MC/ ag (28669) AE 7726 5 . PROCESS FOR THE PURI FI CATI %78: ,f\
WATER- [ er r ] - CAPROLACTAM M XTURE The invention relates to a process for fﬁ§
10 purification of e-caprolactam which involves hydrogenation of a -
mater-[err] cmg&;géu%jgggg ture with hydrogen in the presence of a

Het er ogeneous "hydrogenation catal yst. To obtain [err]-caprol actam of the
purity required for polynerization to nylon 6, inpure [err]-caprolactam 15
prepared by for exanple Beckmann rearrangenent of cycl ohexangpe7pzgne, is
subj ected to a nunber of purification steps. One of these purification
steps is the hydrogenation, as referred to here, of a mxture consisting

substantiably of water andPRECESSCEOROTHERPURERTCATION cOF Ainsat ur at ed

i mpurities. Hydrogenation of Wele - H@ HhpEes are carried out
to hydrogenate these unsatura e | npure
[err]-caprolactam The presence of these unsaturated conpounds are

di sadvant ageous because they can inpair the physical- 25 nechani cal

properties of the nylon-6 made by polynerizing [err]- caprolactanl The
saturated conpounds  f or MERP bAYRRE R kRIFPHF IR BEPF@SSeEPTi F¥uence
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EP- A- 411455. Biresendd 465 aieim:trertmrtémq)urydnaganmon raxalllyisée- phase

system (gas, |iquid, SO'M')T 1:? agqia(ﬁaé’@agrg%efoﬁe[ ﬁ:fur]ft CaRLAleEam
err Capr e

m xture in which the wat'er gaseous
hydr ogen are peRGcePIyResization ttnnplen ks tinmirgh erdapred as&dMeonsi sti ng

of a suppgst edphd PEkt Uy Of o i S¥fihp L& iBd diGhann rearrangement of
cyclohexanone oxime, is subjected to a number of
purification steps. One of these purification steps is the
hydrogenation, as referred to here, of a mixture
consisting substantially of water and eg-caprolactam and

20 some unsaturated impurities. Hydrogenation of water-¢-
caprolactam mixtures are carried out to hydrogenate these
unsaturated compounds present in the impure eg-caprolactam.
The presence of these unsaturated compounds are
disadvantageous because they can impair the physical-

25 mechanical properties of the nylon-6 made by polymerizing
g—-caprolactam. The saturated compounds formed by
hydrogenation do not adversely influence these physical-
mechanical properties of the nylon-6 and moreover these
compounds are more easily removed in for example a’

30 distillation step following the hydrogenation step.

Such a process is described in EP-A-411455. EP-
A-411455 describes the purification, in a three-phase
system (gas, liquid, solid), of a 75-95 wt.% aqueous g&-
caprolactam mixture in which the water—e-caprolactam

35 mixture and gasecus hydrogen are passed from the bottom
upwards through a fixed bed consisting of a supported
palladium or nickel catalyst.



-2-° AE 7726 In thIS known net hod the anobunt of hydrogen fed
‘fo the reactor is relatively |arge, conpared w th the anount of hydrogen ‘
consuned during the reaction. The residual anount of hydrogen is
incinerated or recirculated 5 to the hydcogenation'reaction.agmife Iatter
case the hydrogen is passed through a conpressor to ensure that it has the
correct pressure when it is returned to the reactor. A drawback of this

. is that | hyd t b d whi i
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efficient and_nore sa process for the purification e- caprolactam 20

Thi s obj ect i S¥EAIRGARedS Passed FPF?PgPhé Ggm@éﬁP§P§cF8n?RﬁP6P fhatult is
contact ed V\Atfha&aaﬂwl%dt)t@c@g@ies%m@ wihie@h ity disogefudng8okyeghen t he

err ca rolacta r ubse uent | y .thi rogen- _containin
En xt Lr e i g cort® z?cf"t é’d:'vm ﬁ{nrtalxi’(%’aﬁ%dl"% cl’rl°f§ éalttlél §§nggﬁrgﬁaFm95 80% 019
t he hydrogen pmfeshydr cdyem m@vhy¢mo@en@tncesha@ hdechdwdddl vedulh themore

vater B £8P dadhamulagiies, BEbeiatle L 10U Jkng huduggenghas been

di ssol ved I n caprolact am m Xt | € 989 of"
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hydrogen is indfif r@as04e1atavR1 t,,l RalrlR raroﬂ@%%s@s&S%Oiisdphsr%Bgea
m xture conprised substantjally wat er err]-caprolactam ,and
amount of hyd rogen in circulation. When the residual
amount of hydrogen is incinerated economics prove to be

15  unattractive because the burning value of hydrogen is less
than the hydrogen cost price.

The object of the invention is to provide a more
efficient and more safe process for the purification of ¢-
caprolactam. _

20 This object is achieved in that first the &-
caprolactam-water mixture is contacted with gaseous
hydrogen, upon which hydrogen dissolves in the &-
caprolactam-water mixture and subsequently this hydrogen-
containing mixture is contacted with the hydrogenation

25 catalyst and that 90-100% of the hydrogen present during
hydrogeﬁétion has been dissolved in the water-¢-
caprolactam mixture. Preferably, 98-100% of the hydrogen
has been dissolved in the water-g-caprolactam mixture.
When.for example 98% of the hydrogen is dissolved in the

30 mixture the remaining 2% of the hydrogen is in the gaseous
phase.

In the process disclosed herein, a mixture
comprised substantially of water, s-caprolactam, and
unsaturated impurities can be purified to yield g-

35 caproiactam of the same purity as the e-caprolactam

~purified by the process disclosed in EP-A-411,455, but
without a large amount of unreacted hydrogen remaining
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unsaturated inpurities can be purified to yield e- 35 caprolactam of the
sane purity as the [err]-caprolactam purified by the process disclosed in
EP- A- 411, 455, but w thout a large anount of unreacted hydrogen: remaining
- 3- AE 7726 after hydrogengtion. This all owggf ei7zgse of
sinpl er reactor equipnment. Furthernmore there-is no néed to install -

equi pnent for reC|rcuIat|ng unreact ed hydrogen or equi pnent for '
incinerating h ess di scLosed herein, the
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gaseous form in the hydrogenation reactor. In contrast to
15 the conventional thinking revealed in prior art, a
quantity of hydrogen that can dissolve in the reaction
mixture under the reaction conditions is sufficient to
purify the e—-caprolactam. Hydrogen is a difficult gas to
compress, due to its small molecular size, and use of less
20 hydrogen also results in improved safety.

The heterogeneous catalyst can be contacted with
the hydrogen-containing reaction mixture in various ways.
Hydrogenation may for instance take place in a stirred
tank reactor in which the catalyst particles are suspended

25 in the mixture to be purified (slurry phase process). A
drawback of the slurry phase process is that the catalyst
particles and the purified mixture must be separated in an
additional process step after the hydrogenation reaction.
Such_a separation step, for instance by means of

30 filtfation, is cumbersome. Therefore, the hydrogenation is
more preferably effected in a fixed-bed reactor with the
catalyst being fixed in the reactor, so that the
additional step for separation of the catalyst and
reaction mixture can be dispensed with.

35 When the e-caprolactam-water mixture is
contacted with the gaseous hydrogen the mixture will
become completely or'partially saturated with hydrogen.
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addi tional process step after 'the hydrogenation reaction. Such a separation
st'ep, for instance by neans of 30 filtration, is cunbersone. Therefore,

t he hydrogenation is nore preferably effected in a fixed-bed reactor with
the catalyst being fixed-in the reactor, §o4that the addition §&f€ for
separation of the catal yst and reaction m xture can be di spenséd h. 35
When the [err]-caprolactamwater mxture is contacted with the gaseous
hydrogen the m xture wi |l becone conpletely or partially saturated with
hydr ogen. -4- The degreeptor whdchhéh@egeastionnwmigiur®e reacti on

m xt ure gener aldehdraliat Weatsatudalted wdtdd By drogest WaeBeddeeR0%0-100%.

Pref erably, th@Pr ﬁ%ﬁgﬁ’Of % turation o% the reacgtion_m xture iS_between

80- 100% The aifo lﬁydrgﬁé 89T &5 &%5 SREREREIATPEL BPE8 WPRFEd8Bend on
tenperature, pmdsdmre dmsd bedwesnt 801905, The amdungecofanhgdrbgen Ihuthaewhen
di ssol ving &he QN it r f ratij ILs_neant, the
per cent age %f gﬁ%§ﬁ§§?haﬁ%§ﬁnun?n§? hf@%%&gﬁghﬁgb eééﬁhgfésg?ggsﬁﬁetﬁga
mxture at a c&ONHaEt1F imes gfetdeuhydrogepr epdutbe Bjx&ddenwheore than the

mexi num anount qifs MYt (RIS BB, WIEnPERCRborbb BRS been
found that the s |UbIL2%%,Of hydrogfn 'n the water-E- caprgfactan1n1xture
i s al nost corrpéra;t‘ﬂr@tvﬁ ) IShdeadty fihe Persenkpgeogénthn paximym amoRBE t he

mxtures 15 weifChydroden whdahedan disisbe vier eacsheamiRtdrBJatOat Bertain
I nvention i@hu%eimrpre %g:ﬁ{i:tei vegof the | errl.ca rql actam coggent éat ion). The
[err]-caprol actantwei p&FE ESFEYTR -t RE RECPS[ BPFP- E8BPoFAEt BAK MW Rur e
(excl udi ng hydesgant ofy hydr2@ene awgeseblisaptia8e wiild bd poesentaprol Aggam
content is advaleadedhdtalt Q%EO@%IQLiQE%§O%%thgarggeﬁ 18" 8R5 water—e-
caprolactam mixture is almost comparable with the
solubility of hydrogen in pure water for the mixtures
15 which can be treated with the process according to the
invention (thus irrespective of the e~caprolactam
concentration). |
The g-caprolactam weight percentage in the
water-g-caprolactam mixture (excluding hydrogen) may be
20 Dbetween 10 and 95 wt.%. A low g—caprolactam content is
advantageous as it allows of dissolution of a larger
amount of hydrogen. However, a very low t-caprolactam
content is not advantageous, for in that case a large
quantity of inert water circulates and evaporates. The e-
25 caprolactam content will therefore preferably be higher
than 30 wt.%. Preferably, the e-caprolactam content is
lower than 50 wt.%, and most preferably it is below 40
wt.%. _
} The hydrogenation temperature is generally
30 between 20 and 160°C. As a rule a not too low temperature
will be chosen, for at a low temperature the reaction time
is longer. The temperature is as a rule not too high
because high temperatures have a negative influence on the
g-caprolactam quality. The temperature therefore
35 preferably is between 70 and 130°C, and most preferably
between 80 and 100°C.
The hydrogenation pressure may be between 0.1



amount of -hydrogen. However, a very low [err]-caprol actamcontent is not
‘ddvant ageous, for in that case a |large quantity of inert water circul ates -
and evaporates. The E- 25 caprolactamcontent will therefore preferably be
hi gher than 30 wt.% Preferably, the [err]-gaprol actam cont enfm i+5Jgower
than 50 wt. % . and nbst preferably it i's below 40 w.% The hydrogenation
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hydr ogen- cont af#i agcenténuoss prpeesp.caprol actam mixture. If a reactor is

chosen in which the The hydrogenation residence time or contact time
depends on the method that is chosen for contacting the
heterogeneous catalyst with the hydrogen-containing water-

15 e—caprolactam mixture. If a reactor is chosen in which the
catalyst is fixed in the reactor (fixed-bed reactor), the
residence time in a continuous process is generally more
than 10 seconds, and in particular more than 30 seconds,
and in general the residence time is less thanllo minutes

20 and in particular less than 7 minutes.

The amount of hydrogen used per amount of ¢-
caprolactam to be purified will depend on the temperature,
pressure, degree of saturation and solubility of hydrogen
and the degree of impurities to be hydrogenated.

25 Without recycling, if applied, of non-converted
hydrogeﬁ the hydrogen vdlume'quantity per weight quantity
of caprolactam to be purified (excluding water) as a rule
is between 0.001 and 2 Nm®/tonne lactam (5 . 107% - 1.0 .
10"2‘mol H, per mol e-caprolactam) and preferably between

30 0.1 and 1 Nm%/tonne lactam (5 . 10™* - 5 ., 1072 mol H, per
mol e—-caprolactam). _

Dissolution of the hydrogen in the water-e-
caprolactam mixture can be effected by any process that is
known to one skilled in the art. Preferably, the mixture

35 is contacted with hydrogen in a mixer in which a constant
hydrogen pressure is maintained. Intensive contact between
the hydrogen and the mixture will ensure that the hydrogen



catalyst is fixed in the reactor (fixed-bed reactor), the residence tine in
a‘continuous process is generally nore than 10 seconds, and in particul ar
more than 30 seconds, and in general the residence tinme is |ess than 10
mnutes 20 - and in particular |ess than 7_ngnhutes. The amountppfsfygrogen

- used per amount of [err]- caprolactamto be purified will depend on the

t enper at ure, -pressure, degree of ‘saturation and solubility of hydrogen and
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speci fic conditions,” for 1 nstance I n
pressure and temperature.
The hydrogenation catalysts may be any known
15 Theterogeneous hydrogenation catalyst. Examples of such
catalysts are rut@enium on aluminium oxide, rhodium on
aluminium oxide, platinum on carbon, palladium on carbon,
Raney nickel, nickel on silica and nickel on aluminium
oxide. Preferably, use is made of nickel-containing
20 catalysts.
Suitable nickel catalysts as a rule have a
nickel content between 5 and 80 wt.%, relative to the
metal and the support. Besides nickel the catalyst may
contain some activators such as 2r, Mn, Cu or Cr. The
25 activator content is generally between 1 and 20 wt.%.
) If palladium—-containing heterogeneous catalysts
are used, the palladium content will generally be between
0.01 and 10 wt.%.
) If a fixed-bed reactor is used, catalysts are
30 employed in which an active metal is on the external
surface of a support. Such catalysts can be prepared using
the method in which a pre—formed support (for instance
pellets, spheres or ribbons) is contacted with an aqueous
solution of a metal salt, for example the metal nitrate,
35 dried, and subsequently calcined.
The size of the pre-formed support that is
chosen will be as small as is possible without the



10 "the case of heat recovery, there may be a somewhat |arger difference
bét ween the pressure and tenpérature at which hydrogen dissol ution takes
pl ace and the hydrogenation pressure and tenperature. The hydrogenation
catal ysts nmay be any known 15 heterogeneoug hydr ogenati on cahg
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fixed-bed reactor_is used, catalysts are 30 ch™an - active
metal is on th&educs e Nl Oxjdas ﬁ?pﬁ@rﬁalmldaft glopdve Eamebe
prepared usingmdt@aiethod in which a pre-formed support (for instance
pellets [ s .contgcted with an aqueous solution of a

, Spheres or ribbqg
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particl e di anetthe @rat;@mséx dg aaqisivatied byt wassihgagdseows hydrogen over
the catalyst for 8 hours while increasing the temperature

stepwise from 80 to 200°C. This known process for
activating the hydrogenation catalyst is however
15 disadvantageous because large quantities of valuable
hydrogen are consumed by the process. It has now been
found that activation can be carried out at a temperature
of 70-100°C if the catalysf to be activated is contacted
with water in which hydrogen is dissolved. The activation
. 20 pressure may be between 0.1 and 10 MPa. In comparison with
the activation as described in EP-A-411455 the above-
mentioned activation is advantageous because: (1) catalyst
activation is carried out at a lower (maximum)
temperature, (2) catalyst activation is carried out in
25 situ so that no extra facilities are needed to pass
gaseous.hydrogen to the catalyst bed especially for the
activation and (3) no excessive usage of hydrogen is
necessary.
In order to prepare the aqueous solution of
30 hydrogen needed for catalyst activation, hydrogen can be
dissolved in water in the same way as previously described
for dissolution of hydrogen in the mixture of water, e-
caprolactam, and unsaturated impurities. Concerning the
catalyst activation process, the reaction conditions used
35 to dissolve hydrogen in water are virtually the same as
the reaction conditions, such as temperature and pressure,
used to activate the catalyst.



In case freshly prepared catalyst is used the 5 catalyst shal | of ten have
't'0 be activated in order to reduce the netal oxides to catalytically active
free nmetal. Catalyst activation can be effected in any known manner. For
exanpl e hydrogen can be used to reduce the gQ. netal oxides. ph7Begnple 3
of EP-A-411455, for exanple, the catalyst is activated by passing gaseous
hydr ogen over the catal yst for 8 hours- whil e increasing the tenperature
stepwise from80 to [erré Thi s, known_process, f '
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di ssol ution of roge ure o rr]-= capfol actam and
unsaturated i npgntanesngcxn&ernsngapnelaatamymxautevas | @es g eed Abovry
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the sane as the reaction condit]ons, suc erature andl?ressure used
to activate the ¢8vetyag, which high-purity s-caprolactam can

obtained.

15 The e-caprolactam to be purified can be prepared
by the Beckmann rearrangement in oleum as described in DE—'
A-2508247 or other preparation processes, such as for
instance the rearrangement reaction in the presence of an
acid ion exchanger as described in GB-A-1342550.

20 Caprolactam obtained by depolymerization of nylon 6, as
described in US-A-5169870, can also be purified
advantageously using the process according to the
invention.

In practice the purity of e~caprolactam obtained

25 by purification of a mixture of water-e-caprolactam by
evaporaiion and distillation (as is disclosed in US-a-
4563308) is expressed by the permanganate absorption
number (PAN). The PAN is determined in accordance with ISO
8660: ge—Caprolactam obtained from an unpurified mixture of

30 water, e-caprolactam and unsaturated generally has a PAN
ranging from 4 to 6. The PAN of e-caprolactam obtained
from a water-g-caprolactam mixture that has been purified
according to the invention disclosed herein is lower than
4 and generally higher than 1. Preferably, the PAN is

35 1lower than 3.

Another way of expressing the purity of the e-
caprolactam eventualiy obtained is by means of the PM



-8- CAE 7726 Acti vation of the catalyst can al so be carried
‘out u3|ng the previously described mxture of water, [err]- caprolactam
hydr ogen, and unsaturated inpurities. This mixture can be contacted with
the hydrogenation catalyst 5 in the sane ner as in the pury élj#ﬁ g on
descri bed above at a tenperature between [err] The advantage of using this
mxture directly is that catalyst activation can be carried out, in situ,

i fi fon is started.w thout any_adaptation of_the process

when the purific
oper at i on. Und@Pm&SrnéPﬁﬁFaBSQPQFPnB“EBﬁH Ptibrke BpNr yFRG B hgwrkRents
cont ai ni ng matmeabate]eﬁaphelaxﬁdﬂzabilﬂt? aR Heghet bpM almber Mean 48

g pur i Ly [ obPpEcapPAR RS AbERhECoFrbR: dLhable” iniFLe fhs "y hresent.

[err]-caprol ac¥em auowepuwain of eapreespneptahedpbyltheleehkrmems of
rearrangemant hﬂeohﬁHﬁhﬁsoﬁeﬁﬁébé gat@dtgbm eﬁéﬁ?zfeac ?ﬂLh preparation

processes, such as I nStance t e rearran in the presence
of an acid ion exchanger The dpsemapganfhe GBURbeBA2650PM 2BuBRRF bl bt am

obtai ned by deggkyfBai 3t tA8 aﬁmﬂxkoaffiseeénésssiapsdngnay@ef\ £169870, can
al so be purlfle rocess accordin

adyant ageou
i nventi on. HQ&gPBB Phe aplpy E%ﬁngﬁcPﬁﬁ?ﬁBgﬁ?ﬁEg és°@£§ Mol/1
purificati on oi;oamnxmmr efo’capabeac{:emrbomaﬁiohacsaoobq/waml ptobre sk

dIStI||atI ( scl 4563308 ressed by, L he
pernangangte agso?gtlg ﬂg Fh?PéEF n?hgg %E g% Eﬂfﬁ%ﬁ ?% %é%%rdance
with | SO 8660. selgspenl laecamesbeauabdtbrbheaqolmpurof|edsmmm@ of 30
water, [err]- cae&gﬁsﬁa%ﬁadsuaﬁaayaassﬁuggagrebhxlbé@ 8£ P40b6 angi g from 4

to 6. The PAN of [err]-caprolactam obtalned from.a err]-caprol actam
mi xture that hSSPBLERiIBGAER €4O(NO3), . 6 H,0) and 12 mg of potassium

dichromate in 1 1 water. The PN number may only be used
15 for comparison'purposes of the Experiments and Examples as
described below.
The invention will be elucidated by means of the
following non-limiting examples.

20 Examples I-III
The aquedus caprolactam in these examples was

obtained by Beckmann rearrangement of cyclohexanone oxime
in oleum and neutralization with ammonia, benzene
extraction followed by re-extraction with water: The

25 mixture after neutralization was introduced into a 1.0 1
stirred.reactor together with benzene (3 g mixture/1.5 g
benzene). The resulting mixture was stirred for 15 minutes
and subsequently two phases, a "water phase" and a
"benzene phase" formed, which were separated by phase

30 separation.

The water phase was again introduced into the

reaction together with fresh benzene (5.0 g benzene/10.0 g
water-phase). The mixture was again stirred for 15 minutes
and subsequently separated into two phases. This

35 extraction step with benzene was repeated two additional
times. The resulting "four benzene phases" were mixed with
fresh water (25 g/100 g benzene phase). This mixture was



according to the invention disclosed herein is |lower than 4 and generally
4% gher than 1. Preferably, the PAN is 35 lower than 3. Another way of
expressing the purity of the E- caprol actameventually obtained is-by neans
of the PM  -9- AE 7726 nunbiy { per manganate mamberi6 Li ke
PAN, the PM nunber is a neasure of the oxi di zability. A higher PM nunber
nmeans that a smaller anmpbunt of oxidizable inpurities is present. Yet

anot her way of t t

bt ar at o4 CoRATIRE Mk L lok SR buERIAGRL LY, BIBRERH 1o byo,
defined as the phaags. of seconds elap5|ng after the addition of 1.00 m (ﬁ

pot assi um per manganat e ogﬁyg)dgggg ég%rgwglgh qgscggb@g%gaaghgolutlon (3.00

g/ 100 m ) of ZM (}{ until the rmonment at which the coI our of

this sol ution Q&ﬁj t & FIORWL t3Md, Vot 85 d RN S8 GEPBNEhene

itz andar]g sos ut |mmle3¢t&aﬁtﬁﬁﬂ?nw tdle mlt?lrt 'ﬂ’gﬁm@ﬁgmaﬁh“ €rpbmr theang
mg of potasgium te in wat er . nyaher use

15 for corrparl q:r? Wt%é%&eﬁrg&g Eg. §'e§ge§eécssb

bel ow. The i nven:t.l’orca/prldlam:am tad]da:tiem Hyn wades .oﬁA lphrecfeslsl eacpgding to

non-limting exg{yp Uy 0 kO I gt hese

2‘3’%‘?&1? Ckm&nn rear td ler A& ac%‘if‘”g Ty x fig& ERE LAY BXe o>

exarrpl es was obtaln ran enent o exanone oxi

ol eum and neut r%ﬁﬁuzreﬁﬁm wiheh sahwiion M@r@ﬂﬁnad-ﬂ &steporp)oagd by
re-extractign W ‘%?‘ﬂhe'gBid¥ioﬂﬂdﬁ%Hr% %&G&bg@%&%&%h‘éé&h@?s@ﬁin step
I nt roduced |nto a 1 1 stirred reactor togéther with benzene (3 g

m xture/ 1.5 g Gﬁhzene) The resulting mxture was stirred for 15 m nut es
a) In a continuocusly operated, stirred tank (diameter

100 mm, £illing level 100 mm and provided with a
heating jacket) the 35 wt.% caprolactam solution in
15 water was fully pre-saturated in a mixer in which a
constant hydrogen pressure of 0.6 MPa was maintained
. and pH 7the temperature stated in Table 1.
b) Through a vertical tubular reactor (diameter 34 mm,
filling level 27 mm, heating jacket) filled with 25
20 ml (20 grammes) nickel catalyst (ca. 50 wt.% nickel
(oxide) on alumina/siliéa, diameter 3 mm, length 8
mm) a continuous flow was established of the
hydrogen—~saturated caprolactam solution. The flow
passed through the catalyst bed from the bottom
25 upwards at the same temperature as in Table 1 and at
6 Sar and pH 7 (for flow rates see Table 1). In situ
catalyst activation took place.
After 12 hours the first sample was taken. The
sample was further processed by means of evaporation and
30 distillation as described in Example 1 of US-A-4563308,
after which the PAN and the PM number as well as the total
quantity of compounds to be hydrogenated were determined.
The results are given in Tables 1 and 2. Hydrogenation was
continued for 10 days. The purification of the final
35 product did not deviate significantly from the results
listed in Table 2. This proved that catalyst activation
had been completed after 12 hours.



apd subsequent|ly two phases, a "water phase" and a "benzene phase" forned,

whi ch were separated by phase 30 separation. The water phase was again

. introduced into the reaction together with fresh benzene (5.0 g
benzene/ 10. 0 g wat er-phase). The m xture maEHagain stirred fqﬁEl§¥anutes
and subsequent|y separated into two phases his 35 extractiOn step with

benzene was repeated two additional tinmes. The resulting "four benzene

phases” were mxed with fresh water (25 g/ 100 benzene phase). This

m xt ure was - 10- AE 7§é§—§kgrred for 15 m nutes and

subsequent |y sF‘"' J T NJG MJSEs. [T 5 wWatjer extract or d

two additional

extraction andlfthe water P from t Heaved ﬁygﬂacéiﬂ@ wer e
' ued a 35 Ww._. /6caprolactanlso utlon ifln water. A

process accordijng to the invention used to tjre®/Rhis nixt{$flrt he

by saturating ' with hydrogen in steg z@ and 10 pgssing the

sol uti on over ~eR—eadt gl\lof n..st ep k\ Lo _alcaontinuousl

e geradH
operated, stirfed tamk (dij amrepeor 1(0 nn12§0II| ng Ievgl 0300 nﬂ1and1@§OVId d
w th a heating|H $—35wi-%lcaprol act am dolution in 19 r
was fully pre- a gkxer |in Wagd a cgnst apt gaydroden prassur el of
6 pH 7thelteqperature dtated’in Tablle 1. b
Through a wertjcal jpgoul af regapg or |(di argagnfr 4ng lfevel 153 mm
heati ng j acket | | ni ckel catal

oo~

;aturgted |>

ntained an

(ca. 50 w. % nickel (oxide) on alum na/si , mm | engt
1) g/h = gramme of water/e—caprolactam/hydrogen mixture
per hour

2) nl/h = normal litre qf hydrogen per hour consumed in
10 the stirred tank and is equal to the amount of H,
flowing through the reactor.

The water-es-caprolactam mixture with the dissolved
hydrogen was in all the Examples I-III a homogeneous

15 mixture (no gas phase present).
The amount of unsaturated compounds in the caprolactam
solution fed to and discharged from the hydrogenation was
determined; the results are presented in Table 2.

20 IABLE 2

PM (sec.) ppm in ppm.in
1) 2) feed discharge
1.8 39,000 10 <1
2.1 ‘ 35,000 5 <1
ITT 1.9 45,000 10 <1
==================================i===============

25
1) measured according to ISO 8660

2) PM number. A higher number indicates that a lower
amount of oxidizable impurities is present.



a continuous flow was established of the hydrogen-saturated caprol actam
solution. The flow passed through the catal yst bed fromthe bottom25
upwards. at the sane tenperature as in Table 1 and at 6 liar and pH 7 (for
fl.ow rates see Table 1). In situ catal yst_agjivation took pra§§.7f§ er 12
hours the first sanple was taken. The-sanple was further processed by neans
of evaporation and 30 distillation as described in Exanple 1 of '

US- A- 4563308, egﬁgga giigg ;l}e PAN aHd t he PM nunmber as well as the total
gquantity of co d were determined. The results are
given in Tables 1 and 2. Wagefatrthrerwapuird@idatien f(biydtegdansiohhethe
purification of fal ' t devi at gnifticantly from
the results Iisststegﬁ:l'r":J %ﬁl‘;éfcoéﬁ?‘?gﬁ?)‘rtgf\f%dq?hgta%@& zgl%y??‘gggﬁ‘ﬁvgt VS% had
been conpl et ed ¥RARarated@nd distilled in the same way AE iIR2ExanBlE I.
Exanpl e genmtrhe céﬂﬁﬁﬂd&ﬂgmmﬁﬂéﬁéd to have a(§g§e?fg§n%§d[§r§h 050.(g/h)

consunption ti nl / h)

250 (}%é’% sec. 145 || 85 500 0.03

75 5 111 100 250 0. 022 145 1) g/h =
granme. of -wat er, rr] - rol act am hydrogen m xture per hour 2) nl/h =
normal litre o rative = in 10 the stirred tank

and is equal to the awoummeoBSthM%owhmgoubrca@hoﬁbetamaebmuti&heused in
wat er-Ler 1o CaRtRsRr Ape oS We' e Salll® 88 ¥EM:"(U6B0GH MRBnbToY! e
(after extraction). In this series of experiments use was
made of a bubble column according to EP-A-411455. Contrary
- to Examples I-III, a large quantity of gaseous hydrogen
was present during hydrogenation.
15 a) A vertical tubular reactor (diameter 34 mm, filling
level 27 cm, jacket heating) was filled with 250 ml
already activated (160 g) nickel catalyst (ca. 50
wt.% nickel/nickel oxide on alumina, for diameter (d)
see Table 3, ;ength S to 8 mm). Hydrogenation was
20 effected by pumping gaseocus hydrogen (25 nl/h) and
the caprolactam solution in water (35 wt.$%
caprolactam) for 90 minutes through the bed from the
bottom upwards, this taking place at 90°C, 0.6 MPa
and pH 7. |
25 The other conditions are listed in Table 3.
The concentration of unsaturated compounds was determined
both in the feed and in the discharge flow.
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i xt ur e (no gas phase present).

The anmpunt of unsaturated conpounds in

the caprol actam solution fed to and di scharged fromthe hydrogenatlon was

det er m ned;
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Upgrading of the caprolactam solution in water by
evaporation and distillation (as in Example I) resulted in
the final product quality as indicated in Table 4.

TABLE 4
ppm in feed ppm in
discharge
B 1.9 35,000 11 <1 "
c 2.3 35,000 11 <1
II D 2.3 37,000 11 <1
ﬂ___? 3.0 27,000 11 2

The results show that use of a packed bubble
colu@n at the same load and a longer residence time leads
to comparable purities, with hydrogen consumption being

many times higher.



see “Tahle 3, length 5 to. 8 mm. Hydrogenation was 20 - effected by
phnplng gaseous hydregen—25t/h) and the caprolactam solution in water
(35 wt. % caprol nutes through the bed fromthe bottom
upwar ds, th| iﬂm\“ﬁ“ m{n[err] 0.6 NPay gnd pH 7. 25 AE 7726 The
ot her cond|t| +n Table 3. The concentration of unsaturated
conpounds was determ ned both in the feed and in the discharge fl ow.

- 13- ' AE 7726 TABLE 3 Eegp. Resi dence Liquid fl ow
H2 flow [err] [err] time égﬁ%ﬁ—————§ (nI/h) (rmm) (nin.) B
90 18 250 25 1.6 C

250 1.GZE“ Pﬁg%é§§5for t%% purlffg%tﬁﬁﬁ)of s—capro}gctam,ogglgh

25
Upgradi ng of the capmidctesmhyduagenstiionvaten Wpterasocapredagisan

distillatiog (as in gxame vh)tlf Qﬁ»&:td@céﬂ rblehé fﬁaxftlu&@ 1Y Q@L@cbr%ehbbydas |

I ndi cated in Table 4. TABLE é) ppmin f
ppmin discharge B of a heteyog neoqﬁqugyogenatlon Cffalyst, <1 15
g 000 2.3 cHarddterized in thht flrsg ghe s‘chp@o%ggtam—%a@er

7, 11 . . <. . . 7, : 11
2 20 Th&EHAS &%tﬁﬁﬁttaéte%é’ét& gé‘sﬁz?é‘l?e&‘yéfﬁ’gﬁé"céiﬁ’ﬁﬁn at the

same | oad and a | ong&riclediytnogern idisdadads tim diwpar-aalpe ojacitemevatert h

hydrogen cpgsunpt i ony 811 Mhe 1B diidity this hydrogen-containing
mixture is contacted with the hydrogenation catalyst
and that 90-100% of the hydrogen present during
hydrogenation has been dissolved in the water-g-
caprolactam mixture. |

15 2. Process according to claim 1, characterized in that
98-100% of the hydrogen has been dissoclved in the
water—-g—caprolactam mixture.

3. Process according to any one of claims 1-2,
characterized in that the molar quantity of hydrogen

20 per mol of e-caprolactam to be purified is between
5 .10% and 5 . 107? mol H, per mol es—caprolactam.

4. Process according to any one of claims 1-3,
characterized in that the g-caprolactam concentration
is between 10 and 95 wt.%.

25 5. Process according to claim 4, characterized in that
the s-caprolactam concentration is between 10 and 40
wt.%.

6. Process according to any one of claims 1-5,

. characterized in that the temperature is between 70

30 ‘and 130°C.

7. Process according claim 6, characterized in that the

| temperature is between 80 and 100°C.

8. Process according to any one of claims 1-7,
characterized in that the hydrogenation is carried

35 out in a fixed bed.

9. Process according to claim 8, characterized in that
the hydrogenation is carried out continuously and the



-14= . AE 7726 CL—A1 MS 1. Process for the purrfrcatron of
{%rr]- caprol actam - V\/m ch i nv Mes hydr ogenati on of a :

water-[err]-ca ‘ﬁﬁ“ﬁ m xture with- hydrogen of the m xture in .
the presence omm hydr ogenat ijgn cat al yst, charaﬂeﬂ—g@d in

that first the [*®err- ('Saprol act am'water m xture is contacted with gaseous
hydr ogen, upon whi ch hydrogen di ssolves in the [err]-caprol actam wat er 10
m xture, and subsequentl dr,ogen- cont ai ture.is.contacted

W th the hydr ogena o danas, iRE 430 Rat vgghT o abeOnis Agd: LgcRThREeSn
duri ng hydrogenddt.i orPrtmslsearmcd:rsﬁmlgved anyt baewatfec-lhdzms] 1-8aprol act am

m xture. 15 2. C e hat

98- 100% of the h dro%%%%%é%%g%en gr ssgfa g I'n eg%sgrs?éhéa%o?%%t am .
m xture. 3. Pr oce§§t@d-d($rtdrlr$g cagriegd ous dn @Ii&ilrrbylcgntahmam thezed in

that the nojar quantﬂy@td’g‘{exﬂé%@%&ﬁg water sp‘é"ap%h.agiza{neﬁil;hcéﬁém actam
to be purified is b 3 nol

: H2 nol
E- caprol actam 4. ?W%(?@fé‘a&&é’o‘r GPﬁ@ltYétaW BnéeES‘PeEPEBﬁE ¢f370-100°C.
characterized i1l.t h®rddess as ]su(bamewtaeuayl deseeibedt ianthe Hesweeptidnand
95 wt.% 25 5. gg@e ace l%to claim4, characterized in that the
[err]-caprolactamc at P'€%5et ween 10 and 40 wt.% 6. . Process
according to any one of clainms 1-5, characterized in that the tenperature -
is between 70 30 and [err] 7. Process according claim®é, '
characterized in that the tenperature is between 80 and [err]



8. =~ &ocess according to any one of clains 1-7, characterized in that the

shydrogenation is carried 35 .. out i'n‘a fixed bed. 9. Process
according to claim8, characterized in that the hydrogenation is carried
aqut continuously and the - 15 - -~ 16AE 7726 residencaaR iT26 S

bet ween 10 seconds and 10 minutes. 10. Process according to any one of
clains 1-9, characterized in that the the activation of the catalyst is

carried out in situ by contacting thg S TR Ah& ogen cont ai ni ng

wat er - E- caprol actam wi t h the hydroge ' T at a tenperature of
[err] 11. Process as substantially described in the description and the
exanpl es. PROCESS FOR THE PURIFICATION OF A

WATER—-e£-CAPROLACTAM MIXTURE

Process for the purification of e~-caprolactam,
which involves hydrogenation of a water-e—caprolactam
mixture with hydrogen of the mixture in the presence of a
heterogeneous hydrogenation catalyst, wherein first the e-

10 caprolactam-water mixture is contacted with gaseous
hydrogen, upon which hydrogen dissolves in the &-
caprolactam-water mixture, and subsequently this hydrogen-

_containing mixture is contacted with the hydrogenation
catalyst _and that 90-100% of the hydrogen present during

15 hydrogenation'has-been“gissolved in the water-s-
caprolactam mixture. -



