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invention relates to a process for the 1 ~ preparation of
[err]-caprolactam in which, in a first step (a), a conpound havi ng
the general fornula: 10 O=CH (CH err])[err]-C(O-R

(1) wherein R represents -OH, -NH err] or -OR, and wherein R
represents an organi PROCESS WORN THED PREFARATY ONl DR -CAPROLACTAN S br ought
into contagt with amoni a and hydrogen in a suitable solvent at

el evat ed pressure and in the presence of a hydrogenation catalyst, to
forma mxture of primary am no conpounds and [err]- caprolactam This
is then foll owed by a separat. ), | ' e | mary

am no conpounds are &?‘eeaé‘t%g}q}%g%o%%][aﬁereﬁj-égpar eac’gaascré] EJ} the
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describes a pr@gg§ssal !&OWOSIl?ﬁyé\aVingt e Jydrie e GhAlS IS first reacted

Wi th excess 25 ammoni a an rogen in the pressence of nethanol as
solvent, af in the presence of a catal yst, such as Raney-ni ckel, in
the liquid phase at 80[ ec=kB-t{(CHy)g+d(@)~-R mnixture of about 89% methyl
6- am nocapr oat e and about 3% [err]-caprolactam This m xture is
subsequently heated 30 to 225[err]Cto yield 78% [err]-caprolactam The
t ot al concwheratinoR aiepalelsenftst ROH,cadlints HORt'headdf f er ent
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'n that step. éﬁgogglgget%resence of a hydrogenation catalyst, to
form a mixture of primary amino compounds and ¢-
caprolactam. This is then followed by a separate second

20 step (b) in which the primary amino compounds are
reacted to form g~caprolactam.

Such a process is described in US patent

4,730,041. This patent describes a process in which
methyl 5-formylvalerate is first reacted with excess

25 ammonia and hydrogen in the pressence of methanol as
solvent, and in the presence of a catalyst, such as
Raney-nickel, in the liquid phase at 80°C to yield a
mixture of about 89% methyl 6—aminocaproate and about
3% e-caprolactam. This mixture is subseguently hesated

30 to 225°C to yield 78% e-—caprolactam. The total
concentration of all of the reactants in the different
process steps was about 10 wt%.

A disadvantage of the process described in

this US patent 4,730,041 is that relatively large-sized

35 process equipment for the (step (b)) cyclization
section is required. This is due to the low

concentration of reactants in that step. According to -~
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at nospheric pressures, requiring speckaR process equi pnrent. From an
economi cal /i nvest mnent point of view, smal | er-si zed, |ess expensive,

process equipnment is 5 generally desired. Fbmever nerely usi ng
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above results in the ?cﬁﬁ*ﬁfﬁﬁ%&e€§3GCt %gcﬁﬁﬂ Q“Y%P?+@P|h%eh?uon ©
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cyclzzation sectlon {step b) as compared to processes

of the current state of the art.
This object is achieved by employing the
combination of conditions wherein the solvent used in

20 step (a) is an aqueous medium,  including water, and the
e-caprolactam yield obtained in step (a) is brought to
at least 10%, calculated on the initial molar amount of
the compound according to formula (1), and that the &-
caprolactam is separated from the agueous mixture

25 obtained from step (a) by extraction using an organic
extraction agent, and with the aqueous mixture
resulting from the extraction step, containing the
primary amino compound, is then used as the feed into
step (b).

30 The above results in the following process
according to the invention preparing for e-caprolactam,
wherein, in a first step (a), a compound having the
general formula:

35 O=CH-(CH,) (~C(0)-R ' (1)
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- 3- WO 98/09944 wherein Ris -OH -NH or OR, and FIGdM;97/00488
R is an organic group with 1 to 10 carben3 - at ons, and
in an aqueous nedi um as sol vent, is contacted at an el evat ed
pressure with amoni a and 5 hydrogen in the presence of a
hydrogenation catal yst tQnerein R {98, MNg UG @C—B['e”dn&%ﬂ{éﬂ c,%]am and
primary anm no conpaounds, d wherein the yield
to [err]-caprol act am i n R’ is an organic groyp¥ith }rst%au?l"eﬁiﬂ?%na | evel
of at least 10 atoms, andmimrdf aflesdsinsdium tde doléd, nol ar

anbunt of said.co actin errJ.-.caprol a.ct am rom
sai d aqueous ml§t gBELé Cted at Sﬁiaﬁaﬁé’@etf% se%"’{ %ﬁq
extracti on sagehydrogen im the presencd of @ mmuge;fatmmmamm to
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aqueous arate second
step (b) wher ecampaugds, primary am no conpounds in said residual
agueous 20 mxture gangy LA REM HeRC 1P dPreén {Jlﬁ&g wlaetam

By using an aqueous nedi %m%(l ncI u |nng waiygr pr;s t sol vent in

step (a) and by increasi 8§oPhd eS| carried to FGim@yelciafmak dersth Kt ep
(a), E-caprpol actam can bﬁlolar%, cal@@\aartte@wsdné sefas id1eGndyaam t he
reaction m xture %FIOF to _step (%) Iﬁi'ractlon Then, as a result
of t he separatl roynt, p& @ﬁF] 5&%51 tam prior to step (b),
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used In Step (Shyyhbba ¥BTsPpi1S) with an UM HAddAD SRl State

of the art. t'her advantade of the presen ntion
Is that a substantial part of the [err]-caprolactam can be

prepared at the relativeky leewn eaip@rz Wi 'és&ciddtame solutlon dfi rest step

(a). By contrast, in the rociss of pat ent 730,041, al.nost all of the
[err]-caprolactamis CaBIp éﬁ&laé‘dalnﬂ Fhéegéd:ér?& §te€r}d(“l§)1 AAWRQUR | vel y
hi gh t enper at ur asxtlee,exanpl e 300[ err] C. This is a significant

temperature diLLpf ghcg. BY,0R2L2LhRY 22R2LY ol

(B wherein said
primary amino compounds in said residual aqueous

20 mixture are further reacted to form e-caprolactam.

By using an aqueous medium (including water)
as the solvent in step (a) and by increasing the g-
caprolactam yield in step (a), e—caprolactam can be
advantageously separated from the reaction mixture

25 prior to step (b) by extraction. Then, as a result of
the separation of the e—caprolactam prior to step (b),
a smaller—sized volume of process equipment can be
effectively used in step (b) while avoiding the
dravbacks of the present state of the art.

30 A further advantage of the present invention
is that a substantial part of the e—-caprolactam can be
prepared at the relatively low temperature used in the
first step (a). By contrast, in the process of US

% patent 4,730,041, almost all of the s-caprolactam is

35 prepared in the second step (b) at relatlvely high

'~ temperatures, for example 300°C. This is a significant
temperature difference. By operating according to the
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-4- preeostesvqavent i on, the overall consunption of ener gPCI/NLO7/0H88 r ed
to prepare one nol of [err]-caprol actamg@f-the process will be |ess
than that of the present state of the art process. 5 '
Further, the fact that less [err]-caprolactamis exposed to the higher
terrperature of the second step is al sQ advant a ous i_n that the | evel
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prior art, 158" ata%alwﬁala%&qnattn%ltcfma ahselyicH ci& itliesalmol act am
ol i goners can e fornmed.. "digoner formation is as, a rul e considered to

be di sadvant 8§8o8sCAREPlAR adeSbtadned 15 Javarads [’Erref"@épréltact am
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ol i gomers ese npounds are t he nost i nportant
reaction pr ouagﬂésm’ch@@ ‘@tserpc’(sé)lbd-rﬁj ‘%\‘-rfé‘ tehe ftate RF EA®péFitds for the
fu : t he{ _ Feé%b's%n als0 defl¥ddived it arE PadehtStamA)o4l. The
extracti
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(a) are generally not reported in the prior art,
probably because at such higher yields t-caprolactam
oligomers can be formed. Oligomer formation is as a

20 rule considered to be disadvantageous when the desired
product is g-caprolactam. However, we have now found
that such oligomer formation in step (a) does not have
to result in a reduction of the overall e-caprolactam
yvield.

25 It has further been found that e-caprolactam
can be exclusively separated from an agueous mixture
containing 6—aminocaproic acid, é6—aminocaproamide
and/or their respective oligomers. These primary amino
compounds are the most important reaction products of

30 step (a) and are the starting compounds for the further
reaction to e-caprolactam in step (b).

The extraction of e-caprolactam from the
agqueous mixture can be performed with any organic
extraction solvent which is substantially immiscible

35 with the agueous mixture. By substantially immiscible
is here meant that the mixture of organic extraction
solvent and the agueous mixture results in two
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at the extraction tenperature. Preferabl e the nmutual solubility under
the conditions of the extraction is not higher than 30 wt. % and nore
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advant ageousl| V?Eg‘rrgartgd L0 claég’l?é’e&bﬂ?s pﬁr&é‘lﬁeég‘ Jrxa 58ffl e, 1.3 kPa
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i | e dodecyl phenol, ex e ) Oi |4 i n 0f 190[err] C at
that pressure. By pref egé‘ﬁ@@,igt%hgfbgﬁqt%at} Jlansgsol%%{ eotrtaﬁé”‘acmwl phenol is
at | east abouadg8hssr pCe ahenicd 2nd gdiilc Hhanols. |Aepsefsraed HBlams | C

above the boi ENg1RY1INbheno1k0h reARIISRE LA Hhvd PRIl N tddintThe upper
limt for_ the boili oi nt of the al kyl phenol is about 400[err] C

at 10 mHg. PPEFQP&bH‘P?‘?ﬁ afl Rf Epremselactam. Araferabdvas th® to form an

azeotropil® nmi xLki@ pheholehak- a3®oiQdpigolpadiminhigher than the The al kyl
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nunber of carﬁghllng RedmE 8F fﬁgagfﬁ&%% %hp?§¥%ﬁgk§¥éﬂ§?§g%§'5gte Lth[ZS
and nore prefMPabl xlkgiwpbendlsshhaeanyllghs bafildpecipoints at
atmospheric pressure. Therefore, in this context, the
boiling points are advantageously compared at reduced
20 pressures of, for example, 1.3 kPa (10 mmHg).
Caprolactam has a boiling point of 140°C at 10 mmHg,
while dodecyl phenol, for example, has a boiling point
of 190°C at that pressure. By preference, the boiling
point of the alkyl phenol is at least about 5°C, and in
25 particular, at least about 15°C above the boiling point
for caprolactam at 1.3 kPa (10 mmHg). The upper limit
for the boiling point of the alkyl phencl is about
400°C at 10 mmHg. Preferably, the alkyl phenol is
chogsen so as not to form an azeotropic mixture with £~
30 caprolactam.

The alkyl phenol is phenol substituted with
one or more alkyl groups. The total number of carbon
atoms of the alkyl group(s) is preferably between 6-25
and more preferably between 8-15. Examples of,specific,

35 alkyl phenolic compounds include dodecyl phenol, octyl
phenol, nonyl phenol, n-hexyl phenocl, 2,4-diiscbutyl
phenol, 2-methyl-4,6-di-tert-butyl phenol, 3-ethyl-4,6-



35 al kyl phenolic conpounds include dodecyl phenol, octyl phenol ,

nonyl phenolwo ge/d9834/1 phenol , 2, 4-dii sobutyl phenol , PCT/NL97/00488
2-nmethyl -4, 6-di-tert-butyl phenol, 3-ethyl-4,6- WO 98/ 09944
PCT/ NL97/ 00488 - 6- di-tert-butyl
phenol, 2,4,6-tri-tert-butyl phenol, and m xtures of any thereof. us

pat ent 4,01 40 di scl os dditi p also be
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Hi nder ed al cadpé shpdieokedSgroupslissephi Aleoholr eempotindd- hakyl ati on
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but yl - met hyl | fi;go h o] xyl
group are cyc Pﬁg§§%oﬁbdrgﬁgﬂpﬁﬁéuﬁ i HPQEBHE ?féﬁ§z§§1¥ HfPa¥géﬁexanol
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L?ghche nOﬂ&&ﬁéﬁO@Q& h9d96$%£a%f@??Légpﬂgﬁgéggfésggﬁcggﬂﬁﬁr alcohols and
m'xtureg Sof ‘1’ h‘é’érRarﬁP rpan(%@daéi‘(? gr°“£sc&ﬁ9a§"g RExPBr 82X8L t he above

menti oned algoinp sccahydrogahsoThiésuisdadiPantageedsalnohopsobass &nhi gh
affinity which the resulting agqueous phase are used as feed to
prepare e—-caprolactam. Hindered alcohols are less
susceptible to react to N—alkylation products of e-
20 caprolactam.

Examples of compounds having two hydroxyl
groups are hexanediol, nonanediol, neopentylglycol,
methyl-methylpropanediocl, ethyl-methylpropanediol or
butyl-methylpropanedicl. Examples of compounds having

25 one hydroxyl group are cyclochexanol, n~butanol, n-
pentanol, 2-pentanol, n-hexanol, 4-methyl-2-pentanol,
2—ethyl-l1-hexanol, 2-propyl-l-heptanol, n-octanol, iso-
nonylalcohol, n-decylalcohol and mixtures of linear and
branched C,-alcohols, mixtures of linear and branched

30 Cy-alcohols and mixtures of linear and branched C,; -
alcohols. Mixtures of the above mentioned alcohols can
also be used. Preferred alcohols have a high affinity
for e-caprolactam, a lower boiling point than &~
caprolactam, a large density difference with water,

35 commercially available, low mutual solubility with
water and/or are biodegradable.

The extraction step is carried out at a
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solubility with- wat er and/ or are bi odegradabl e. The
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The star{ing co
(1) (the aIdehvﬁz'CSHBogﬁﬁfeéaﬁinsbﬁfgﬁgno QPﬁe&'By. rmyl ati on
of the codespdndli MBapelheneateaestion, s26p aandber carrdedasutf an ?&?Hp|?h
acid in o KW eREract sahlabBagaBast R dRalEYS B2 e
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5-fornylval erate ester agnhbhgxeiabtiff £e8BOYId143 ah%%?ﬁi}:hﬁa%%”pound
Is at present re easllg obtal nable. n tornula (1), R
i s defined as CRf {Redenergl o BRRgSOBERIR. Nppter abouk 503/ -®hérei n R
i s préber adpyrobactgrni 810h9UPivht Bedwben28b6atboONaglORBoud015Thi s
organi c grcnu)Jé @nw§+égl, cycl oal kyl, aryl or aral kyl group. More
preferably R 15" an alkyl group.

The starting compound according to formula

(1) (the aldehyde compound) can itself be obtained by
hydroformylation of the corresponding pentenocate ester,

20 acid or amide as, for example, described for the ester
in WO-A-9426688 and WO-A-9518089, and for the acid in,
for example, WO—-A-9518783, the disclosures of which are
incorporated herein by reference. Preference is given
to the 5-formylvalerate ester as the starting compound

25 because this compound is at present more easily
obtainable.

In formula (1), R is defined as one of the
groupings -OH, -NH, or -0-R’, and wherein R’ is
preferably an organic group with 1 to 20 carbon atoms.

30 This 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, tert-butyl, isobutyl, cyclohexyl,
benzy; and phenyl. By preferencg R’ is methyl or ethyl.

35

Step (a) can be performed by the generally
known methods for reductive amination. The higher yield
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bet ween about 5 and 15 ressure i s petween 20_ about 0,5
and 20 MPa. Perform Stap Tﬁé H?dFBQeEé?FSHCSaP§I9§taééﬁﬁﬁp§é§ one or
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Fe and/ or Cr.Thfeconcentration of the alcohol is preferably betwaen

about 2 and 20 wt.% and more preferably between about §

and 15 wt.%. The temperature in step (a) is preferably

between about 50 and 150°C and the pressure is between

20 about 0,5 and 20 MPa.

The hydrogenation catalyst comprises one or
more of the metals choosen from the metals of groups
8-10 of the Periodic System of the Elements (New IUPAC
notation; Handbook of Chemistry and Physics, 70th

25 edition, CRC Press, 1989-1990) for 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

30 content of these additional metals may, for example, be
up to 20 wt.%, based on the total metal content.

The catalytically active metals may
optionally be employed on a carrier. Suitable carriers
include for example aluminium oxidb; silica, titanium

35 oxide, zirconium oxide, magnesium oxide, carbon or
graphite. Non-carried metals can also be used. An
example of a non-carried metal is finely dispersed
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w.% based onthe total netal content. The cata
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accordi ngi@o wsup@rtpe@f oretall cakal nebs ., (ﬂ@gcﬁxmlﬁefmﬂbﬁl ow). It

has al so been#1 dé@@trﬂk%}?{mﬁ’veéxa'iui/héﬁii&mtﬁ’uﬁﬁéf&ed on &aprolactam
chieve

can then be a preferred enpbodi nent, step (a)
i s per f or RAF § L% wof SRRl & JHtReR1UE 18R 2SR EPIN o AL YRiNg yhst ep

(a2). In substgiadiite tdre B olehwda iexapound corresponding to forrrul a
(1) is reacted with amm%‘fpon(ap)rolﬁc Hon. hyfei%o QP&S%@%}E %19%5 nd in

substep (a2) the red
convertedl®o Ehmpretelced gnbqdinenty mmrtmmlwlwﬁerlt

hydrogenati ng tfég‘cgféc?;ﬁeéﬁ"' faﬁl@rﬁwcﬁﬂfxer ov@fAPlifields to e-
Substep (al) is carrie under non- hydrogenating conditions. The
term ' non- hydCARSEf.actam can then be achieved.

In its preferred embodiment, step (a) is
performed in two separate substeps: substep (al) and

20 substep (a2). In substep (al) the aldehyde compound
corresponding to formula (1) is reacted with ammonia
under non-hydrogenating conditions and in substep (a2)
the reaction product obtained in substep (al) is
converted to e-caprolactam and primary amino compounds

25 under hydrogenating conditions in the presence of
ammonia.

Substep (al) is carried cut under
non-hydrogenating conditions. The term ‘non-hydrogena-
ting conditions’ means that the reaction conditions are

30 such that, either no hydrogen is present or, if
hydrogen is present, then the aldehyde compound
according to formula (1) or a reaction product thereof
is not, or is virtually not, reduced by the hydrogen.
In general, nan-hydrogenating conditions are realized

35 by carrying out the first substep (al) in the absence
of a hydrogenation catalyst.

Variations in technique are possible. In one
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general, non-hydrogenating conditions are realized 35 by carrying out the
first subste n t.he absen of hydrogenat i on.cat al yst.
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am no -ca rolactam a achi'eved when the
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preferably absbﬁtaQQ@bc93%a if b&%ferab&@nﬁﬁkﬁéﬁh'd%thOOhQMhnkh'S can
result in an_increa t he fornatlon of , for
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conversion of the aldehyde compound in substep (al) is
more than 90%, preferably above about 99%. If the
conversion is too low, this can result in an increase

20 in the formation of, for example, the 6-hydroxycaproate
ester (or acid or amide) and/or secondary amino
compounds. Formation of these compounds will then
negatively influence the overall process yield to e-
caprolactam.

25 As explained above, too short a contact or
residence time in substep (al) may result in
undesirable by-product formation. The optimal residence
or contact time at which the conversion of the aldehyde
starting compound is wvirtually completed, will depend

30 on the overall combination of reaction conditions, for
example: temperature, concentration of reactants and
method of mixing. Longer contact, or residence, times
than are needed to achieve the above conversion are, of
course, possible. The optimal residence time or éontact

35 time can be easily determined by the man skilled in the
art.

Starting from the temperature and



or contacf t] : I ch the conversion of ‘the al dehyde
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25:1 nore pre ween
will be fonn#ﬁQrﬁﬁﬂﬁBIQbaGéém ase&d is pegativelpr égfiiuepredhe reactlon

between the @Mw@ébl,( tﬁsrmeyafi @S‘Q:.émbﬁaa%%ﬂﬁébkék\?éhﬁﬁ (al) and
20 substep (a2 are perf orne in Bresence of | east 10

wei ght per cerft® e%&ﬂ%rc°ﬁﬂ%u t2pd cbﬁfeﬁ?a°t1° f PERAUFESAt L8n n1xture in
substep (81) subgtegl e(&b) yis bebtwberesabetduB:15a68 26:% modenore preferably
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al dehyde co nor € accura e concentrati on of the sum of
Water will be formed in substep (al) as a

reaction product of the reaction between the aldehyde
compound and ammonia. Preferably substep (al), and

20 substep (a2) as well, are performed in the presence of
at least 10 weight percent of water. The water content
of the reaction mixture in substep (al) is preferably
between about 15-60 wt.% and more preferably between
about 20-50 wt.%.

25 The concentration of the aldehyde compound,
or more accurately, the concentration of the sum of
aldehyde compound and its reaction products in step (a)
or in substep (al) is generally between about 1 and 50
wt.% and preferably between about 10 and 35 wt.%. High

30 yields to
g-caprolactam can be advantageously achieved at these
higher concentrations.

The pressure in substep (al) is not critical.
The pressure is generally equal or greater than the

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

Substep (al) can be carried out in the
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catal yst in ghgatly EhEihaﬁE%B b§U‘EBeap§§E§hE§t olfsagéa%a@&hx 3Rt ehged.
The process accordlng I nvéntion can ger ornmed hatch w se or
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reactanéﬁ are s fficient contacted at enperaéure during a
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a static mxer 1S a g acting f or “subst e
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apply above. Any manner of contacting will usually suffice.
For example a tube reactor with or without internal
baffling or packing or a static mixer is a possible
contacting unit for substep (al). To control the
20 temperature in substep (al) it may be advantageous to
use cooling devices, for example cooled walls or a
cooling spiral placed in the contacting unit.
The above described ratios and concentrations
and their preferred values for substep (al) also apply
25 for substep (a2) unless otherwise mentioned. Moreover
the composition of the aqueous reaction mixture
obtained in substep (al) is by preference, directly and
without substantial separation of any of the compounds
of the mixture, used in substep (a2). This is
30 advantageous because it results in a more simple
process.
The reaction product obtained from substep
(al) is converted in substep (a2) to e-caprolactam and
the primdry amino compounds under hydrogenating
35 conditions in the presence of ammonia.
The primary amino compounds so obtained
include 6-aminocaproamide, 6-aminocaproate ester and 6-—
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possibly some oligomers will be obtained in substep

(a2).

By 'hydrogenating conditions’ it is
20 understood in this invention that the reaction
conditions are such that the intermediate reaction
product(s) obtained in substep (al) can be reduced by
hydrogen. In general hydrogenation conditions are
achieved when hydrogen and a hydrogenation catalyst are
25 present. The hydrogenation catalyst has been described
above.

The total pressure used in substep (a2) is
generally between 0.5 and 20 MPa. The pressure is
preferably between 0.5-10 MPa and more preferably

30 between 1-5 MPa.

Substep (a2) is in general carried out at a
temperature higher than about 40°C. In general the
temperature will be lower than about 200°C. To achieve
optimal overall yields to e-caprolactam the temperature

35 is more preferably between about 70 and 180°C. Most
preferably the temperature is above about 100°C because
high yields to s-caprolactam can be obtained.
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present as a urry Iurry I eact S manner
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operated contactors in series in which the
hydrogenation catalyst is present as a well mixed

20 slurry (slurry reactor). This manner of operation has
the advantage that the heat of the reaction from
substep (a2) can be easily controlled by, for example,
a cooled feed or by way of internally placed cooling
devices. Examples of specific and suitable slurry

25 reactors are single or multiple-staged bubble columns
or a gas lift-loop reactor or a continuously stirred
tank reactor (CSTR). The slurry-hydrogenation catalyst
can be separated from the reaction mixture after
substep (a2) by, for example, using hydrocyclones

30 and/or by filtration, for example by cake- or cross-
£low filtration.

The catalyst concentration in substep (a2)
may be choosen over a wide range. In a fixed bed
reactot the amount of catalyst per volume will be high '

35 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
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the process of the inv en and_part of t nja can be
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and the alcohol (1f present) are preferably separated
from the reaction mixture obtained in the reductive
amination step (a) prior to the extraction according to

20 the process of the invention. 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

25 hydrogen and ammonia can advantageously be recycled to
step (a).

In a subsequent sfep the alcohol (if present)
can be separated. It has been found that it is
advantageous to perform the cyclization step (b) in the

30 pressence of less than 1 wt% and more preferably less
than 0.1 wt% of alcohel. Thus when the resulting
mixture from step (a) contains alcohol it is
advantageous to separate this compound. It has been

o found that the presence of alcohol duling the

35 cyclization promotes the formation of the corresponding
N-alkyl caprolactam, an undesired by-product. The
presence of small quantities of these N-alkylated
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(a) with &EEBEabﬁdsthQ@‘B@Vb%ﬁt%c&@%@e%aﬁﬁ&%fB@EWQQ“ about
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[err]- Caprolafga GBchLtQQ%%L% atmospheric pressure. Such gas phase
processes are advantageous because e-caprolactam is
obtained in a gaseous steam phase in which no oligomers

20 are present. Separation of e-caprolactam and oligomers
can thus be avoided.

Preferably step (b) is performed in the
liquid phase at super atmospheric pressures such as for
example described in the aforementioned US patent

25 4,730,040, WO—-A-9600722 and in the above mentioned
article of Mares and Sheehan. High yields of e-
caprolactam of high quality can be obtained with these
liquid phase processes. More preferably step (b) is
performed in the liquid phase as discussed below.

30 The concentration of ammonia in the liquid
mixture employed in step (b) is preferably below about
5 wt.% and more preferably below about 3 wt.% and most
preferably below about 1 wt.%. Higher concentrations of
ammonia have a negative effect on the yield to e- .

35 caprolactam per pass in a continuous process.

The concentration of e—caprolactam and &-
caprolactam precursors in step (b) is preferably
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can be applled eragiy eigap¥oiactam is separated by extraction in
which the same extraction agents and conditions as
described before can be applied. More preferably the

20 effluent obtained in step (b) is subjected to the same
extraction procedure as is used for the effluent of
step (A) as described above. Prior to this extraction
step it is prefered to separate part or all of the
ammonia present in the agueous mixture of step (b) in

25 order to prevent a build up of ammonia in the process.

Extraction of e—caprolactam from the effluent
of step (b) is especially advantageous as compared to
distillation separation when oligomers are also present
in the agueous mixture containing the s-caprolactam.

30 When using distillation more oligomers are usually
formed and obtained in the residue of the
distillation(s) in a high concentration. Because of
these high oligomer concentrations and the
solidification of the oligomers, fouling of the process

35 equipment can occur, for example, pipes and other
components. This disadvantage does not occur when
extraction is used as the method for isolating e-caprolactam.
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the process equipment used in the below examples.

20 In figure 1 a mixture of methyl 5-
formylvalerate/water /ammonia/methanol (1) is fed to the
reductive amination reactor (A). Also fed to (A) is
sufficient hydrogen (2). The effluent from the
reductive amination reactor (A) is lead by line to

25 vessel (B) wherein ammonia and methanol is separated by
steam stripping. Part of the methanol is recovered via
line (6) and the rest is recycled to the reductive
amination stage (BR) via line (5). The resulting
reaction mixture is lead via line (7) to a counter

30 current extraction column (C) and is then extracted
with the extraction solvent through (8) to yield a
extraction solvent stream (9) rich in g-caprolactam and
an aqueous mixture via line (11) rich in 6-aminocaproic
acid, é6—~aminocaproamide and oligomers. In vessel (E)

35 water is first separated and removed from the mixture
by distillation and recycled to the reductive amination
stage via line (3). The resulting now concentrated
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I nstance, by ean1st esse Ré aqu ous m xture (13) is
recycled to theffect1eniyasapana¢eﬂubm geingOieissnakpenstivecmiduent of
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manner the fe e ext act i's concentrated and
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cbtained through line (10). The extraction solvent
itself, now poor in e-caprolactam, is returned via line

20 {8) to column (C). In the various recirculating
streams, purges (not shown) will preferably be provided
to overcome build up of contaminants and by-products.

The invention will now be elucidated with the
following non-restricting examples.

25 The composition of the resulting mixtures of
the experiments are sometimes expressed in mol
percentages. The molar percentage of a component is
represented by the molar fraction ( x100%) of the molar
amount of converted methyl 5-formylvalerate (MS5FV)

30 which contributes to that specific component. For
example if the starting amount of MSFV is 100 mol and
the resulting mixture contains 50 mol e-caprolactam and
25 mol of dimers then the molar contribution to &-
caprolactam will be 50 mol% and the meolar contribution

35 to the dimers will be 50 mol% (totaling 100 mol%). When
no cligomers such as dimers are present in the mixture
the above molar percentages are the same as the molar



obt ai ned through line (10). The extraction sol vent itself, now poor in
[err]-caprol\WO98M9948s returned via line 20 (8) to col um (C) pcl/RLéInR488
various recircul ating streans, pucgeg (not shown) will preferably be
provi ded to overcome build up of contam nants and by-products.

The invention wll now be elucidated wth the foll owi ng non-restricting
exanpl es. 25_. e _co sition of the resulting m xtures of

t he experineﬁ%glgr8858§gf;%§§%e%%§8§§ed i n nol per cent ages. The nol ar
per cent age of a conponent is represented by the nolar fraction ( x100%
of the nol ar anount of converte - fQr oyl rate (MoFV) 30

whi ch contributes to that specific g%ﬁg%%éhfiebgrqyf%&é@ﬁhple I f the
starting ano¥ih€lef OFEFYmMpONeny ol arrd————-ttre-—Tesurtind A0Rkure cont ai ns

50 nmol [err]-caprolactam and 25men! mekvdicERkarkl@an the nol ar
contribution to [err]- caprolactamw || be 50 nol % and the nol ar
contribution 35 to the diners will be 50 nol % (totaling 100 nol % . Wen
no ol i goner SEXDRACZIONI EXPERIMENESEsent in the m xture t he above nol ar
percentages are the same as the nol ar WO 98/ 09944

PCT/ NL97/ 00488 - 20 - yield as
expressed beExample I nol conponent x fornmed

I
I — e e e e e e e e e e e e * 0,
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200 ml of a ¥etHreteh foaminorpprpiccapidl Aot water wagnwellwmied
6- ani nocapr of6r a&i €ih8 WakelcwastWebl rBhéfdequilibPiuf WilR SBbf i ent to
reach £aul i oh] UTLELER Z0:0bm compelhRbohlah chOgThbETRST A1 Ur e and
at nospheri ¢ pheric
pressure. The water phase was separated from the
15 chloroform by phase separation. The water phase was
again mixed with 200 ml chloroform. as above and
separated from the chloroform by phase separation. The
two chloroform phases were combined and analyzed by
high pressure liquid gaschromatography (HPLC). The
20 water phase was also analyzed and the partition
coefficient (calculated as the concentration of e-
caprolactam in the organic chloroform phase divided by
the concentration of e-caprolactam in the agueous phase
at (almost) equilibrium conditions) was 0.74. No
25 detectable amount of 6-aminocaproic acid (< 0.01 wt.%)
was found in the chloroform phase.

Example II
Example I was repeated with dichloromethane.

30 The partition coefficient was 0.84. No detectable
amount of é6-aminocaproic acid was found in the
dichloromethane phase.

Example III
35 Example I was repeated with methyl tert-

butylether. The partition coefficient was 0.1. No
detectable amount of 6—aminocaproic acid (< 0.01 wt.%)
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Example IV was repeated at 80°C using the
15 same volume of dodecylphenol instead of chloroform. The
partition coefficient for e-caprolactam was about 11.

Examples I-V illustrate that e-caprolactam is
20 successfully separated from agueous mixtures containing
6—aminocaproic acid, f-aminocaproamide and/or
oligomers.
These batch examples also show that an almost
100% separation of g—-caprolactam is possible in a
25 continuously operated extraction; for example in a
counter current extraction column or in a series of
mixer/settlers.

Example VI

30 100 g of an agueous mixture containing 15.5
wt.% e—-caprolactam, 5.2 wt.% 6—-aminocaproic acid, 17.4
wt.% 6-aminocaproamide and 2.2 wt.% oligomers of 6-
aminocaproic acid and 3.4 wt.% oligomers of 6-
aminocaproamide was mixed wellt long enough to reach

35 equilibrium, with 100 g of 4-methyl-2-pentanocl at 80°cC.

The partition coéfficient of e-caprolactam
was 3.3. No detectable amounts of 6—-aminocaproic acid
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E- caprol act am was about 11. Exanples |-V illustrate that
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- 22 - 190 and ol i goners of 6-am nocaproic acid were found in the

al cohol phase. The partition coefficient of 6- am nocapr oam de was 0. 45
and of olig mpdegVII  aninocapro-amide was 0.66. By extracting the

al cohol 5 phase with fateahpraissirieh@£63a0 MP@IPBAAT GYhENSE Methyl
5—-formylvalerate, 203 g/hr of ammonia, and 526 g/hr of
a 15 wt.% methanol in water mixture was pumped through
15 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 (ligquid)
residence time was 15 seconds.
The resulting mixture leaving the tube
20 (substep al) was fed to a continuously stirred tank
reactor, a Hastelloy C autoclave of 1 liter liquid
volume. The reactor was stirred at 1250 rpm. The
pressure was kept at a constant 3 MPa and the
temperature at 120°C. To the reactor a net amount of 5
25 g/hr of hydrogen was fed. The reactor contents included
a 5 wt.% ruthenium on A1,0, catalyst (Engelhard: ESCAT
44) at a catalyst concentration maintained at 96.0 g/1.
The composition of the effluent (mixture A)
of the stirred reactor did not vary significantly
30 during the 22 hours of operation. The average
composition of all the products formed in the last 12
hours was 21.5 mol% 6—aminocaproic acid (6ACA), 45.9
mol% 6—aminocaproamide (6ACAM), 27.5 mol% t-caprolactam
(CAP), 2.1 mol % methyl 6-aminocaproate (M6AC) and 3.0
35 mol.% oligomers.
Mixture A was flashed to 0.1 MPa and
continuously fed to the top of a steamstripper column
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and conti rﬁhﬂﬂﬂ%ﬁ’f%l tDlakes} ophPrefefmavias rfededt c%l Hﬁﬁe of 1.
98/ 09944 1/hr. caprolactam was extracte®CIadbWh8048Boroform

geﬁgrat ed in & oper:aqttgsl g‘%mt‘hl I\/Pau%%g g’brf‘%e %’6?5%!9“]3' a§%1§g} V\gsof fresh
wat er wasl®l sé~faedinokdepidipliak bdt t&raminocaproamide and oligomers
remained in the agueous phase.

This aqueous mixture was subsequently
continuously fed to a cyclization reactor, a plugflow
reactor (almost no backmixing), at a constant

20 temperature of 320°C. (maintained with the use of an
0il bath), a pressure of 12 MPa and at a residence time
of 30 minutes, and at a rate of 554 g/hr. The average
composition of all the products present in the liquid
agueous stream leaving the cyclization reactor amounted

25 to 7.5 wt.% g—caprolactam, 1.6 wt.% of 6—aminocaproic
acid, 6—aminocaproamide and oligomers.

This aqueous mixture was fed to an extraction
comparable to the one described earlier. The stream of
chloroform leaving the extraction contained 41.6 g/hr

30 e-caprolactam. The total yield in this one pass was
92.7% calculated on the molar amount of methyl 5~
formylvalerate.

By recycling the agueous mixture obtained in
the extraction to the cyclization reactor, additional

35 production of eg-caprolactam can be obtained. It should
also be readily apparent that the extractions here
illustrated can be combined in a single unit operation
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Thi s aqueousegukvalentastbapeefiuchf| fhe foldawingoadrymBed to a cyclization
reactor, a plugflow reactor (alnost no backm xing), at a constant 20
tenperature of 320[err]C. (maintained with the use of an oil bath), a
pressure of 12 MPa and at a residence tine of 30 mnutes, and at a rate
of 554 g/ hr. The average conposition of all the products present in the
liquid aqueous stream | eaving the cyclization reactor anbunted 25 to
7.5 wt.% [err]-caprolactam 1.6 wt.% of 6-am nocaproic aci d,

6- am nocapr oam de and ol i goners. Thi s aqueous m xture was
fed to an extraction conparable to the one described earlier. The

st ream of chl oroform | eaving the extraction contained 41.6 g/ hr 30
[err]-caprolactam The total yield in this one pass was 92. 7%
cal cul ated on the nolar anount of nethyl 5- fornyl val erate.

By recycling the aqueous m xture obtained in the extraction to the
cyclization reactor, additional 35 production of [err]-caprolactam can be
obtained. It should al so be readily apparent that the extractions here
illustrated can be conbined in a single unit operation WO 98/ 09944
PCT/ NL97/ 00488 - 24 - in a conmercially
oper at ed process.
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Accordingly, lgyention is defined and limted only by the b |

scope, inclua%ngégﬁﬁ¥valents t hereof, of _the follow ng clainB.Péf%&biméﬂ%kD
98/ 09944 - 25 - PCT/ NL97/ 00488

- 25 - ‘ CLAI MS 1. A process for
preparing [err]-caprolactam wherein, in a
conpound having the general 5 C froami M S a”“l“ﬁ"l""ﬁﬂl'lﬂ"l

O=CH- (CH err])[err]-C(O-R (1) e b % SyHerein R
is -OH, -NHerr] or OGR, and 10 wherein R is an organic group
with 1 to 101. A process §QrbDReRBsABg &nGaPRciactaBeowberednumias

sol vent,, , al 8ip8Pt 36bpd(ah,an ebmpalad RAQEIRY’ €h¥ HBnaPHERN a

and hydrogen in the presence of a hydrogenation 15 catalyst to form
a m xtureof [err]EeEPR&PACt am and primary ami no compounds,

and wherein the yield to [err]-caprolactamin step (a) is
carried to a level of a ea 10 nmol ar % cal cul ated_ on the
initial nolar 20 6=éﬂ_?éﬁblnﬁc§9)'§%i d conpound, angl
extracting [err]-caprolactam from sai d agueous m xt ure obtai ned
fromstep (a) with an o ' — exjdgract i on_age to
forman organi c ext ract{éﬁgpégf’u}éi on O?H[erfﬁk3 ‘%{3061 &, tnd caprol actam

and a sepfrate residual wvhguebnsR’ is an organicngkreupewith 1 to 1010l | owed

by a separate second steprpbn ¥P8KE| Nand in an ag§dbOup'mEBLYMmAFENO
conpounds in said residual aqueous m xture are further reacted to

form[err]- 30 c3PFBPREL am

is contacted at an elevated pressure with ammonia
and hydrogen in the presence of a hydrogenation
15 catalyst to form a mixture of e-caprolactam and
primary amino compounds,
and wherein the yield to g-caprolactam in
step (a) is carried to a level of at least 10
molar%, calculated on the initial molar
20 amount of said compound,
and extracting e-caprolactam from said agueous
mixture obtained from step (a) with an organic
extraction agent .
to form an organic extractant solution of ¢~
25 caprolactam and a separate residual aqueous
mixture,
followed by a separate second step (b) wherein
said primary amino compounds in said residual
aqueous mixture are further reacted to form e-
30 caprolactam.

2. Process according to claim 1, characterized in
that the extraction agent is a chlorinated
hydrocarbon solvent.

3. Process according to claims 2, characterized in

35 that the chlorinated hydrocarbon solvent is
dichloromethane, chloroform or 1,1,l-trichloroethane.

4, Process according to claim 1, characterized in



2. Process according to claim1l1, characterized in , that the
extracti on ayens/09984 a chl ori nat ed hydr ocar bon sol vetT/NL97/00438
Process according to clainms 2, charactepgzed in 35 that the

chl ori nated hydrocarbon solvent is di chl or onet hane, chl orof orm or
1,1, 1-trichl oroet hane. 4. Process according to claim1l1, characterized
|n o 98/ 9g4the extraction agent is a,mono-alcohol h

PCT/ NL97/ 00488 g pfono-alcohol havipg (e

extracti on agent bsBacapboaadtoisl having 5-8 carbon atons.

5. Pr ocessg acco o] ' aracteri,zed, | . hat the
nono- a|COhO|5IS aﬁg S%eagégéghﬁP EQ cfé&ﬁ 4 ghégscsﬁééFa 6hto claimb5,
characterized in that the mohataltehalcdkoh hsndenadhylcﬂhpéntanol 7.
Process gccogdi ngpigea8¥ QEEoPélﬁbatﬂscian 5, gh?gactfbﬁ 8§t ghi zed in that

the formula (1) copmpound I's { val erate conpound,
in which R is 1othat thg €i¢€B°blk9l4§PBEBY aﬁdpﬁﬁﬁPngbrd aqueous reaction

medi um al so zont appscbskVeeBo2ddigd €6 ¥RyUBhY 6F claims 1-6(he

correspondi ng Cil- al cohol . .. 8 Proc £5 aceor t o_any .one of
Claim 17, 0 CRafafRRPiard, 1ochhnh FRR, LOERRLAchb of HPANMRS Separ at od
15 from t heanqatbpd Hrkoumplublerate compoupdebjnawdich R’ is from

the aquggus m Xtugecolt iyl Bhsp (Ha Bhat saia aqudbud FRALIACL! O

9. Process accordlhg mhereln
process is carr|eﬂeéyﬂmcéhﬁPnG@HEFyHBZDEtYBGR pré@és%°a€€b@btﬁg°€o any one

of claims 1-9, the corrgg ﬁgiﬁglé&*”l}ﬂé&ﬁuﬁtep (a) is perforned in two

separate sub teps g i ch conprise (al)
reacting th tonp% Ec%? rgipg to any oné bf c13imB 4-(1) with anmonia
under non- characterhydﬂOgﬂnﬁhaﬁnteaaﬂrblaﬁﬁaﬁnﬂs separated (a2)

Convertigg the re@gé%og?grg&g&&ugb&ﬁkguge °bt3ﬁPﬁ8 t%n%%ﬁﬁdgggﬁaégl) to

[err]-caprol actam an
hydr ogenati on from the aque@mauminh*granomelpeésencetep fadohia.

the same extraction.
9. Process according to any one of claims 1-8,
wherein the process is carried out continuously.

20 10. Process according to any one of claims 1-9,
characterized in that step (a) is performed in two
separate substeps (al) and (a2) which comprise,

(al) reacting the compound according to
formula (1) with ammonia under non-

25 hydrogenation conditions and

(a2} converting the reaction product obtained
in step (al) to e-caprolactam and primary
amine compounds under hydrogenation
conditions in the presence of ammonia.

30 11. Process according to claim 10, characterized in
that the hydrogenation conditions in substep (a2)
are achieved by conducting substep (a2) in the
presence of hydrogen and a ruthenium containing
catalyst. >

35 12. Process according to any one of claims 1-11,
characterized in that the concentration of the
compound according to formula (1) in step (a) is

(AR R \\j\



30 11. ProQ9§§H@§ﬁ9rdlng to claim10, characterized in CBmuLthmghe-

hydr.ogenat i on trons in substep (a2) are achi evell
conducting substep (a2) in the 5resence of hydrogen and a
rut heni um cont ai ni ng catalyst. 35 1 ing to any
one of clains 1-11, characterized in ﬂrmmmelm Mﬁmﬁt. on of the
conpound accor di ngbeewkennubai6lyti.R.step (a) is* ¢ - "W 98709944
PCT/NL97/0048 etmeen 10- 35
wt . % g%bce§§°§858r8cﬁ8rgéngnt°oﬁgyb n%lﬁfwglflff 1-1
characterlzed in tnaarscspr@bydlsnpshﬁ@rnseplNbﬂhés performeidquind thiease at
an anmoni a Conce”ti‘i‘g Paghakssé an. ammoh'iﬂnc%n\@ren%ta%g%n:[ RE qaagentration

of [err]- tan1an primary anm no conpoun IS between
10- 35 wt. % and mntﬁhéﬁe3tUEpévaPGﬂetHBtﬁééﬁeg§63t1°n of #7d 350[err]C.

caprolactam and primary amino compounds is between
10~-35 wt.% and with the temperature between 290
and 350°C,.



