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prepare [err] rol actam startinglfromgep aqugous m xt uﬁ@lf'rﬁﬂ%@d'sgi ng
a Cerr]- C[err]“Jo and 6-amn RELA%E 2yclization o

6- am nocaproi ¢ aci d I n the agueous m xture at an el evated tenperature.

Such a process is described in U S Patent No. 4,730,040. This patent

publication describes a process | n whi ch f| rst rret hyI 5-fornylvalerate is
hydr ol ysed i n an aqueous ; : e PREE NPROLACFRNAFRONM Cc acid. In a

second step, the aqueous m xture Obtsa-'gﬁﬂgt#idl&: flcypt step is contacted
wi t h anmoni a and hydrogen in the presence of a hydrogenation catalyst. In
this step 6-am nocaproic acid and a small anpunt of [err]-caprolactamis
obt ai ned. The resulting aquéthss imvention vdélatiesnitot arprosdsds danpaiepatbe

met hanol  formed 'new@péaiéétﬁ SRarkinGCHEH d L1gui8TBgRAIY Gulktpeen 150
and 370[err]C at which erat ure caprqic acid reactd;é,éy
of this

cyclization to [erf:]”‘fc%’pﬁl %&’hﬁ\lc"h" "and 6 é-aminogagr e\ Ak
process i s that0theyckizhtion dicb-patapeaspaxicameddntiai e sagqueanissi r abl e
amount of N- net hyhlﬁgafglggtﬁ{nellen,algga @gﬁghtfﬁlﬂq that these by-products

o e ot e et Y] et 1952Ree" e Than A ) masop
cyclization reacti ®n.at. 732, 40yvaftdds patent publication describes a
process in which first methyl S-formylvalerate is
15  hydrolysed in an agueous medium to methanocl and 5-
formylvaleric acid. 1In a second step, the agueous
mixture obtained in the first step is contacted with
ammonia and hydrogen in the pressnce of a hydrogenation
catalyst. In this step 6-aminocaproic acid and a small
20 amount of e~-caprolactam is obtained. The resulting
agueous mixture, which mixture will contain the
methanol formed in the first step, is heated to a
temperature between 150 and 370°C at which temperature
6-aminocaproic acid reacts by cyclization to e~
25 caprolactam. _ '

A disadvantage of this process is that the
resulting e-caprolactam contains an undesirable amount
of N-methyl caprolactam. It has been found that these
by-products and its precursors, N-methyl 6-aminocaproic

30 acid and N-methyl 6-aminocaproic acid amide, are
especially formed when performing the cyclization
reaction at the elevated temperatures. The presence of
these N~substituted capzolactam by-produzsts has a
negative influence on the t~caprolactam vield and makes

35 the resulting t-caprolactam less suitable to be used as
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material for, tor exanple, Nylon-6 fibers. Furthernore, it is not easy

to renove these N substituted caprol act?am by- products from
[err]-caprol actam The object of this invention is a process
in 5 which the amount of N-substituted caprol actam by- products in the
resulting [err]-caprolactam after cyclization are not or are

practically not pE@ﬁﬁ@Ec;al starting mat395510@$@thdﬁsé?ﬁ&b@&edNbfoﬁhﬁt the

al cohol S sega;ate HéOﬁ]t e startlng agueous m xture befo
performng the cyEFPIERt orf WLFREFMPT&e dit Phﬁ?tt?’f‘bsy to remoxR: these Nof
al cohol in the ageubstitried reapnalacgan byfheodqmﬂsz&mmnurcaptetactauwn1
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cyclization reaction of 6- s eéh BFoPﬁhéﬁYﬂg (?aﬁa g éap

di sadvant ageous is separated from the starting aqueous mixture before
10 performing the cyclization to such extent that the
-concentration of alcohol in the agqueous mixture during
the cyclization is less than 1 wt%. Preferably, the '
concentration of alcohol is less than about 0.1 wt.%.

It has been found that by performing the

15 cyclization step when practically no alcohol is
-present, the amount of N-substituted caprolactam in the
e—-caprolactam product is substantially less than when
the state of the art process is used.

It was not to be expected that the presence

20 of an alcohol during the cyclization reaction of 6-
aminocaproic acid would have such a disadvantageous
effect on e-caprolactam yield and quality. No mention
of this fact is found in the earlier mentioned U.S.
Patent No. 4,730,040. Furthermore, comparable yields

25 to e-caprolactam starting from 6-aminocaproic acid were
found in a pure alcohol solvent and a pure water
solvent in an in depth study by Mares F. and Sheehan
D., described in Ind. Eng. Chem. Process Des. Dev.,
Vol. 17, no. 1, 1978 pages 9-16. Furthermore, no

30 mention of the N-substituted by-products were found in
this article.

The agueous starting mixture of the process
according to the invention may be obtained as the
reaction product of the reductive amination of 5-

35 formylvaleric acid or the corresponding ester or, for
example, as the reaction product of the reduction of 5-
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10 Aqueous mixtures which are advantageously

used in the present invention are agueous mixtures
obtained by reacting an C,~-C; alkyl S-formylvalerate
with ammonia and hydorgen in the presence of a

'~ hydrogenation catalyst in a water solvent. By using

15 water as solvent in this-reaction the ester gorup of
the 5-formylvalerate will hydrolyze in the same process
step as in which the aldehyde group reacts to the amine
group (reductive amination). Alcohol will be formed in
the hydrolysis reaction and will thus be present in the

20 resulting aqueous mixture next to optionally 6-
aminocaproic acid, 6-aminocaproamide, e-caprolactam,
some non-hydrolyzed C;-C; alkyl 6—aminocaporate and
oligomers of 6-aminocaproic acid and/or 6-

. aminocaproamide. '

25 The combined hydrolysis/reductive amination
may be performed at a temperature of between 40-200°C,
and preferably between 80-1560°C. The molar ratio
between C,-C; alkyl S5-formylvalerate is preferably
between 3:1 and 30:1. The pressure is preferably

30 between 0.5 and 10 MPa. The amount of hydrogen is at
least equal to the molar quantity of the C,-C; alkyl 5-
formylvalerate.

Preferably 1-15 wt.% alcohol is present in he
agqueous mixture next to the C,-C¢ alkyl 5~

35 formylvalerate. The alcohol is preferably the

. corresponding alcohol of the C;-C; alkyl ester group.



10 . Aqueous m xtures which are advantageously used in the
present I nvention are aqueous m xtures obtai ned by reacting an
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TWee usledohol is preferably the correspondlng al cohol
grr] al kyl espgp 8[WPalky1 grouﬂﬁhﬁ;&%pgzg example

methy

1, ethyl, propyl, iso-propyl, n-butyl, tert-butyl,

iso-butyl, pentyl or cyclohexyl. Preferably methyl and

ethyl

after

groups are used.
Below, the composition of the agueous mixture
separating the alcohol, is given, which mixture

may be used as feed or starting mixture for the

cyeli

zation. The concentration of 6-aminocaproic acid -

in the mixture is generally between 2 and 40 wt.% and
preferably between 5-30 wt.%. The agueous mixture can

also

contain between 0 and 20 wt.% 6-aminocaproamide

and between 0 and 2 wt.% 6-aminocaproate ester, between

0-15

wt.% g—caprolactam, and between 0 and 10 wt.%

oligomers of 6—aminocaproic acid and/or 6-
aminocaproamide. These compounds can also
advantageously be reacted to e—caprolactam by
cyclization under the same reaction conditions as are
valid for 6-aminocaproic acid. If these compounds are

also

present, the concentration of 6-aminocaproic acid

is preferably between 2-20 wt.%.

More preferably, the aqueous mixture

comprises between 2-20 wt.% f—-aminocaproamide, between

2-15

wt.% t-caprolactam, between 2-15 wt.% 6-

aminocaproic acid, between 1-8 wt.% oligomers, and
between 60-90 wt.% water.

acid,

The total concentration of 6-aminocaproic
g-caprolactam, 6—aminocaproamide, 6-aminocaproate

of



The additional al cohol inproves the solubility of the Cerr]-Cerr]

al kyl 5-fornylvalerate in water. The hydrogenati on cat al yst

i s preferably a supported or non-supported catal yst conprising a netal
5 -from G oup \4,65.{ t he Periodic Table of elenments, for PERNIN7/00056

ni ckel , cobalt, enium plantinum palladium and iridium Preferably
ni ckel, cobalt or rutheniumis used. Mor&®e preferably a ruthenium

conpri sing catal yst is used. 10 The (err]-Cerr] alkyl
group may be for exanple met hyl , ethyl, propyl, iso-propyl, n-butyl,
tert-butyl, I so-butyl, pentyl or cyclohexyl. Preferably nethyl and

ethyl groups are yspforsgomers, ONaurA8gCeFRPEEAE Qb Ofs T he aqueous
m xture 15 after separatl ng. the algo g V\g rqxtur may
be used as feed orPEREATEAPAY RPRVEFR ?‘6‘?“‘“#(9” 5@98?‘ J:)jlt‘itltt‘) more
concentration of Grsfierabdyr betweendabout |0 ind nbnnbrgmtgb-nemslty
between 2 and 40 e Gibny, tRECEBRAPAY:DRIIPAR Bndlevhnde T viqugoUS

m xture can 20 also cont ai bet ween m noca oam e

and between 0 &nd @%emm@n&ﬁf‘ﬁﬁéﬁﬁ%a}%"%ﬁ are B@E’RBE geous
[err]-caprol act amsrﬁndmetpmns@ eguiffent .@4n be uskdgoners of

6-am nocaproi c acid and/or Gme oﬁﬂlnﬁ’&aﬂi %Ea@ﬁteah%egm@% can

al so 25 advantageously be reac to [err]- Sap i zation
under the same redexiCen2tkaBPl | B FOT © P/]g?‘l ?%“éldnﬁﬁgeéﬁ*bl c
acid. If these conpropuisolar dutanolal penparskrdr, helxancdncentasitamwn of

6- am nocapr oi g ACI g oyatid Sal%@ﬂ‘o&f aby BLAMPRS, Pnedoll - YmeR 65

More preferabl’y, the aqueous m X bet en 2 . %

6- ami nocapr oani de, 2BERQRARFOiC acéﬁlgsmfb§5¥¥§gas?ﬁ£%i 3“1 b tmeen 2-15
W . % 6- am nofapmyl valaxate bs&neeqrlsfbmnndmaﬂqrgsﬁeﬂsteanthe
bet ween 60-90 W . %)@bKé1 3 generally the [AEcdr¥lalwniehCeBtfespoadiwith
6- am nocaproi c
the ester group of these esters. Generally, these
15 corresponding alcohols are methanol and ethanol.
The starting agueous mixture comprises at
least about 1 wt.% of alcohol. '
Separating the alcohol may be performed by
~any known method known to the man skilled in the art,
20 for example, distillation or stripping, for example,
steam stripping.
Preferably, the alcohol is removed by
stripping the aqueous mixture with steam. In a
commercial large scale process, the stripping
25 preferably involves the continuous counter current
contacting of the agqueous starting mixture with
upflowing steam in a vertical positioned column, in
which at the top a water/alcohol stream and at the
bottom an alcohol-poor aqueous product stream is
30 obtained. Steam stripping is advantageous because the
alcohols can be removed very effectively and because a
convenient concentration of the e~-caprolactam
precursors and e-caprolactam in resulting aqueous
mixture can be obtained such that the aqueous mixture
35 can be directly used in the cyclization. 1In this
process, ammonia is also removed to a large extent.
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PCT/ NL97/ 00056 -5- and oligoners, if
present, during cyclization is pref erably between about 5 and about 50
;mﬁ.@b and nor §yogngeyef €rably between about 10 and about 35 ﬁﬁnﬁhwwhﬁk
‘preferably, the concentration is above about 15 wt.% 5 Highe

concentration | evels are advant ageous because- smal | er process equi pnent
can be used. The al cohol to be separated is generally a
Cerr]-Cerr] alkanol such as, for exanple, nethanol et hanol ,

propanol, butanol, pentanol or hexanol, or an 10 aromatic al cohol, for

exanpl e, phenol. \Wen 6- C | e fron1a
5- formyl val erate ester orggbgﬁaggég+ #gfég ggngQL?%g ﬁhfﬁéﬂl dEQt
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about 1 wt.%of a co I'ng the

performed by 5 S$PRAKHARS ﬁé@h@ﬂ9@96ﬁﬂdtQPQ4H§Qﬂ&ﬁs§kPFPEGSiYPtHR9QQﬂ§ 20
for exanple, distedquipment dis Tieguipeddand dthe stgale stx ippbhgais Jddrieppi Ng.
Preferably, the Q$ffHE¥iJéSd@e@ﬂﬁﬁdpQXseu:a.Str'pp'ng t he aqueous m xture

with steam In a

The temperature for cyclization is generally

between about 200 and about 350°C. Preferably, the

10 temperature is between about 270 and about 330°C. More
preferably, the temperature is higher than 280°C,
because higher selectivities to es-caprolactam and thus
a higher overall yield to e-caprolactam is obtained.

The pressure for cyclization is preferably

1S Dbetween about 5.0 and about 20 Mpa. Normally, this
pressure will be greater than or equal to the resulting
pressure of the liquid reaction mixture and the
temperature employed. The pressure is so chosen that
the resulting product stream is obtained as a liquid.

20 Preferably, the process according to the
invention is performed continucusly.

The cyclization can be performed continuously
in process eguipment resulting in high and low rates of
backmixing} for example, in a (or optionally a series

25 of) well mixed tank reactor(s) or a tube reactor.

Preferably, the following steps are performed
continuously:

a) separating the alcohol from the agqueous
starting mixture;

30 b) feeding the resulting aqueocus mixture to
a reaction zone in which the cyclization is performed;

c) separating s-caprolactam from the
aqueous mixture leaving the reaction zone; and

qa) recycling the mixture poor in ¢-

35 caprolactam obtained in step c), comprising unconverted
6—aminocaproic acid and oligomers, to the reaction



commercial large scale process, the stripping 25 preferably involves the
conti nuous counter current contacting of the aqueous starting m xture
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~aqueous product streamis 30 obtained. Steamstripping is advantageous
because the al cohol s can be renoved very effectively and because a
conveni ent concentration of the [err]-caprol actam precursors and
[err]-caprolactamin resulting agueous m xture can be obtai ned such
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6. The st R RiXLEHTE, POLL bﬁné?%ﬁ??{ﬁ‘é%’& fRkaiped in ,
pressure between agbépnt) pmessalkso aohtalicuf-anindfaproanidendndyor &-
preferably, at neag, EHPéﬁaﬁﬁiC condi ti ons. The pressure is not very

critical, but near atnospheric 5 conditions are preferred_becausg |ess
expensi ve proce3s equi prERR ??Fﬂﬂﬁﬁiﬂqéamaﬁﬁnthg %ﬁ&ﬁﬁﬁi?ér?ﬁﬁ?n ?s nore
effective at this peastiion. mixture obtained Pecyehizatian dy,ofotycl i zati on
i's general |y beluRpRoa0eHys 00 At 0 exBpALELad Gr Byeferably, the 10

. ¢
Lhe tenperat Ure | s SASEALIAEhAR: 2dBIAMRLRE Of POBELBLS exAAEion pREEFS! (| ot
to [err]-caprol act areamdthpliene chloride, cyclohexane, toluene, benzene,

10 chloroform or trichloro—ethene.

Preferably, not all of the e~caprolactam is
separated from the mixture obtained by the cyclization
if the e-caprolactam is separated by distillation. It
has been found that the oligomers are more easily

15 handled when the distillation residue is mixed with
some e—-caprolactam. Preferably between 5 and 50 wt.%
e-caprolactam is present in the residue. By performing
the process according to the invention, it has been
found that almost no build-up of oligomers in the

20 circulating mixture takes place and that the overall
yield to e-caprolactam of practically 100% is possible
based on the 6—aminocaproic acid, 6—aminocaproamide,
C,~C¢ alkyl 6-aminocaproate and oligomers which may be
present in the agueous starting mixture.

25 _ The invention will be elucidated with the
following non-restricting examples. In these examples,
"mol olig" means the equivalent amount in mol e-
caprolactam which potentially can be formed by that
amount of oligomers. For example, one actual mol of

30 dimer is equal to two mol oligomer because the dimer
can yield potentially two mol of e-caprolactam. The
following abbreviations will be used: 6ACA = 6-
aminocaproic acid; 6ACAM = 6-aﬁinocaproamide: M6AC =
methyl 6-aminocaproate; 6-N-Me ACA = 6 N-methyl

35 aminocaproic acid; and 6-N-Me ACAM = 6 N-methyl
aminocaproamide.



a higher overall yield to [err]-caprolactamis obtained. The
pressure for cyclization is preferably 15 between about 5.0 and about 20
Mpa. Normally, this pressurée will be greater than or equal to the

resul ting of the liquid reaction m xture and th 100056
tenperature enﬁ%@@é@&gThe pressure is so chosen that the%Fg€%f¥lng
product streamis obtained as a liquid. 20 g - Preferably, the
process according to the i nvention is performed continuously.

The cyclization can be performed continuously i n process equi pnent
resulting in high and | ow rates of backm xi ng, for exanple, in a (or
optionally a serigs_25 o{) well m xed tank reactor(s) or a tube reactor.

Preferably, the f steps are perforned _continuously:
a) separating the al cohol 49 raramsh®faJuubhsrutheninumon aduminauvere 30

b)  feeding the iaedblhfgdapheOus YiverUlEst6lloy-C T daRt®ri.OAEEAPELhE Whi Ch
the cyclization is aratin

Qr ned; C se
err]-caprol acta e u S edct °§one;
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PCT/ NL97/ 00056 %brmylvaferaf:ae, 34 vt . ammox\%%_ando’qlg w?{:.gsoﬁlg.thanol in
water, was fed continuously to the reactor. The reactor
was kept at a constant pressure of 3.0 MPa by a
10 hydrogen stream 0f 10 grams per hour. The reaction was
performed at 120°C. A yield of 97% to e-caprolactam, 6-
aminocaproic acid, 6é-aminocaproamide and oligomers

(desired products), was obtained.

15 Example IT
50 grams of Raney-Nickel were introduced in a
1 liter Hastelloy-C reactor. An agueous stream of 847
grams per hour, consisting of 5 wt.% methyl-5-
formylvalerate and 20 wt.% ammonia in water, was fed
20 continuously to the reactor. The reactor was kept at a
constant pressure of 1.5 MPa by a hydrogen stream of 10
grams per hour. The reaction was performed at 100°C.
The yield of desired products was 96%.

25 Examples I and II illustrate a combined
hydrolysis/reductive amination of methyl-5-
formylvalerate in which an agueous mixture is obtained
comprising methanol and é-aminocaproic acid (and other
precursors to e—caprolactam).

30 Example IJI

Methanol and ammonia were separated from a
feed consisting of 5 wt.% CAP, 20.8 wt.% 6ACA, 10.0
wt.% NH,, 0.03 wt.% oligomers, 0.1 wt.% 6 ACAM, 9.1
wt.% methanol and 55 wt.% water by feeding an Oldershaw

35 sieve tray column (6 cm diameter and 20 trays) at
atmospheric pressure at a rate of 1820 g/hr. The



The mxture poor in [err]-caprolactam obtained in step ¢) may al so
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by 'cyclizationEslqu%%@é73 exanpl e, crystallization, extracti o056

distillation. of possible extraction agents are nethyl ene
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means the equi val efongepiratiannpbe the hattom stregmorag arlygednand

potentially can be doptagdely 40hgpm methadiGAUNt TRE Bt LN Bt eamOhag@xanpl e,

one actual Mol 18! dded T2 k9 CHURL O iRnTR GLIGHT. DREURE el ™
can yield potential Ty two imol "o err]-caprolactam e of | oWy
abbrevi ations wi || 93d99%ed: apACh ACAM was foypfAnde phe ko @EtgeapacAlr =
6- am nocapr oam de; aMmdnia was an®lyyedd Gratheoboptonse; The\bdetdA = 6

N-met hyl 35 aninOQ%&BQthﬁQLdﬁagnﬂb6%&¢ﬁﬂ% %9éwggp6tgﬁﬂg¥ggﬂre was 70°C.

am nocapr oam de.

15 Example IV
A mixture consisting of 4.8 wt.% NH;, 6.5
wt.% methanol, 66.0 wt.% H,0 and 21.7 wt.% of £-
caprolactam precursors of which 19.6 mol% 6ACA, 36.9
mol% 6 ACAM, 31.5 mol% CAP, 2.4 mol% methyl 6-

20 aminocaproate and 9.6 mol% oligomers was continuocusly
fed for 22 hours to the top of a steamstripper column
at a rate of approximately 550 gr/hr. Steam was
generated in a reboiler of the column. To the column
also 350 gr/hr of fresh water was fed. 1In the

25 steamstripper column the liquid product stream was thus
contacted with an upflowing stream of steam. The
bottom temperature in the column was kept at 100°C,
The liquid bottom stream which left the steamstripper
at a rate of 742 gr/hr did not contain any detectable

30 amount of methanol and NH,. The concentration of e-
caprolactam and g—-caprolactam precursors in the liquid
bottom stream was 22.1 wt.% in water (1.33 mol/hr).
After 22 hours, 16.3 kg of this mixture was collected
containing a total of 29.26 mol of s-caprolactam and e-

35 caprolactam precursors (3.3 wt.% 6ACA, 9.3 wt.% 6ACAM,
6.9 wt.% e—caprolactam and 2.6 wt.% oligomers).
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Exanpl e | 40 granms of 5 wt % rut heni um on al um na were
~introduced in a 1l liter Hastelloy-C reactor. After the addi ti on of
“water, the cat@b%ws prereduced at 140[err]C 5 during lachREs%ooose

Subsequent |y, an aqueous stream of 775 grans per hour, consisting of 25

wt . % net hyl - 5- fornylval erate, 30 w -96l@monia and 7 wt. % net hanol in

wat er, was fed continuously to the reactor. The reactor was kept at a

constant pressure of 3.0 MPa by a 10 hydrogen stream of 10 grans per hour.

The reaction was performed at 120[err]C. Ayield of 97%to

[err]-caprolactam 6- @.‘Hz!&oii‘&ﬁ?acmﬂpé&e Q:a%”haﬁcé@ﬁf’ﬁm&l?slfinﬂlo a

ol i goners (desj rodu was_ obt ai ne
30 Srams of Raneyb MY GURI IBAEIBR RORFSAr SE o TaCe; OF SpRPHImAPLE
react or An aquednd sjzr,ﬁmnamfd 84Temperapunss qfc30080r, Thesewtliwptdfons wt. %

met hyl - f Or\'ﬁ?’é \&H 1 13 o%@d £038687 W'anbgtV‘ﬁBeﬁacmfl% 20
cont i nuousl y to the reactor. The reactor wai constant
pressure of 155 Npp 2 Gttoaeﬁeél “ﬁ)°f aPQFSﬁ\‘sm?)"e? Yo, The

reaction was perfmrnmrbsa.t TetperatGre was held essentiatlyi ebmstantdesired
products was 96%yj+¥Suse of an oil BXERP! q&gera@q,ohhniglgi,@trate a conbi ned
depressurizing, the average composition of all the
products present in the liquid agueous stream amounted
10 to 70.5 mol% e—caprolactam, 10.8 mol% 6ACA(M) and 18.7
mol% oligomers. No N-methyl caprolactam was detected
in this mixture.
In two consecutive semicontinuous
distillations, first, water was removed from the
15 product stream and secondly, 2164 gr caprolactam (19.15
mol) was recovered from the product stream. The
residue of the second distillation amounted to 1205 gr
and according to the mass balance should contain a
total of 10.13 mol of es—caprolactam and g-~caprolactam
20 precursors. The caprolactam yield in the first pass -
through the cyclization reactor was thus 65.4 mol%.

Example V
A liquid stream (approximately 550 gr/hr)

25 consisting of 31 gr/hr methanol, 25 gr/hr ammonia, 330
gr/hr HK,0 and 164 gr/hr products of which 14.2 mol%
6ACA, 39.9 mol% G6ACAM, 33.9% CAP and 12,0 mol$%
oligomers was continuously fed to a steamstripper
column as described in Example III. Alsc 350 gr/hr H,0

30 is fed to the steamstripper column (bottom temperature
is maintained at approximately 100°C). The remaining
aqueous bottom stream having a rate of 742 gr/hr
contained a total of 22.1 wt.% of e-caprolactam and e-
caprolactam precursors (1.33 mol/hr).

35 This mixture was continuously fed to a plug
flow cyclization reactor as in Example II. Also, 85



hydro| ysi s/ reductive am nation of nethyl-5- formylvalerate in which an

aqueous m xture i s obtained conpri si ng net hanol and 6-am nocaproic acid
(and ot-her precursors to [err]-caprolactam). 30 Exanple Il

: Met hanol and a%&%re separ at ed froma f eed consi sti pgTmiLoT00086. %0

. CAP, "20.8 wt.% .% NH err], 0.03 wt.%oligomers, 0.1 wm.%
6 ACAM 9.1 . % net hanol and 55 wt. %vléte'r by feeding an O dershaw 35
sieve tray colum (6 cmdiameter and 20 trays) at at nospheri c pressure
at a rate of 1820 g/ hr. The WO 97/ 30973

PCT/ NL97/ 00056 -9- reboiler in which

stream was gener at e h I Th
over head vapor ms&plﬂifgﬁf%ﬂh%tt%?{ tv\gii‘gﬁéﬁ)ﬂirg o agre&ygpép gerl ese
t he first was @bet ipn Fess nésﬁﬁt'é? Péﬂ%r?éf ﬂgg fh‘gfosw%gcond
with a cool ant at Peertd Glercydlization :emimlsat Mhvms, ovefakkthlkdiol . 1036
g/hr of water was %Cemé%&d’@c mixt'ix%QO'(hfr I&ox%roahetguluas g&e Rt tons.

The net hanol atron in the ottgg%str am was an

cont aj ned 40 pphm rrE{‘ﬁa?ﬂb‘F 1%%?93& OFr é fﬁ"P&f@%&?ﬁﬁ“‘g/%r of
which 80 wt. % H[ er caproNec €, pre@asors apndi §dregr /Ard HaONCAM was found in

the top stream No aMmmoNpe 13281 680vad ddre i balBat THeo €O tign
tenperature was 10M£errLg a{] da trheesi:[do ctee@ggaé aeppvgetl:sxlmakeiy]go
minutes. After cooling and depressurizing, the
10 effluent of the cyclization reactor was analyzed. The
mixture consisted of 70.5 mol% s-caprolactam, 10.8 mol%
6ACA(M) and 18.7 mol% oligomers.
This cyclization mixture was continuously fed
to two consecutive vacuum distillation columns. 1In the
15 first column, the solvent (H,0) was removed. From the
second column, e—caprolactam was recovered at a rate of
150 gr/br (1.33 mol/hx).
The distillation residue obtained as the
bottom stream in the second distillation (containing
20 approximately a total of 0.715 mol/hr e-caprolactam and
g-caprolactam precursors) was continuously recycled to
the cyclization reactor (see above) at a rate of 85
gr/hr.
Thus, virtually a 100% caprolactam yield
25 could be obtained in a continuous reductive amination
and cyclization process using a steamstripper to remove
methanol before the cyclization and by recycling of the
distillation residue after recovering part of the g-
caprolactam,
30 The above results were obtained 3 hours after
the continuous process stabilized.

Comparative Example A
The starting mixture of Example II was
35 continuously fed to the cyclization reactor at a rate
of 500 gr/hr and at a temperature of 300°C without



15 Exanple 1V A mxture consisting of 4.8 wt.% NHerr], 6.5
wt. % nmethanol, 66.0 wt.% H err]O and 21.7 w.%of [err]- caprol actam
precursors of which 19.6 nol % 6ACA, 36.9 nol % 6 ACAM 31.5 nol % CAP,

2.4 nol % net h)q, & ami nocaproate and 9.6 nol % ol i goner s WweeT/RDNobE3EOUS| Y
“fed for 22 hours”to the top of a steanstripper colum at a rate of
approxi mately 550 gr/hr. Steam was gendBated in a reboiler of the
colum. To the colum al so 350 gr/hr of fresh water was fed. In the 25
steanstripper colum the |iquid product streamwas thus contacted with
an upflow ng stream of steam The bottom tenperature in the colum was

kept at 100[err] Goreormifg th uﬁf@&ﬁ“éiﬁiéyiEQQ”]5HLC8Y¢fg£a€ﬂB% was
st eanstri pper at .a.rafe 742]e19r r “di d "not ((‘omlal n any detectabl e 30
amount of et han&laréﬁﬁdNPi["Er?P FeREERPEN {BHMPRY (42 capr ol act am

and [err]-caprol backmigivag)r sbra constent itemperatureoef ol®IG eam was 22. 1

w.%in water (1.33i13RbAR6Y with £hé WadofQW 9i1lBaBnky #fpddsurel sEure
was col |l ect ed containing a total _of 29.26 | _qf Ler r%-ca ol act am and
[err]- 35 caProlldctEd ﬁP@chsBr tegxdency .WA&, 3§.§ Brtegsa 6.9

W . % [ err] - caprolgfflaienandeavngt the otyghivation reactor wiB FHEEA/3
PCT/NL97(00056 do nd depressurized to ambientOconditions. The Thi s
liquid m xture was ‘?‘eg cont i nu?us. tg a\‘l .
average composition of all the products present in the
liquid agqueous stream amounted to 65.9 mol% CAP, 5.1
10 mol% of N-methyl caprolactam plus 6-N-Me ACA plus 6-N-

Me ACAM, 10.8 mol% 6ACA(M) and 18.2 mol% oligomers.

By vacuum distillation, H,0, NH, and methanol
were semicontinuously removed from this liquid agueous
mixture. From the bottom stream of the first

15 distillation 2515 .gr e-caprolactam (22.26 mol) and 234
gr N-methyl caprolactam plus 6-—N-Me ACA plus 6-N-Me
ACAM (1.84 mol) were recovered as top stream product by
a second vacuum distillation. In the second
distillation, 1464 gr residue (bottom product) was

20 obtained, which according to the mass-balance contained
12.3 mol equivalent monomeric products. Analysis of
the residue showed that CAP, 6ACA, 6ACAM and oligome;s
were present.

While the invention has been described in

25 detail and with reference to specific embodiments
thereof, it will be apparent to those of ordinmary skill
in the art that various changes and modifications can
be made therein without departing from the spirit and
scope thereof.



pl ugflow cycli zati on reaetor—at--a—+ate—of—approxi mtely 500 gr/hr and a

tenperature of 300[err]C  The c | | was carried out at 300[err]C,
wi'th alnmost no back nixinéulﬁﬂuﬂ Em ﬁglb; a residence time of
approxi mately 30, I nut §SN% s hel d essenti al | poi0608E

w th use of an 0|?7 ath. After cooling and depressuri zing, the average
conposition of all the products presentl3 mthe |iquid agueous stream

amounted 10 to 70.5 nol % [err]-caprolactam 10.8 nol % @/l 'wmh NEEM |
nol % ol i gomers. No N-met hyl caprol actam was det ect ed N B ,%%9?@
In two consecutive seni continuous distillations, fi A2k s
renoved fromthe 15 product strean1and<§qun$lu,32164 gr caprol actam (19.15
nol) was recovered fromthe product stream e resi due of the second
distil]ation anbunted to 1205 gr and according to the mass bal ance
shoul d contain a 1. t3tafoe#ss (For3 thel poepiration Qf si-gepsanlantam

[err]-caprol actam 20 pEgELis® from ANQ 1GANACAQEIGB YiiktdriencbRtain{®d pass

t hrough the cygclizatiopn_r h 4 o1 : \

AT Dauid tredin (appr AR rarEreP iR s AR RBedotBie tacia by, oRiE{Fafion

met hanol , 25 gr/hr ammefi 6;asbwpcaproigr aApidH »rhe0 agueousimgrture roduct s
of which 14.2 mol %  an6éfévatidl Leilpe¥ablEéM cluxsdzARZoandnlendt "BASO

ol i goners was continuously, fed. 10 . a_stea rippaer col u s_descri bed
' Bxampie 111 A so a85caprhrid rbagatedr LEoR Diie aquechy BTREELPS ol um
(bottom tenperature  wixfurehefiorenPerioraphe oshermwaljizagdpar tp Guchhe
remai ni ng 10 aqUEOUS oROEADMBAY GO dencBdtPat Bore o ald¢dhol/ hh the

contained a total of 22@}?@@3 Z%ﬁ;th\lr:)%f E&giﬁ&r%&w&fé’f%ﬁikﬁr ik 1088

caprol act am precursors S mXture was
continuodusly fed to a phag 1 wt%{|.ow cyclization reactor as in Exanple I1.
Al so, 85 2. A process according to claim 1, characterized in

that the concentration of said alcohol during the

15 cyclization is less than about 0.1 wt.%.

3. A process according to any one of claims 1-2,
characterized in that the aqueous mixture during
cyclization comprises the following components:
(i) between 2 and 15 wt.% 6-aminocaproic acid,

20 {(ii) between: 2 and 15 wt.% e-caprclactam,

(iii) between 2 and 20 wt.% of 6—-aminocaproamide,
{iv) between .1l and 8 wt.% oligomeric components,
and

(v) between 60 and 90 wt.% water.

25 4. A process according to any one of claims 1-3,
characterized in that said alcohol is a C,~-C¢
alkanol.

5. A process according any one of claims 1-4,
characterized in that said agueous starting

30 mixture is obtained: (i) by reductive animation of
5-formylvaleric acid or 5-formylvalerate ester, or
(i) by reduction of 5-cyanovaleric acid or 5-
cyanovalerate ester.

6. A process according to claim S5, chracterized in

35 that the aqueous mixture is obtained by contacting
the C,-C¢ alkyl 5-formylvalerate with ammonia and

B 5
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- 11 - gr/hr (ap 7 nmol /hr) of a recycle
di'sti] I'ati on residue (seﬂlmmmnmmmgr/ hr H20 were fed to the
cyelization rqa&é Thus? overtal I" 1£41* gr/hr product m gépriBorodessS
wt . % pr oduct s) d to 5 the cyclization reactor (249 gr/hr '
[err]-caprolactamand [err]- caprol act a@ precur sor s_and. 8392 grlhx
Herr]O. The cyclization was carried oJtyHie SHEQ[ er r'] BEEN.
MPa and at a residence tinme of approximtely 30 m fut es. REPLAsLgcool |
and depressurizing, the 10 effluent of the cyclizati onr
anal yzed. The m Xt ur onglsied of 70.5 | % [err]-canrolactam 10.8
nmol % 6ACA(M and k&f%ﬁgf‘%igl .Eg%r%‘iese"“ & { LY ::Aga is‘mcycl i zation
m xture was conti nuouSefyai¥gt in aowater asdyeatei ve vacuumdistillation
f’ﬁ' ums. In tge 17|5. f iar plroeebENAccbh@i sl athl 6) r&ﬂte}(’&%ﬂi&@@?- Fr igno_
e second col um, rel-c act am recqyv arate o
gr/hr (1.33 nol/hr). thL% tke gg&giy%#mf%ﬁ%i%sfsa?ﬁg%g€5§$ﬁue obt ai ned as
the _ bottob st-eamh Progesscasaerding itia anvoenecehtedaing 627,
approxi mately a total chardctédia/ i {1iY ImetdPLObacbEy Plerate is
[err]-caprolactan1pre% Z%Qrs) was continuously recycled to t he
cyclization reactor (see€e above) at a rate of 85 gr/hr.
Thus, virtually #100% PX9cEPacaaaPyaing ts anyoong 08 laiMsdd8in a
continuous reductive aRatdcteBized iANEhaty Jaidlsefar Pt Do Etalsiiadad

steamstrippejato reMyG qam stripping step.

10. A process according any one of claims 1-9, said
elevated tempsrature is between about 270°C and

330°cC.
11. A process according to claim 10, wherein said
15 temperature is higher than 280°C.

12. A process according to any one of claims 1-11,
further comprising the steps of (i) feeding the
ligquid agqueous mixture poor in alcohol to a
reaction zone for said cyclization step, (ii)

20 separating said e-caprolactam from the effluent of
the reaction to yield a e~caprolactam poor mixture
comprising 6~aminocaproic acid and oligomers, and
(iii).recycling said mixture poor in es-caprolactam
back to said cyclization reaction zone, wherein

25 the following said steps are performed
continuously: separating said alcohol, feeding
said liquid aqueous mixture poor in alcohol,
separating said g-caprolactam, and recycling said
mixture poor in e—caproléctam.

——
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eLhancl perore he cyoflbat i on and by recyel ing 82& o . VRN Illﬂﬂlﬂﬂllll Il

‘The above results were obtained 3 hours after the continuots Prdceds
stabilized. Conparati ve Exanple A The starting

m xture of Emachbsuté has 35 continuousl ypEedNLe 7100 06G! isaatéWwn) react or
at a rate of 500 gr/hr and at a tenperature of 300[err]C w thout

WD 97/ 30973 PCT/ NL97/ 00056

- 12 - per f orm ng the st ‘eam-sthriendeady pagee kycl i zati on was

carried out-in a plugflow reactor (al nost no backmi xi ng) at a constant

tenperature of 300[err]C nalntalned wth the use of an oil bath), a
pressure of 5 10 MPa and® Sf APRO i FROMIe

effluent |eaving the cycI|iat{onfrgagﬁgﬁoéggRgQ@Ig@ID down and

depressuri zed to anbi ent conditions. The average conposition of all the
products present in the | i qui d agueous stream anounted to 65.9 nol %
CAP, 5.1 10 nol % of mheeuhwlentd@hoh:aqh@@spltusaGpMd&s%C&@lpﬁe@afé Me

0 :
G ot 11 at 1 one- FRBFPLOE R BEPECAR REPRaAoR 1 0uia, 2E0S0HR SEHE RSl y
renoved froncohtsihingi d Sgu@puwslcoholniandiée.anfmmuag botdobdsbyeam of t he
first cyclization of 6-aminocaproic acid in the aqueous mixture at
an elevated temperature.
Such a process is described in U.S. Patent No.
4,730,040. This patent-publication describes a process in
which first methyl S-formylvalerate is hydrolysed in an
aqueous medium to methanol and 5-formylvaleric acid. In a
second step, the aqueous mixture obtained in the first step is
contacted with ammonia and hydrogen in the presence of a
hydrogenation catalyst. In this step 6-aminocaproic acid and a
small amount of e-caprolactam is obtained. The resulting
agueous mixture, which mixture will contain the methanol
formed in the first step, is heated to a temperature between
150 and 370°C at which temperature 6-aminocaproic acid reacts
by cyclization to e-caprolactam.
A disadvantage of this process is that the
resulting e-caprolactam contains an undesirable amount of N-
methyl caprolactam. It has been found that these by-products
and its precursors, N-methyl 6-aminocaproic acid and N-methyl
6-aminocaproic acid amide, are especially formed when
performing the cyclization reaction at the elevated
témperatures. The presence of these N-substituted caprolactam
by-products has a negative influence on the ¢-caprolactam
- yield and makes the resulting e-caprolactam less suitable to
be used as

AMENDED SREET



15 distillatioén 2515 err]-caprol actam (22. 26 nol)

N- et hyl caprol act am pl 6- N-Me ACA plus 6;N-Me - A( (1. El“lll“"mm“w”““'
recovered as top stream product by ‘a second vacuum distillatibn.tIrttHhe *
second distillation, 1464 gr residue (bottom product) was 20 obtai ned,
whi ch accor ss- bal ance cont ai P@T/NL97/022036r0B40§W0Oval ent
nononmeri c products. Anal ysis of the resi due showed that CAP, 6ACA,

6ACAM and ol i gomers were present. VWil e the invention
‘has been described in 25 detail andAwendedefdpdmse to specific enbodi ments
thereof, it will be apparent to those of ordinary skill in the art

-that various changes and nodifications can be made therein wthout
departing from t e REPFEES afer the RreparahieRopf €-caprolpelpgsstaxting

PCT/ NL97/ 00056; Bge&ix 1i uld aqueous mixture conﬁ&&ﬁﬂﬁ@ GIQJHE alcdholA
process for the preparati on of

% ]-ca rolactaix Ertln%f 6-
liquid aqueous m XPTr2 RBLPAFAPRGG ®F PYCfXF {2aF¢8ho a@%ﬂPcaPr°1c
6- am nocapr oi c acadlbylnythezaqueousfmﬁxaﬂreoaapanielevataanuémpeﬂdunre,

aleonol 1 separ rHERfesr EREd LATBRRRLERE: agcopof 57 BT A, RANR cid'®
performing the aquequsls&arbmngomsuthrexbeﬁorehaarﬁngﬂu@nbéﬂkiat|on of

3135h0|'in the aqHﬁfozQEf&HrEodgﬁbﬂgeﬁggnﬁyﬁhhﬁaﬁhgncb%centr&ﬁ%ﬁhté?”'1

alcohol in the aqueous mixture during the cyclization is
less than 1 wts. .

2. A process according to claim 1, characterized in that the
concentration of said alcohol during the cyclization is
less than about 0.1 wt.%.

3. A process according to any one of claims 1-2,
characterized in that the aqueous mixture during
cyclization comprises the following componehts:

(i) between 2 and 15 wt.% 6-aminocaproic acid,

(i1) between 2 and 15 wt.% e-caprolactam,

(iii) between 2 and 20 wt.% of 6-aminocaproamide,
(iv) between 1 and 8 wt.% oligomeric components, and
(v) between 60 and 90 wt.% watex.

4. A précess according any one of claims 1-3, characterized
in that said aqueous starting mixture is obtained: (i) by
reductive amination of 5-formylvaleric acid or 5-
formylvalerate éster, or (ii) by reduction of 5-
cyanovaleric acid or 5-cyanovélerate ester.

5. A process according to claim 4, characterized in that the

~ aqueous mixture is obtained by contacting the C,-C¢ alkyl
5-formylvalerate with ammonia and hydrogen in the
presence of a hydrogenation catalyst in a water solvent.

6. A process accoiding to claim 5, characterized in that the
catalyst comprises ruthenium.

7. A process according to any one of claims 5-6,
characterized in that methyl 5-formylvalerate is used.

'AMENDED SHEET
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2. A. process accor di n,o claim1, characterized in t thﬁ
concentration of said altohol during the cyclization IS‘ M’mnm'""l’””m
about 0.1 w.% 3. A process according to any one of

characterized in that the aqueous m xture during cycl | zat | on conpri ses
the fol | ow nEncbopunen®s?2 (i) bet weenP2TANG:OTF 0W05%;6-8DEWE apr oi C

aci d, (i) between 2 and 15 w.% [err]-caprol actam - (i.i1) between
2 and 20 wt. % of 6-am nocaproam de, (iv) between 1 and 8 w.%

ol i goneric components, and. - A(ﬂe;ldﬁét Reaams0 (gpatdbuRd) o wat er . 4. A
process according any one of clains 1- 3 charactert zed in that said
aqueous starting mxture is obtained: (i) by reduct I ve am nation of
5-fornyl val eBic adi BXeFess accorp@,ngwt\gaap@yapgeegtferc a3 i39)7 by reduction

of 5- cyanovgh@lia@ taeiided i EHAR0GAIRY epagsitdion Btep APIHCHSSam -
according to cl ai ?FF' character| zed in that the aqueous m xture is

obt ai ned by conta ] Cerr]-al kyl 5-fornylvalerate with
ammoni a and bydrog.eprlora:etsfm accorcﬁ.lr@sejme cofe @ fhydretigenat+oOn saidl gbévabea

wat er sol vent. I ) acc tQ,cl ai h ed in that
t he cat al yst t?@% g‘é%r .aboR% :Eocess 3""? 324 é to any one
of clains 5-8p. A pmwmaqm.ung tth:atclma'nmw, SeHearent \ad b atempera‘sade

Encl osure 2.2 GH M7/ 00056; 8406WD
her t
Anended C ai ﬁ _(con In 13 5)1: hatl <

A process according to any one of claims 1-10, further
comprising the steps of (i) feeding the liquid aqueous
mixture poor in alcohol to a reaction zone for said
cyclization step, (ii) separating said e-caprolactam from
the effluent of the reaction to yield a e-caproléctam
poor mixture comprising 6-aminocaproic acid and
oligomers, and (iii) recycling said mixture poor in e-
caprolactam back to said cyclizatioh reaction zone,
wherein the following said steps are performed
continuously: separating said alcohol, feeding said
liquid aqueous mixture poor in alcohol, separating said
e-caprolactam, and recycling said mixture poor in e-
_caprolactam.
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8. Aoprocess according to any one of clainms 1-7,
thqr sai d separation step is a steam
accordlng any one of clains 1-8,

about 270[err]C and 330[err] C. 10.
said tenperature
any one of clains

s hi gher,
!’Gﬁ' further

strlpplng step. 9.
said el evated _
A process according to clai

Eﬂﬂﬂm@%ﬁéﬁéﬁ%&%ﬁéﬁgﬂgﬁ@pS of (|)‘

char ac®RQ 8 PP -
A pR3¢ELs
ffHEPVben

t enperat ure [

B OCessS

the |iquid aEHERNATIONAL mmwmpmmnzalmlmmmommmmm

cyclizatiy
ef fl uent
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(54) Title: PROCESS TO PREPARE ¢-CAPROLACTAM FROM §-AMINOCAPROIC ACID

(57) Abstract

Process to prepare e-caprolactam starting from a liquid aqueous mixture containing an alcohol and 6-aminocaproic acid by cyclization

of 6-aminocaproic acid in the aqueous mixture at an elevated tempera

ture. The alcohol is separated from the starting aqueous mixture

before performing the cyclization to such extent that the concentration of alcohol in the aqueous mixture during the cyclization is less than

{ 1 wt.%. The advantages include reduced amounts of undesirable by-product.




