgfggfméaaPhltﬁgdpresence of water,

10 - wherein that the following steps are performed
(a) contacting the 5—formy1va1erate acid, ester or amide
with ammonia and water under non-hydrogenation

~ conditiomns,
(b) contacting the resultlng mixture of step (a) with
15 hydrogen in the presence of ammonia under

hydrogenation conditions, in which the water content
is higher than 10 wt.%,
(c) heating the resulting mixture of step (b) at a _
temperature between 200 and 350°C in order to convert
20 the reaction products of step (b) to g-caprolactam.
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CkLAI MS 1. Process for the preparation of [err]-caprol actam

starting from5-fornylval erate acid, ester or anlde (aldehyde
conpound) in which a reaction in the presence of
“hydrogen and a subsequent cyclization of :tihhe rg e
‘thus fornmed ([err]-caprol actam precursors) tol
is perfornmed in the presence of water, charact ¢ izes
10 - foll ow ng steps are perforned (a) contactlng the
5-fornylvalerate acid, ester or ~amde with anmoni a and wat er
under non- hydr ogenati on conditions, (b)
contacting the resulting m xture of step (a) 15 wth hydrogen in
t he presence of ammoni a under hydr ogenati on conditions, in
whi ch the water content is higher than 10 wt. %
(c) heating the resulting mxture of step (b) at a
t enperature between 200 and 350[err]Cin order to 20 - convert
the reaction products of step (b) to [err]- caprol actam
2. Process according to claim1l1, characterized in that t he
tenperature in step (a) is between 20 and 100[err] C. - 3. Process
according to any one of clains 1-2, 25 characterized in that the
nol ar ratio of amoni a: or al dehyde conpound or al dehyde conpound
pl us reaction products is between 3:1 and 25:1. 4. Process
according to any one of clains 1-3, characterized in that the
content of the al dehyde 30 conpound and/or its products in step (a)
and step (b) i s2betwegn 10 argl 35 wt. % 5. Process accordi ng
to any one of clains 1-¢; chapacterized in that the water content
in the 1 reactiop mgturg in step (a)gand (b) is between 15-60 35
w . % , 4
‘EF' 6 11
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-27- - AE 8163 6. 'Process according to any one of clains
1-5, characterized in that the hydrogenation conditions in
step. (b) are achi eved by performng step (b) in the imla
hydr ogenati on catal yst conprising one 5 or nnre<3RERLAQEMEmT ﬁg;en
from Goup 8-10 of The Periodic System of El engenfs.
Process according to claim®6, characterized in that a 15rumﬁﬁ96|Lm
cont ai ni ng hydrogenation catal yst is_dsed. 8. Procgss according tdq gny
one of clainms 1-7, 10 characterized in that the tenperature I n steg
(c) is bet ween 285 and 310[err] C 9. Prockss.according any
one of clains 1-8, characterized in that the starting conpound is
a 5- formyl val erate ester with the followi ng general 15
formul a [err] 20 in which Rerr] is alto 20 carbon atom
. al kyl group. 10. Process according to claim9, characterized in that
in the starting mxture of step (a) al so the correspondi ng al kanol
according to Rlerr]-OHis present. 25 11. Process agcording to claim9 or
10, characterized in that the content of the al kanol in step (c)
is |less than 1 w % 12. Process according to any one of clains
1-11, characterized in that [err]-caprolactamis separated from 30
the m xture obtained in step (c) and that the remai ni ng m xture
conpri sing unconvedEk&EEEuil- caprol actam precursors is recycled
to step (c). 13. Process according to any one of clains 1-12,
characterized in that the content of [err]-caprol actam
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35 and [err]-caprol actam precursors in

10 and 35 wt % P P step (©) 2|85 bﬁRBPfRCEMENT SHEET
8163- 14. Process according to claim 13, characterizedji that

the content of [err]-caprol actam and [erg - caprol actam ]

is nore than 15 wt. % 15. Process according to any one pf clalns 1- 2 5
characterized in that the amnia concentration in step (crTs
below 5 wm. % :

PROCESS FOR THE PREPARATION OF ¢-CAPROLACTAM

ABSTRACT

Process for the preparation of g-caprolactam
§ starting from 5—formyivalerate acid, ester or amide
(aldehyde compound) in which a reaction in the presence of
ammonia and hydrogen and a subsequent cyclization of the
reaction products thus formed (e-caprolactam—precursors)
to s-caprolactam is performed in the presence of water,
wherein that the_following steps are pérformed
(a) contacting the s-formylvalerate acid, ester or amide
with ammonia and water under non-hydrogenation '
conditions,
(b) contacting the resulting mixture of step (a) with
15 hydrogen in the presence of ammonia under
hydrogenation conditions, in which the water content
is higher than 10 wt.%,
(c) heating the resulting mixture of step (b) at a
temperature between 200 and 350°C in order to convert
20 the reaction products of step (b) to ge-caprolactam.

Figure 1
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