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PROCESS FOR PURI FYI NG LACTAMS The present invention rel ates
to the purification of lactams by liquid-liquid extraction and/ or
treatnent with ion-exchange resin. 5 Anong t he npst common

| act ans, capr Gi.CO8/ 05636 a very inporfiant conpound, FOTYERIZ/0IAIE
starting material for polyam de 6 which is used in considerable
anount s wor | dw de. PROCESSORORpDPUREFYINGr LAQTAMSI ng capr ol act am

and by 10 analogy other lactanms, is to carry out a cyclizing
hydrol ysis of the corresphadngsent nimventien relatds ane ndeapronitrile, to

gi ve caprol actam A sinple distillation of the |actamthus
obt ai ned i s napusification ob Lrokam$coyal thidtbinaid isxtmagtignwhich is
conpatible with the quality required _ for the applications of the
corr espondi ng Peff@ni teeatment with ianreschange mR$iBarticularly as
regards caprolactamfor the textile appljcations of éﬁﬂ- am de,

6. 20 O AmOUNRRORS HRE JAOSH { SERR NG EATF o GRPERLAGEAD is
still too large renai s, wel]l as smaller, but neverthel ess-

excessi ve, annﬁﬁY?r%fE@?%EF3%9-5?ﬁBﬁ%? g since it is a Stﬁ?ﬁﬁ?%ctan1and t he
SIEAILEH SR O TRRRE IEH

separ at ed by a Wever, tUrns out~in practrc

during heating t.al t of an addition product of these two
conpounds is p?%ﬁ%ﬁﬁé ?b?%gg?&ghis

One process for obtaining caprolactamn, ahd by

10 analogy other lactams, is to carry out a cyclizing
hydrolysis of the corresponding aminonitrile,
6-aminocapronitrile, to give caprolactam.

A simple distillation of the lactam thus
obtained is not sufficient to give the said lactam a

15 purity which is compatible with the quality required
for the applications of the corresponding polyamide.
This is the case most particularly as regards
caprolactam for the textile applications of polyamide
6.

20 Amounts of unconverted aminonitrile which are
still too large remain, as well as smaller, but
nevertheless excessive, amounts of other-by-produCts.

The lactam and the aminonitrile from which it
is derived could theoretically be separated by

25 distillation. However, it turns out in practice that
during heating, a certain amount of an addition product
of these two compounds is probably formed, this

addition product subsequently retrograding and re-



addi ti on product subsequently retrograding and re-

2 rel easing the amnonitrile which it was desired to separ at e.
Consequently, a sinple distillation does not al | ow excel | ent )
Separation of aminonitrile and | actam Pat ent WO A- 96/ 20923
reconmends a process for 5 purifying caprolactam which involves the

fol |l ow ng sequence of operations. Firstly, caprolactamis

prepared by regelleagifigagheoamphonitrille whibhwitewas desitba@ toght
conpounds and t he heavy conpounds in the crude caprol actam are then
renoved, aftersebarateheCoerquepthacaasimpleidédtilbatibn dbesenstep i s
treated with hydrogen in the presence of a catalyst, at a

tenperature ofa5@°W5eﬁeeiﬁenanaeaaratppesgﬂremononnbnllGSand lacbam50 bar,
to give a mxture A which is either passed in the formof a solutlon
in a solvent, on an ion-Pagsnt Uﬁchaﬁgé29833nréﬁﬁmaﬁﬁﬁﬁgaaEFGFésﬁuﬁ@?ions
or is dlstllled off in the presence of sul phurijc %Cld and

finally the n1?PEF@YBEgoFaB§°$BFEPWeH tf OHEVBFVFﬁet e °1éBU%%gtmo st eps
is distilled |n the resence of te caprol actam

: t: pas 1l g gaguls
20 ﬁa? paPERR F?nﬁnaF§§§8 ¥n g Bﬁ?% detail, it is
observed that hgﬁg 258y Eéa&%ﬁﬁgta 6-amihBEL gg&gkXFLigkﬁgtﬁ”%Qt

purification o caproract amy prepar ase %ydroly5|s

Thi s eMELaeS11Ghy EBEBBhﬁdErQHHtEﬁeeﬁéag&eéoﬁBBuﬁaérXh”QhQUt

crude caprolactam are then removed, after which the

10 caprolactam obtained from the above step is treated
with hydrogen in the presence of a catalyst, at a
temperature of 50-150°C and at a pressure of from 1.5
to 250 bar, to give a mixture A, which is either passed
in the form of a solution in a solvent, on an ion-

15 exchange resin containing acidic functions, or is
distilled off in the presence of sulphuric acid, and
finally the mixture Bl or B2 obtained in one of the
above two steps is distilled in the presence of a base
to give the pure caprolactam.

20 When that patent is analysed in greater
detail, it is observed that the process is very
intimately linked with the purification of the
caprolacﬁam prepared by ligquid-phase hydrolysis. This
emerges very clearly from the examples for carrying out

25 the invention.

It is also observed that the purification
process described is a complex process comprising

multiple steps. It also appears to be very expensive



25 the invention. It is also observed that the
purification process described is a conplex process conprising
multiple steps. It also appears to be very expensive ]
3 and very energy-intensive, since the first step after ~  the
preparation of the caprol actam consists prfictically indistilling al
of the products obtained fromthe ~reaction. Indeed, it is envisaged

to distil the langhtvery emerdiyetintensdvel, heipiceddies firidt Tdt% Q¥ boiling
points, and to separate out the heavy products, i.e. e products

wi t h t he hi ghesthebgirepagatdion ©£ Thies caprolardteurefdmmmﬁ%.rddmalmym ves
the distillation of all : of the caprol actam which, by definition, has
a boiling 10 ipoidistidildmg @lilntodr rihdi productscebtalined drorhehe ght
products and the heavy products. . The Applicant has found,
unexpect edl y, reactiom.afndeeds tiffe iesomisgoed sat Gistid Ahes13en23, t hat
| act ans prepared by cycli,zi ng hydronS|s of 15 amnonitriles in a vapour

phase can e oB¥& Si:nige.” the productss wikh $hee lowest Boiflivge of the
process uhi ch SEABYEsr S50 SHREA Gitutbe BERIORFoMICt et 1oB. of the
R L e e O U EECE
purification proeesFobd MR ShvbiGeaMRY Qistillation of all
of the caprolactam which, by definition, has a boiling
10 point which is intermediate between those of the light
pfoducts and the heavy products.

The Applicant has found, unexpectedly,
relative to the teaching of patent WO-2-96/20923, that
lactams prepared by cyclizing hydrolysis of

15 aminonitriles in a vapour phase can be obtained in a
purity of the same order as those of the lactams
prepared in a liquid phase, by using a purification
process which does not involve the prior distillation
of all of the constituents of the reaction mixture

20 obtained from the hydrolysis reaction.

The only operation prior to the present
purification process is the removal of the ammonia
formed; this removal usually consisting in distilling
off the said ammonia.

25 The present invention consists of a process
for purifying a lactam obtained from the cyclizing
vapour-phase hydrolysis of an aliphatic aminonitrile,

characterized in that, after most of the ammonia



formed, this renoval usually consi §ipAKIOOF THIS| SREETIHASIREEN
anmoni a. 25

for purifying a | actam obtained fr The Ccycll zi ng

The preseptREPINCEDL i ON consi St s

hydrol ysis of an aliphatic amnonitrile, characterized in that af t er
nost of the ammoni a 4 4
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contained therein has been removed, the said lactam is
subjected to a liquid-liquid extraction using a solvent
comprising a solvent of acidic nature, and/or the said
lactam is placed in contact with a cation-exchange
resin.

The lactam used in the present process is
more particularly chosen from those which are obtained
by cyclizing vapour-phase hydrolysis of an aliphatic
aminonitrile of general formula (I):

N=C-R-NH, (1)
in which R represents an alkylene radical containing
from 3 to 12 carbon atoms.

Among lactams, the most important ones are
those which serve as starting material for the
preparation of polyamides 4, 5, 6 and 10 and which are
obtained from aminonitriles of formula (I), in which
the symbol R represents a linear alkylene radical
containing 3, 4, 5 or 9 carbon atoms.

As mentioned above, caprolactam, whose
polymerization gives polyamide 6, which is prepared
from 6-aminocapronitrile (or e-capronitrile) and thus
contains a certaiﬁ amount of the latter compound, is
the lactam preferentially used in the process of the
invention.

As a non-limiting illustration of the process
for preparing lactam by cyclizing vapour-phase
hydrolysis of aminonitriles of formula (I), reference

may be made, for example, to patents EP-A-0,659,741,
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1t hus contains a certain amount of the latter conpound, [T sr N
preferred | actamused in the process of the I nventi on. L?!S SHE;E*F‘?-IAS B%SN-
La ﬁa"fﬁ@

a non-limting illustration of the process for preparitag i
cyclizing vapour-phase hydrol ysis of amnonitriles of forrmula (1),

ref erence may be made, for exanple, go patents EP-A-0, 659, 741,

5 US- 2, 357, 484 or WD A- 96/ 22974. The lactamto be
purified is prpdes ARV, 484 or woiAvd129f. an aqueous sol ution. The |actam
concentration of such a solution is generally from20% 5 to 80%on a

vei ght for weight basis.tH&elaftapntd bé urified s Iprefgraisintinup to 15%
of the weight of the | actam and preferably fromO0.1%to 10% of this

wei ght . the form off hen agebds Wiobhtion f e dlaluramng t he

cyclizing hydrolysis of the amnonitrile in a nolar 10 anount equal to
that of the | acomrentsatsion|opasuciald ysolution nis rgenetakiwnfxdm (4 sai d
lactam It is generally removed by distil|ation. ) Thi s
distillati®n com $@%comra edeiaht bfor weighiedeasis ¢ HEhe Amteri A k| ution
to a foot tenperature 15 of from 100£ﬁ?rr]c to 190[err]C, preferably from
140[err] C to lespallyrepresengs wp edsb?hitef prRe sWetoR% 9% Jrhe to 10 bar,

Wi t hout t hese val yes bein onsi dered, as crjtical.. .The chpi.ce
of the operat i HCEIAMR dﬂ%ef§rggﬁ% gﬂ%% fh%? 5%r£6%h% this welght.

The ammonia which is formed during the

cyclizing hydrolysis of the aminonitrile in a molar
10 - amount equal to that of the lactam, is still partially
in the solution of the said lactam. It is generally
removed by distillation.
This distillation can be carried out by
heating the caprolactam solution to a foot temperature
15 of from 100°C to 190°C, preferably from 140°C to 160°C,
at an absolute pressure of from 1 to 10 bar, without
these values being considered as critical. The choice
of the operating conditions is made such that more than
50% and preferably more than 90% of the ammonia is thus
20 removed while at the same time distilling only a
relatively minor part of the water, so as not to obtain
a solution with a lactam concentration of greater than
80% on a weight for weight basis.
The solﬁent of acidic nature used in the
25 liquid-liquid extraction can be, in particular, a
carboxylic acid or an alkyl hydrogen phosphate and more
particularly a dialkyl hydrogen phosphate. Thus, it is

possible to use a dialkyl hydrogen phosphate in the

This Sheet Has Been Replaced




50% and preferably nore than 90% o kgﬁ"lﬁﬁmmmmgT ,
at the sane tine distilling only a CEEelatlve
water, so as not to obtain a sol uti on Wt
greater than ' 80% on a wei ght for weight basis.
solvent of acidic nature used in the 25 gliquid-liquid extractlon can be,
in particular, a carboxylic acid or an al kyl hydrogen phosphate and
nor e par tHoxhurd Yofa whidhk Wheh Mdinegan oih eseihrited Hﬁas pridfdrably
AVENDED SHEET possible to
use a dial kyl hd&rdgealplddyiatgroups wntain frammil a:d)ﬂ.z\l\hdaﬂ:ibdrhe | i near
or branched and preferably I dentical al kyl groups contain from1l to
12 carbon a tomss NWImg:hdm@onmmmMS bils (-2 tdiiHemydyl ) 5
hydrogen phosphate is nost often used, in particular on account of
its |arge-scal dydhiaganiphiosphatieatiis most Pfgen usedii dink warbidudgen on
phosphate can contain a certaln proportion of correspondi ng nonoal kyl

hydrogen 2 3sthaaf it Jdag@frsiasd elcopmezicigli avindd adpidiiny -t ke 10

o1 opar L1 on of W@Ihﬁ%m%é" eohatsd S8 foBtadgs G bALbed 200 and | s
Car boxyli & aci PTRERTIT My G SRRRESES BPRA D PYaBodip anoi ¢ acid
or 2-ethy|hexa%ﬂd%§ﬂgé%' this compound also belng formed during the

preparation of the dialkyl hydrogen phosphate.

10 Generally, this proportion of monoalkyl hydrogen
phosphate does not exceed 20% and is preferably less
than or equal to 10% on a weight for weight basis. As
carboxylic acid, mention may be made, for example, of
heptanoic acid or 2-ethylhexanoic acid.

15 When the solvent of acidic nature is
relatively viscous, it may be useful to use it for the
ligquid-liquid extraction mixed with another organic
liquid, which will be referred to in the present text
as a diluent. This diluent should dissolve only a

20 little amount of lactam under the working conditions.
The solubility of the lactam in the diluent is
generally less than or equal to 200 grams per litre at
25°¢ and preferably less than or equal to 100 grams per
litre.

25 The proportion of diluent in the liquid used
to carry out the liquid-liquid extraction of the
process of the invention usually ranges from 0% to 80%

and preferably from 10% to 60% on a weight for weight

\
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When the solvent of acidic nature is relatively viscous, it may be
useful to use it for the liquid-liquid extraction m xed wi th anot her
organic liquid, which will be referred to in the present text 20  as
a diluent. This diluent should dissolve only a little amount of
| act am under the working conditions. 7 The solubility of the lactamin
the diluent is generally less than or equal to 200 grans per litre at
25[err] C and pbalksdisably | ess than or equal to 100 grans per 25 litre.
AVENDED SHEET 7 basi s.
The extraction is carri efheuexgraetdiong isocarriedt batkaesdrdehgods such as,
for exanple, counter-current circulation of the [actam solution and
of the 5 extrthet kmowsomethodst sucherns)," éotrr axbimpi esobvantéer-current
enconpassi ng the solvent of acidic nature alone, as wel | as the
m xt ures ther eSirgulation pfefthe lactam solution apdt ot the are
conventional ly provided in quuid/liqqid extraction, thege bei ng
ei ther stages GFtrEGtiQn&olyepint &het fgam Sexgrackient salyept "gravity
col um t¥¥$' Thi s ,second faqilgﬁis divided in two sub-
famlies: non- SECPPRRSEIPIMTESSILEDkaREc BPP1IS PREYFe alone, as
- well as the mixtures thereof with a diluent.
Contactors are conventionally provided in
liquid/liquid extraction, these being either stages of
10 mixer-decanter type, or differentials of gravity column
type. This second family is divided in two sub-
families: non-stirred columns and mechanically stirred
columns. In the first case, these are essentially
packed columns or perforated-plate columns, and in the
15 second case these are essentially pulsed or stirred
columns.
The choice of the technology makes it
possible to obtain the best compromise between its
cost, in terms of capital and running, and its efficacy
20 by taking into account wvarious criteria such as the
ratio of the solvent phases/product to be purified, the
extraction efficacy, the floor bulk of the device, the
total volume of liquid in the device, the capacity to
treat solutions containing impurities in suspension and
25 the corrosion of the materials used.
The volume ratio between the aqueous lactam

solution subjected to the extraction and the extraction

solvent usually ranges between 1/5 and 5/1. Preferably,



colums. In the first case, these are essentially packed col ums or
perforated-plate colums, and in the 15 second case these are
essentially pulsed or stirred col ums. The choi ce of
tthe technol ogy nakes it possi ble to obtain the best conprom se between
its cost, in terns of capital and rurging, and its efficacy 20 by
taking into account various criteria such as the rati o of the sol vent
phases/ pr oduct thdsbeaini fiiscthetiveen 2/1 agd@ naet.ion efficacy, the floor
bul k of the device, the total volune of liquid in the device, the
capacity to treat Shieuttiemperatura eBitnghichuthe extractispedsi on and
25 the corrosion of the materials used. ) The volune ratio
bet ween t he aq@edwiedacugmcan be,sdnupasticulpect betweenhd 08¢t radt i on and
the extraction sol vent usual ly ranges between 1/5 and 5/1.

Preferably, 90°C. The process is preferably performgd at a this ratio is
between 2/1 and 1/ 2. The tenperature at which the
extractionzs temperaturie,@f,fromyg08€ ton895Fti cul ar, between 10[err]C and
90[err] C. The process is preferabl ggrforned at a i t enper at'ure of
from20[err] C to.80[ err] E3tion-exchange resgns; gxe. POHAMGE e ERT4NSS e

pol yneric resi ... cont dini.ng functiq of acidic _nature They are
general |y, but%%gfaé%ép s&&%F&} § i 1S, 3Fé: Fnaa%ure. Bh8hfc acid or
car boxylic aC'%éE%E%hﬁ%QSbuEahb n'exglusively resins, bearing

sulphonic acid or carboxylic acid functions. Cation-

10 exchange resins of complexing nature can also be used,
which will be encompassed in the present text within
the resins containing acidic functions. These cation-
exchange resins of complexing nature generally contain
fﬁnctions of imidodiacetic or aminophosphonic type.

15 These products, which are less commonly used and are
more expensive than the other cation-exchange resins,
are also more selective and more effective, on account
of the combination of the ion-exchange and complexation
properties.

20 Sulphonic resins are of two types: resins
with a gel structure whose internal bead porosity is
natural, resins of macroporous structure whose internal
porositylis artificial and is determined by the
presence of channels (pore diameter ranging up to

25 150 nm).

Macroporous resins are more highly
crosslinked than gel-type resins. The degree of

- crosslinking corresponds to the weight percentage of



10 exchange resins of conplexing nature can al so be used, whi ch

w Il be enconpassed in the present text within the resins containing
acidic functions. These cation- exchange resins of conpl exing nature
general ly contain functions of imdodiacetic or am nophosphonic type.
15 These products, which are | ess commonlgy used and are nor e
expensi ve than the ot her cation-exchange resins, are al so nore

sel ective and divdngfibetizievie inntheC@mohomer. of the conbination of the

i on- exchange and conpl exati on properties. 20 Sul phoni c
resins are of two types: Inegeneral, thel tihcregsle ditr theudegneesefi nt er nal
bead porosity is natural, resins of macroporous structure whose

i nt er nal cpossdiinking entafilsi an dndrieaseéectior mesédthpcehéo an
presence of channels (pore diameter ranging up to 25 150 nm.

Macr opor ous r eSFASiziagrBedinmghtie rigidityseifi thedbends.genhdt ghusr esi ns.
The degree of crosslinking corresponds to the wei ght percentage of

9 di Vi nythenFEsd SEANCRe tRoASHELtion and to osmotipnpgerskars t he

i ncrease in the degree of, - crossl_i nking ﬁntails an increase in
resistance to aRressureyinyithe,poxes; GHe tRethegrirrgeorL; fdz6e8ds thend

(prossure in t REUBSFS: 1608 A8 RE GRAAG0PYPEared SRYERS. tHe “bounded i ons
and of their hydeakednl@YeL) intl%nal transfer associated with a more
dense structure (lower speed of circulation of the ions
10 in the porosity), the affinity and the selectivity of
the resin for the various ionic species. On the other
hand, a decrease in the total exchange capacity and in
the elution efficacy are observed.
In the context of the present invention, the
15 cation-exchange resins containing sulphonic acid
functions and containing a macroporous structure are
particularly suitable. The reason for this is that this
structure gives the beads of resin greater solidity
when the nature of the medium changes between the
20 adsorption and the other phases of the cycle: medium of
organic nature for the adsorption, aqueous medium for
the washes and tﬁe elution.
| The aqueous lactam solution can be placed in
contact with the cation-exchange resin without addition
25 of an intermediary solvent. If necessary, it can be
diluted with water.
As a guide, the lactam solution treated with

a cation-exchange resin generally comprises from 10% to



resistance to internal transfer associated with a nore dense

structure (|l ower speed of circulation of the ions 10 in the porosity),
the affinity and the selectivity of the resin for the various ionic-
species. On the other hand, a decrease in the total exchange capacity
and in the elution efficacy are obsggved. In the

context of the present invention, the 15 cation-exchange resins
cont ai ni ng sul pbenbe atkfolved chbMPeLhABSbENWeight ai818401i0eMB6r ERET OUS
structure are particularly suitable. The reason for this is that this
structure gi veweightbefidshef sokation| eahdrusaaillyt from 20%when80%e nature
of the nmedi um changes between the 20 adsorption and the other phases of
the cycle: medi um of Foroagahndustria® Gse, t tbeatzeapnenhs agueous

medi um f or t he washes and the el ution. The aqueous

| act am sol ut i onegan dreprarrilefinout veryogenerakivhinha ealumn-anéhange
resin without addition. 25 of an |nterned|arX solvent. |If necessary, it
can be 5 dPFGﬁ@HaRﬂYhuﬁhFGrat least two co umssaweﬁkaeg the | actam

sol ution treateg a catlon exchange resin generally conprises
from 10%.t 0 cerndeely. 10 90% of di ssol ved

compounds, by ueL ot el ahhtectlatitue cvelf' 8 pohabl'BropbiLh lp,
treatments on gonerl$5y"cBhBoE8A" b80aClteyChy 48086LBL ¥n! NasEabUBR and
rinsing after adsorption, a step of regeneration of the
10 bed by placing in contact with a solution of a protic
inorganic acid, and a step of rinsing after elution of
the regeneration flow.

The adsorption step consists in exchanging
cations (protons and ammonium) between the resin and

15 the lactam solution to be treated (feed solution). The
flow of the solution in the bed can be carried out
either from the top downwards (blocked-bed process) or
from the bottom upwards (floating-bed process). The
operation is interrupted when the saturation front

20 reaches the end of the bed of resin.

The main aim of the rinsing step after
adsorption is to avoid polluting the eluate with the
feed solution contained in the bed of resin after
adsorption. It is generally carried out with water and

25 can be carried out in two successive steps. The first
rinsing step consists in displacing the feed solution
contained in the interstitial volume of the bed after

adsorption, in order to recover it, to upgrade it. The



5 preferably using at |east two col utms worki ng alternately.

The treatnent cycle on a bed of resinis general ly conposed of a step
of adsorption, a step of rinsing after adsorption, a step of
rregeneration of the 10 bed by placing in contact with a solution of a
protic I norganic acid, and a step ofiirinsing after elution of

the regeneration flow The adsorption step consists in
exchangi ng amouati ofs watett genezad lgmreguirpdbdsvwapprokémaeeily and 15
the lactam solution to be treated (feed solution). The flow of the
solution in thegued tenthe daterettitial volumei piiecher bext Hext op downwar ds
(bl ocked- bed process) or fromthe bottom upwards (floating-bed
process). The externgdepsrositysofnther bgdddonhshet Resymptiani shatront 20
reaches the end_of Lhe hed of resin, L. . The main aimof the
rinsing step aF%%ﬁ distribygdeppefokhes liguidoratesing: ifgcokseskuand wit h
t he feed tiopn contained in the bed of resin after |
adsorptlon5 It 5 IF°CRFF'@Hrﬁétpﬁ?ﬁﬁgﬁatgpeaﬁﬁcoﬁg ripgagde carri ed

out in two SUCC ssive_ste

di spl aci ng the® 3@6 §8§&F%5n°¥ Ene 38%P59n§&n§ﬁg§h§% %PEPEE%R%AE%SO:EnB of
the bed after order QQSQE%%'QBE Egrgrdgh Eger%%ggﬁrbe%dstgfugga? tﬁ%' The

amount of water general 'y Tequir pPproxi ma
interstitial’ vehdmgely B8 uREEn(OThe amount of water in this case is

dependent on the nature of the resin (internal

10 porosity) as well as on the operating conditions (in
pérticular the flow rate of water in the bed). Overall,
the transfer of material between the pores and the
rinsing solution is limited by the internal diffusion
kinetics in the beads.

15 Regeneration of the resin consists of
treatment (in particulaf in the form of percolation)
using a solution of protic inorganic acid such as, for
example, sulphuric acid, nitric acid or hydrochloric
acid. This solution is generally concentrated. It

20 contains, for example, from 1 to 3 equivalents of H'
per litre. This operation allows the regeneration of
the active sites in the form of protons and, depending
on the acid used, entails the formation of an eluate
which is rich in sulphates, nitrates or chlorides of

25 the amines retained on thé resin, in particular of
aminocapronitrile.

The direction of flow of the liquid in this

regeneration step can be the same as that in the



external porosity of the bed) on the assunption that the distribution
of the liquid entering is correct and . 5 the bed has no preferred passage.

The second rinsing step consists of the actual rinsing of the resin
i'n order to free the pores in the resin beads of traces of t he
feed solution. The ampbunt of water in thig2case is dependent on the

nature of the resin (internal 10 porosity) as well as on the operating
conditions (i nadsorpgdon @tdegr (idvecurmentatregehexattdion)n orheanethe. iover al |

the transfer of material between the pores and the rinsing solution is
limted by the the seversd idirsicdrion (counteri-csirinenthecgeagsatidh) .
Regeneration of the resin consists of treatnent (in particular in the
f orm of percol é“cl’ll@n)seCOHd tyPien 9fa regemeration dsogensraddyamoseaci d such
as, for npl e, sul phuric aC|d nitric acid or hydrochloric

acid. This sol lﬁﬁ qléfegm Ais \Fheo ooen usxeddy prefegregnt Sonsurgent
exanple, from1l to 3 equival.ents of, per, litre. |s oper ation
al | ows the egéﬁ%?%ﬁ% gn is caxrd u&%“&FFb?'dﬁrFﬁelpﬁr oPaﬁﬁéﬂﬁhs
and, depending the Cld se ntail s .the,f.0 natlon an eluate
which is rich (% i bt G sk g 35 AlsRen nee

e di rect o h%ﬁ“%ﬂév%n% B UG AP o che FAIALE (5 Beg

The direction regenefatlon step can be
the same as thaudthHd'®locked (for example by a slight pressure of an

inert gas above the bed) in order to avoid fluidization

10 of the resin beads. This raising of the bed would have
the consequence, on the one hand, of reducing.the
efficacy of the elution, and, on the other hand, of
mixing the various layers of the bed of resin which are
more or less well regenerated. In the second case, it

15 is not necessary to envisage blocking the bed. On the
other hand, such a blockage (preferably mechanical) is
necessary during the adsorption step, which then takes
place from the bottom upwards. Such a mechanical
blockage takes place, for example, by means of a

20 roughcast ceiling.

The rinsing step after regeneration can be
composed, as for the rinsing step after the adsorption,
of two successive steps: displacement of the
interstitial volume and rinsing of the beads of resin

25 in order to remove the final traces of acid contained
in the porosity of the beads. The direction of the
rinsing is the same as that of the regeneration.

Although the process for purifying the lactam



12 adsorption step (co-current regeneration) or can be in the

reverse direction (counter-current regeneration). This second type of
regeneration is generally nore effective and is the one usually
preferred. Co-current 5 regeneration is carried out with a direction of
passage of the liquid in the bed of Rk8sin which is either

ascendi ng or descending. In the first case, the bed must be bl ocked
(for exanple bﬁeé@uhg%t ahoyes glaegdyadeads tpnar Laghamapdy eorrecked) in

order to avoid fluidization 10 _of the resin beads. This raising of the
bed woul d havePurity. ié& dénhdegferedleon foxemofé RERRA1C8EiPBGULENGPENe
efficacy of the el h%Pn, and, on the other

, af 1 Xi th
various | ayers S6f & o PR TSt WRAEH 1S %@QY %OEDF@paquékg%Wng
ted. | th . it 15,.i s. \ to. i
soenerat oy g S5 Sgsnd o a0 MECEERAEK. £ SRR
rechani | i i L . Lt h t ak
ot f o he B E o Stop G phdeat RYRS iAo ERLER en L RKeS

for exanple, byrBRARF MHydogdhat/idmddFathet@ompBlnds in the lactam The
rinsing step after regeneration can be conposed, as for the rinsing

step after the gads@in, Okkhich coditalivd uhisatRssitienst eThesdl epmpoamast of
t he interstitial volume and rinsing of the beads of resin 25 in
order to renovadehendiniy ttheacespofunds orhdaht siontdin nitriidet he porosity of
t he beads. The direction of the rinsing is the same as that of the
regeneration. functions, suchyashddgh stisetinge egd nopd tpddef pirngerftainact am
10 by-products containing imine functions or carbon-carbon
double bonds.

The hydrogenation is preferably'carried out
before the passage over resin and/or the liquid/liquid
extraction, these latter treatments thus making it

15 possible to remove the amines formed by hydrogenation.

This hydrogenation step is generally cafried
out at a temperature of from 50°C to 150°C, at a
pressure, at the established temperature, of from 1 to
-100 bar and in the presence of a hydrogenation

- 20 catalyst.

Hydrogenation catalysts which may be
mentioned are catalysts based on Raney nickel and/or on
Raney cobalt, optionally, but preferentially,
containing a doping element chosen from the elements in

25 groups IVb, VIb, VIIb and VIII of the Periodic Table of
the Eiements as published in the Handbook of Chemistry

and Physics, 51st Edition (1970-1971).

The catalyst based on Raney nickel and/or on



13 descri bed above already |leads to a | actam of correct purity,
it is preferable, for nost applications of the said | actam and nost
particularly for caprolactam to carry out or conbine the .
l-iquid/liquid extraction step 5 and/ or the step of passage over acidic
resin with a step of hydrogenation a@fg the conmpounds in the |actam

sol ution, which contain unsaturations. These conpounds are mainly the
conmpounds whi clRaxmet adobalitt nide’dl in thd wrHdeyss,cafidmhas ddiagiimr ti ng
amnonitrile or certain 10 by-products containing imne functions or

car bon-carbon besidemuilie rhimkisl or the cobalt andltthehywdysdghredt i on is

preferably carried out before the passage over resin and/or the
l i quid/liquid amountstofadihe metaiesreniatgdfnamedthemhsiginal mldioyy it 15
possi ble to renove the am nes formed by hydrogenati on. Thi s

hydr ogenat i on SSwping thearanaratdian &f the cagialygt.a it-@paenanadlaf from
50[err]C to 150[err]C at a ressure, at the established tenperature,

P
of from1 t alumiggguh,ong, Py A4 gheke dopisg £ n&4Sh a0
catal yst. Hydr ogenati qn cat.al ysts ich may be _
mentioned are &%Im]ﬁséﬁfﬁ“%efﬁ%&am]g&’ um,” tungst@n.copal t
optionally,lmn.égﬁﬁége ﬁh@lly, contai ning a dopi ng el enent chosen
fromthe el enernts 10 groups 1Vb, VIb, VIIb and VIIl of the Periodic

Tabl e of the El em%@;oﬁiﬁgﬁ)ﬁaﬁﬂd‘ TP Al s S SH S I

and Physics, 51st Editio
iron and/or titanium are considered to be the most

10 advantageous. These doping elements usually represent,
by weight relative to the weight of nickel or cobalt,
from 0% to 15% and preferably from 0.1% to 10%.

The catalyst can also consist of a metal,
which is generally a metal from group VIII of the

15 Periodic Table of the Elements, such as ruthenium,
rhodium, iridium, osmium, platinum, palladium, nickel
or cobalt, deposited on a support which is generally a
metal oxide such as aluminas, silicas,
aluminosilicates, titanium dioxide, zirconium oxide or

20 magnesium oxide.

In the supported metal catalysts, the metal
generally represents from 0.1 to 80% of the weight of
the suppért and preferably from 0.5 to 50%.

The hydrogénation step can be combined or

25 replaced with an oxidation step. Preferably, the
oxidation stép will be a step which replaces the
hydrogenation step rather than an additional step.

The oxidation can be carried out using



The catal yst based on Raney nickel and/or on

14 Raney cobalt used in the process can thus contain, besi des the
ni ckel or the cobalt and the residual amounts of the netal renoved.
fromthe original alloy during the preparation of the catalyst, i.e.
general ly 5 alum nium one or nore others5dopi ng el enents, such as,

for exanple, chromum titanium nolybdenum tungsten, I ron or zinc.
Among t hese dohiydgogkanperexidey oozoneaotd/ oxidizingi sahtandiich &stani um are
considered to be the nost 10 advantageous. These doping el enents usually
represent, pobgsgéiughpermhnganadteo t he wei ght of nickel or cobalt,
from0%to 15% and preferably fromO0.1%to 10%

The
catal yst can al so consi sPrefexahdyal the oxigptipnj isgeasrapfyostnwith from
group VIIl of the 15 Periqdi c ,Tabl e ,of the Elengents, such as, ruthenium
rhodi um iridi B¥ETrEgRRURETBKALENER PRELFalPOAI M dReParticular iBpE| ¢,

deposited gn a s ort which.,is general a tal, .oxi de such as
algninas, 3i|i@§§?3m c°nt§FHﬁPﬁogPlFigﬁii,m?FF&nPMﬁ?SFbQFde, zi rconi um
oxide or 20 nagnesiun1%ﬁide sugportgd met al

ln_t he
catal ysts, the netal P iBEaPFICPER: 8PS FRYFRELCD: 3EAYSSF Phe
wei ght of ox&ﬁgtiﬂﬁngEBZnggg%f%géagkchﬁgan'%o&?o@o%ﬁe

The hydrogenation step can
liquid/liquid extraction step and/or the step of
passage over acidic resin, but it is preferably '
10 performed after the liquid/liquid extraction step
and/or the step of passage over acidic resin.

The process according to the invention is
most preferably completed by isolating the caprolactam
by distillation from its aqueous solution which has

15 undergone the vérious purification steps detailed
above.

This distillation is carried out under the
conditions usually used for caprolactam. Thus, it will
preferably be carried out at a pressure below

20 atmospheric pressure, in order to avoid subjecting the
caprolactam to high temperatures over an excessive
period. The absolute pressure will usually be between
100lPa'and atmospheric pressure and preferably between
100 Pa and 20 kPa. Generally, it is advantageous not to

25 exceed a temperature of about 150°C in the boiling
vessel during the distillation. Preferably, the

distillation will be carried out in the presence of a

base. The base can be chosen from alkali metal



25 replaced with an oxidation step. Preferably, the oxi dation step

will be a step which repl aces the hydr ogenation step rather than an
addi ti onal step. The oxi dation can be carried out using

15 hydr ogen peroxi de, ozone or oxidizing salts such as pot assi um
per manganat e. Preferably, f§he oxidation is carried out with

hydr ogen peroxide in basic nedium in particular in a 5 nedium contai ning

an al kal i net ahylydkddiede. alkaline-earth méban hparpkeaess afixkhhe i nvention
i ncl udes an oxi dation step, this can precede or follow the

liquid/liquid eetedctarboshtpsaadfonlkhdiaktepagth metapasaabenavres.aci dic
resin, but it is preferably 10 perforned after the liquid/liquid
extraction stefsuallyanther bake ssed wilpabeageddumr hgdirdikddeesi n.

The process according to the invention is nost preferably conpl eted by
i sol ating the caprol act afhe apppyagust usedt fon thésm distaglevienssktepi on
whi ch has _15 ,undergone the various _purification steps detailed

above. 5  is the apparatyssupppadyoused.cikrwédlobe adwantageous

condi tions usu%fl used tor,ﬁg rolactam Thus, it wll _preferably be
carried out at -8 ﬁ??s?upésﬁé tiop colhPepNBirk Bresaurelativelder to

xcessive - Tsbd gymber SR0LBeAFL T ol BidEgRy | Drehsr Ry ibeabet aBsh
10 theoretical plates.
The amount of base used, expressed by weight
10 relative to the weight of caprolactam, is generally
between 0.01% and 2%. |

The examples which follow illustrate the

invention.

| EXAMPLE 1

15 A crude mixture obtained from a cyclizing
hydrolysis reaction of 6-aminocapronitrile (ACN), pre-
evaporated for 30 min at 90°C in order to remove the
ammonia contained therein, has the following
composition:

20 - ACN: 0.870% on a weight for weight basis
- caprolactam (CPL): 59.10% on a weight for
weight basis
- by-products:” 3.17% on a weight for weight

~ basis

25 - water: remainder to 100% by weight.

A sample of 299 g of this mixture is placed

in contact with 600 g of a mixture containing 30% by



100 Pa and at nospheric pressure and preferably between 100 Pa and 20
kPa. Cenerally, it is advantageous not to 25 exceed a tenperature of
about 150[err]C in the boiling vessel during the distillation. .
Preferably, the distillation will be carried out in the presence of a
base. The base can be chosen from al kali #egtal

16 hydr oxi des, al kaline-earth netal hydroxides, alkali net al
car bonat es andwalilgtit o€- Bdst(R -ethell hesilonak8Fogen phodphalkky anthgokase
used wi Il be sodi um hydroxi de. The apparatus used for this
di still ati on stepweighits oiffheyajpaextine atual ktempeedtuke oifl 5obe.

advant ageous to use a distillation colum which has a relatively

| ar ge nunber oRfttiegoleavial poaeguilpberhteabtheatiicpestion is 10

t heoretical plates. The amount of base used, expressed by
weight 10 ré&lesenfed gndha wemgle 45 tapesl fxpaneach génthel kyo

bet ween 0.01% and 2% .The exampl.es which follow illustrate
the Pnvele&es. in orderxggpmenitorsthe distributjor, gfe thexfGNe
obtained froma cyclJ zing hydrol ysis reaction of 6-am nocapronitrile
(ACN), pre- an%y&ﬁ%ﬁbﬁhpgﬁ'for 30 min at 90[err]Cin order to renove the

ammoni a cont ai ned there'%heh%%eEQ i%%lkgwkggeated with the aqueous

phase obtained from the first extraction (or first
extraction stage), with 366 g of the same mixture of
10 bis(2-ethylhexyl) hydrogen phosphate and cyclohexane,
but at a temperature of 34°C (second extraction stage).
The results obtained in the two extraction
stages are combined in Table 1 below.
The coefficient m corresponds to the ratio of
15 the contents by mass of the compound considered,.in the

two phases at equilibrium.



conposition: 20

by- product s:

caprol actam (CPL):

- ACN: 0.870% on a weight for weight basis

59.10% on a wei ght for
3.17% on a wei ght for weight

wei ght basi s
basis 25
A sampl-e of 299 g of

in contact wagh 600 g of a m xture containing

- water: remainder to 100% by wei ght.
this mxture is placed
30% by . 17
bi s( 2- et hyl hexyl I hydrogen pnospngte and [70%
at a tenperature|gf 50[err]C Diter [l waving
di spersion is Udecanted and aj sanpl e |i s t aker
phases, in order{to nonitor the d Stributfi §n of t
CPL. The operatiop IS repgeared w
obtained fromthe¢ @irst extractionﬁlor filret
366 g of the samp ®ixture of 10 hi s(2- gt Ryl hexy
cycl ohexane, btHr—at—p—terperpture—ot—34-e+r}
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[err] 19 EXAMPLES 2 TO 5

A crude m xture obtained froma cyclizing hydr ol ysi s reaction of

6- am nocapronitrile (ACN), pre- evaporated for 30 min at 90[err]Cin
order to renove the 5 ammonia contained therein, has the foll ow ng
conposi tion: - ACN: 5. 30%@n a weight for weight basis

- caprolactam (CPL): 56.90% on a weight for - wei ght basis
10 EXAMBEIES Ioy-mor &ducts (eluting in

chronat ogr aphy before the CPL): 0.14%on a wei ght for

wei ght basi s A crudehedwture obrditied (feloi iangyafltieinghe CPL):
0.58% on a weight for weight basis 15 - water: remainder to
100% by wei ght hydrolysis reactiocfhicf féeethimocaprenitrileat(AdN),t pras anount
of macroporous sul phonic resin (brand nane Anberlite 252 Herr])

i ndi cated in T&MapxraradbforTH0s migsiat, SHHNC i order tor glemove ftdwem i s

prewashed wi th water, and ethanol . . )
5 ammonia contaithed therein, has the following

composition:
- ACN: 5.30% on a weight for weight basis
- caprolactam (CPL): 56.90% on a weight for
weight basis

10 - light by-products (eluting in

chromatography before the CPL): 0.14% on a
weight for weight basis

- heavy by-products (eluting after the CPL):
0.58% on a weight for weight basis

15 - water: remainder to 100% by weight.

This feed mixture is treated with an amount
of macroporous sulphonic resin (brand name Amberlite
252 H®) indicated in Table 2 below. This resin, sold in
protonic form, is prewashed with water and ethanol.

20 Two feed mixture/wet resin volume ratios are
used. This ratio is determined such that the ratio
(expressed in equivalents) between the ionic charge in
the solution (taking only the ACN into account) and the
theoretical number of active sites in the sulphonic

25 resin is in the region of 1 (Example 2) and of 0.3
(Example 3).

The treatment consists in placing in contact,

in a stirred reactor, a determined volume of feed



20 Two feed m xture/wet resin volune ratios are used.
This ratio is determ ned such that the ratio (expressed in
equi val ents) between the ionic charge in the solution (taking only
the ACN into account) and the t heoretical nunmber of active sites in

t he sul phonic 25 resin is in the regioggof 1 (Exanple 2) and of 0.3
(Exanmpl e 3). ' The treatnent consists in placing in contact,
in a stirred rsdstare andetefika@damohibeodf wheedesin, at 80°C. After

20 m xture and a fixed anmount of wet resin, at 80[err]C After

| eavi ng to st adeavangakpl stehd, i gusdmpiet 6€ehiguildaigagtaken and a gas
chromat ography assay is carried out, in order to det er m ne tﬁe
partition of tRbBropategrapbywessayhés c8rriedl autpniandréiee tesin:

wei ght/wei ght (ww) contents of the solution at the end of the

t reat ment . etermine theTpartihidonegfstheespeciesdbetweent bha nore
dilute feeg nixtire,of the follow ng conposition: - ACN:
3.30% on a wei §RLUFPRBREhthBaEpging owelght /weight. (¥4w) otentent & OPE) :
35.70% on a mekﬂht fgr . _ meight basi s : - light
by- products (efFfifi ig-BEFBPedEhEREPpRd of the treatmentg g9 on a wei ght for
wei ght basi s roducts (eluting after the CPL):

- _heavy, by-
15 0.36@6on_ghﬁefaﬁ? $8¥tﬁe?gﬁtcﬁﬁ§?§ out with a more  gier:
Lgrﬁ'nder to 189?ﬁ9¥ $8E8hixture of the follgaghg gogsgg¥£gg£Lates the
- ACN: 3.30% on a weight for weight basis
10 - caprolactam (CPL): 35.70% on a weight for

weight basis

light by-products (eluting before the CPL):

0.09% on a weight for weight basis

heavy by-products (eluting after the CPL):
15 0.36% on a weight for weight basis
- water: remainder to 100% by weight.
Table 2 below collates the main
characteristics of the various examples, as well as the

results obtained.



characteristics of the various exanples, as well as the results

obt ai ned. 21 [err]
22 " The water content in these tests has no clear )
i-nf l uence on the behaviour of the resin with respect to t he vari ous
conmpounds. Wth a solutiongresin ratio of about 0.3, an 5
ACN content of |less than or equal to 0.01%is reached.
Binding of the CPL to the resin is negligi ble, or even zero, whereas
the light and heavy fractions show a relatively large affinity for
t he resin. 10 EXAMPLE 6 A crude m xture
(contai ning 60% by wei ght of caprol actam obtained froma cyclizing
hydr ol ysi s Feact on of 6-an1nobapr?n|trlle (ACN) TS heated, at
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at nospheric pressure, at a tenperature starting at 20[err]C 15 and
rising up to 111[ferr]Cin the boiling vessel, for a few hours in
order to renove the anmmoni a contai ned therein. After this
operation, the solution contains 77.6% on a weight for weight basis,
of organic products whose wei ght. diggribution is as follows: 20

97.42% caprol actam 1.71%on a weight for weight basis of ACN and

0.87%on a weight for werrglet wagels cohtent invahesdstekR8r hA%- AbOBIEhLS.
This m xture is then passed, at a flowrate of 3.1 litres/hour, over

a macroporous dwfjlnence oasithe Pehavibuzndfnahe Bu@hntﬁ16h258sbéetrhofrom

t he conpany Rohm & Haas) . The passage over resin
causes decol or ithat various compounds. 23 of
the aqueous caprol actam sol ution: the solution goes from an orange
colour to a pale yell ow ¥Witbua. solution/resin raAboquBEhbut fha, an

by- products were retai ned on t he resin. The wei ght
content of ACNACY| copgeptogdedess thaﬂepatﬁﬁﬁaﬂotPhQ 83pr deateanhednil e the
caprol actam purity rose to 99.8% no account being, taken of the

wat er present. Bindingtpg ther GPhctontES GEPR Lfus treated is 10

distilled usin pac col um cont ai ni n p mat el_y_ 20
t heoreti cal gﬁgglq ﬁﬁﬁh e Opr EIERCESEP W gereeszﬁﬁgfi bﬁ ABALPLGEY o the
caprol actam aEr%cQ 15t show a relatively large affinity for the

resin.

10 EXAMPLE 6
A crude mixture (containing 60% by weight of
caprolactam) obtained from a cyclizing hydrolysis
reaction of 6-aminocapronitrile (ACN) is heated, at
atmospheric pressure, at a temperature starting at 20°C

15 and rising up to 111°C in the boiling vessel, for a few
hours in order to remove the ammonia contained therein.

After this operation, the solution contains
77.6%, on a weight for weight basis, of organic
products whose weight distribution is as follows:

20 97.42% caprolactam, 1.71% on a weight for weight basis
of ACN and 0.87% on a weight for weight basis of
various other by-products.

'This mixture is then passed, at a flow rate
of 3.1 litres/hour, over a macroporous sulphonic resin

25 (brand name Duolite A 252 H® from the company Rohm &
Haas) .

The passage over resin causes decolorization



gradual ly reduced to a final value of 650 Pa, the tenperature in the
boiling vessel reaching a maxi num of 15 145[err] C during the

distillation. The first head fraction contains the water and nost of
t-he remaining |ight by- products. The follow ng fractions have a
caprol actam titre of greater than 993996% (assay by gas

chromat ography). 20 The distilled caprolactam satisfies the

speci fi cati onsofoehehagpeepar ahpeslattanl ¥omrideofi: the solution goes
per manganat e i ndex (according to |ISO standard 8660 3.24

(speci ficati onfxofm) an orange colour toea pa$esye§16w060mbhkLeqU|vaIent
(nmeq)/ kg 25 of CPL (specification < 0.1)

vol ati |l e bases (accordlngbbutl85%sbﬁndhedby products were Béﬁéine& éh
meg/ kg (specification < 0.5) - UV absorbance at 290 nm
(according to FBe resin. 24

st andard 7059) 0. 047 (sgecifigation < 0.05). EXAVPLE 7

About 8 kg>of a crude ni FGrEeGEBﬁtQPﬂFﬁQtSQ@bACN fedlnkpght 0806%
caprol actam) o I ned frongﬁsczclizin r0|§SIS reacti on of

6-aninocaproniFFiFElYﬁcﬂ? apr°ﬁ§§F€H'aW atfosPReFPRTBLRSERRe, at a
LemPerature ourEhdr hpd o 800841 SoradbiskretR pttal T 1 (e
water present.
The caprolactam solution thus treated is
10 distilled using a packed column containing
approximately 20 theoretical plates, in the presence of
0.2% of NaOH relative to the caprolactam, at a pressure
gradually reduced to a final value of 650 Pa, the
temperature in the boiling vessel reaching a maximum of
15 145°C during the distillation. The first head fraction
contains the water and most of the remaining light by-
products. The following fractions have a caprolactam
titre of greater than 99.996% (assay by gas
chromatograpﬁy).
20 The distilled caprolactam satisfies the
specifications for the preparation of polyamide 6:
- permanganate index (according to ISO standard
8660): 3.24 (specification < 5)
- free bases: < 0.06 milliequivalent (meq)/kg
25 of CPL (specification < 0.1)
- volatile bases (according to ISO standard
8661): 0.45 meg/kg (specification < 0.5)

- UV absorbance at 290 nm (according to ISO



After this operation, the solution contains 10 67% on a weight for

wei ght basis, of organic products whose wei ght distribution is as
foll ows: 93.09% of caprolactam 6.19% on a weight for weight basis of
ACN and 0.72% on a wei ght for weight basis of various other

by- products. 15 The free basgs represent 706 neq/ kg, the

per manganate value is 93 and the volatil e bases represent 620 neq/ kg.
The pernmanganate val ue | standatfieven®): 0.04Thpspeterichtionhronntbs) .

per manganate nunber. It 20 corresponds to the nunber of millilitres of
0.2 N pot assi um per manganat e solutlon consuned per kil ogram of
caprol actamin sul phuric nedium A continuous hydrogenation
is carried outEBAMPLE.7 a portion of the caprol actam solution. 670 g of
this 25 solution are loaded into a 1.3 1 stirred autocl ave whi ch

al | ows conti nuous operatAbQUtaBOHQ ofta goudeonixture fapryainirgnt?dning
1. 7% of C and 0.8 ol of KOH

25 Ni. by weight of cmoa{a%emhv@btglmét §H°@oa89¥§1%¥@%t a
pressure ﬁf 20_bar of hydrogen gnd iLs then fed mi
capr ol act amh soP¥EF8LYSisareartia 860 FAR-2ACRREOROEEL LS iAﬂNk£?F§olut|on

at a rate of 2 t dlsgrlbutl n of organi c

h
or oduCt S Refitefcah, ArngeRhesicHREeRBtEr Roht | & ThemBErrEise o5 Soo,

starting at 20°C and rising up to 111°C in the boiling
vessel, for a few hours in order to remove the ammonia.
After this operation, the solution contains

10 67%, on a weight for weight basis, of organic products
whose weight distribution is as follows: 93.09% of
caprolactam, 6.19% on a weight for weight basis of ACN
and 0.72% on a weight for weight basis of various other
by-products.

15 The free bases represent 706 meg/kg, the
permanganate value is 93 and the volatile bases
represent 620 meg/kg.

The permanganate value is a different
characteristic from the permanganate number. It

20 corresponds to the number of millilitres of 0.2 N
potassium permanganate solution consumed per kilogram
of caprolactam in sulphuri¢ medium.

A continuous hydrogenation is carried out on
a portion of the caprolactam solution. 670 g of this

25 solution are loaded into a 1.3 1 stirred autoclave |

which allows continuous operation, along with 30 g of

Raney Ni containing 1.7% of Cr and 0.8 mol of KOH/kg of



of caprolactam 5.8% of hexanet hyl enedi am ne, 0.01% of ACN and 1. 3%
of various other by-products. 10 The free bases represent 1446
meq/ kg, the per manganate value is 54 and the volatile bases .
represent 116 neq/kg. The hydrogenate is then passed over
4.4 litres of the resin defined in Exanplgs 6, under the 15 sane

condi tions. The wei ght distribution of organic products

in the solutiap after passage over resiin is as foll ows: 99. 92% of
caprolactam 0.08% for all of the other by- products. 20

The free bases representThs aEfpdavé ks heatedetorBBINadte &/ Pressirel8 and
‘the vol atile bases represent 4 neqg/ kg. The

capr ol act am sobfit20rbahust thyedtegen s and is dilsdn | fesdl wicth itheously in three
steps using a packed 25 col um cont ai ni ng about 45 theoretical plates,
in the praseebac tim 05Dy thNedH atel aityake tof t5Q0 avfhr drd tagneous under
a reduced pressure: firstly dehydration of the sol ution and recovery
of the cap'n‘PoI abtMKQH sekubinn A% a rate of 29 g/h.

26 foll owed by rempval of the_head, fraction_ of the, capr ol act am
and finally distillationt®? Yekokafibfecilyption of jqrganic products

The distillatig& gﬁgq&}.qgiagégeaéhﬁgléﬁwgined is as follows: 92.89%
of caprolactam, 5.8% of hexamethylenediamine, 0.01% of
ACN and 1.3% of various other by-products.

10 The free bases reprgsent 1446 meg/kg, the
permanganate value is 54 and the volatile bases
represent 116 meqg/kg.

The hydrogenate is then passed over
4.4 litres of the resin defined in Example 6, under the

15 same conditions.

The weight distribution of organic products
in the solution after passage over resin is as follows:
99.92% of caprolactam, 0.08% for all of the other by-
products.

20 The free bases represent 53 meqg/kg, the
permanganate value is 18 and the volatile bases
represent 4 meqg/kg.

The caprolactam solution thus treated is
distilled continuously in three steps using a packed

25 column containing about 45 theoretical plates, in the
presence of 0.2% NaOH relative to the caprolactam,
under a reduced pressure: firstly dehydration of the

solution and recovery of the caprolactam at the bottom,



5 pressure of about 2000 Pa at the bottom tenperature in the boiling
vessel reaching a maxi mum of 145[err] C during the distillation.

The distilled caprolactamhas a purity of 99. 995% and satisfies the
specifications for the 10 preparation of polyam de 6: -

per manganat e i ndex (according to | SO stanggrd 8660): 2.9

- free bases: 0.05 neqg/kg - vol atil e bases (according to

| SO standard ¥sllowed by remd@@l) ofO+h8 Hedbk@iraction of the W
absorbance at 290 nm (according to | SO standard 7059):

0. 024. chysbRectdm and finally disfiliatEsanpfetihe abpubliltksm of
the same 20 crude m xture containing 57% by wei ght of caprolactam

are treated i niduséddif.t o renove the amoni a therefrom The
caprol actam sol ution is then passed over 2 litres of the resin
defined in Exanple 6, un@be dietillatisaneondidiivnsnere 88 follows:  The
wei ght distribution of organic products in the solution after passage
over resind s R¥epsurenef about QQOQQR@oﬂtcébﬁobaétanm OemgﬁiétuAeNland
0.49% for all of the ot her
by-products. the boiling vessgd resebinged F‘éﬁ#@é‘@n?fzééf’ﬁﬁqﬂkg‘mghe

the distillation.
The distilled caprolactam has a purity of
99.995% and satisfies the specifications for the
10 prepération of polyamide 6:
- permanganate index (according to ISO standard
8660): 2.9
- free bases: 0.05 meq/kg
- . wvolatile bases (according to ISO standard
15 8661): 0.18 meqg/kg
- UV absorbance at 290 nm (according to ISO

standard 7059): 0.024.

EXAMPLE 8
As in Example 7, about 10 kg of the same

20 crude mixture containing 57% by weight of caprolactam

are treated in order to remove the ammonia therefrom.
‘ The caprolactam solution is then passed over

2 litres of the resin defined in Example 6, under the
same conditions.

25 The weight distribution of organic products
in the solution after passage over resin is as follows:

99.29% of caprolactam, 0.22% of ACN and 0.49% for all



per manganate value is 95 and the volatil e bases represent 48 neq/ kg.

5 The sol ution obtai ned after passage over resin (53.1%
by wei ght of caprolactan) is oxidized under the follow ng conditians.
107 g of aqueous 30% sodi um hydr oxi de sol ution are added and the

m xture is then heated to 50[err]C erth stirring. 53.2 g of aqueous
10 30% hydrogen peroxi de sol ution are then poured in and t he

m xture i s mai rdfaluhad ctthex0 bgr-prGdultitse bubbling with nitrogen for 2
hours 30. The wei ght distribution of organic products

in the oxidate thus obtaiThed fireeadbafselsd aepre@entd268 mbh/kgaprhleact am
0.07% of ACN and 0. 33% of various ot her by- products.

The free bases dpeaganatZyaing g Ihend thepyotmtddeabasesi ue is 180 and
the vol atil e bases lildﬁresent 54 meq/ kg. 20 Thi s oxidate

is then distil ePresfthdSusie@/kg. with the sane apparatus and under the

sane conditjons as in Exanple . The distilled
capr ol act arﬁ has a pur| ty e solutiem mad-ﬁ&dsétﬁt@ﬁ' SRSSRFEs P¥EXT i cat i ons

(O e, 125, Bl T P YRS campgapecam, 1. RITHIET © | 100
bases: 0.07 ”Ewﬂgér the following conditions. 107 g of aqueous 30%

sodium hydroxide solution are added and the mixture is

then heated to 50°C with stirring. 53.2 g of aqueous

10 30% hydrogen peroxide solution are then poured in and
the mixture is maintained at 50°C while bubbling with
nitrogen for 2 hours 30.

The weight distribution of organic products
in the oxidate thus obtained is as follows: 99.6% of

15 caprolactam, 0.07% of ACN and 0.33% of various other
by-products.

The free bases represent 238 meqg/kg, the
pérmanganate value is 180 and the volatile bases
represent 54 meqg/kg.

20 This oxidate is then distilled continuously
with the same apparatus and under the same conditions
as in Example 7. |

| The distilled caprolactam has a purity of
99.99% and satisfies the specifications for the

25 preparation of polyamide 6:

- permanganate index (according to ISO standard

8660): 3.4

- free bases: 0.07 meqg/kg



28 volatile bases (according to | SO standard 8661): 0.25 neq/kg WV
absorbance at 290 nm (according to | SO standard 7059): 0.032.

CLAI M5 1. Process for purifying a | actam obtai ned from
the cycli zing vapour-phase hydrolysis of an al i phatic amnonitrile,
characterized in that, without .5 prior ggstillation of the |actam and
after nost of the ammoni a contai ned therein has been renoved, the said
| actam i s subjected-to avbilguidél bgsied ¢xttocting usi M0 standasdl vent
conprising a solvent of acidic nature and/or the said lactamis placed
in contact with a cation86610:eRcBanpeqgrkgi n, and in that the | actam used
is chosen fromthose obtained by cyclizing vapour-phase

hydrol ysis of an al rphat P¥ absashancel stoR9§enmr §accordihgr trol ASQ! ) :

[err] 15 in which R represents an al kyl ene radi cal containing from3
to 12 carbon atons standard 7959)pr8c@38-according to claim 1,
characterized in that the lactamused is chosen from t hose which are

obt ai ned by cyclizing vapour-phase 20 hydrolysis of an aliphatic
amnonitrile of general formula (1):



Terr]

r adi cal

in mhlch R represents a lin kvl ene
' l{mwm;u! " " .’ 9 carbon atons. 25 TH!S ‘SHEET HAS BEEN
Process accord| ng* aims 1 and 2, charactpri Ze(REPhACEﬂt

the lactam preferentially used i s caprol actam preparet—frTom
6- ami nocapr oniwoi 9&/05636 ' 29 AVENDEDPEI/FR97 /01426

30

characterized in that the lactamto be purified is
aqueous sol uti on whose | actam

up

used in the Ii qg %%+g€:gﬂext r%g f’é‘, 'Cs‘h qb %zed st tt}}/adcr ogaeé'{:ephosphat e

4. Process according to one of clains 1 to

to 15% of the wki ghtPEPcesR For ey ERoing & ramiam rekipined
to 10% of this_weig Pr.oc accor dj to one of
claine 3 o EromEtheafdtining cepetrihath e %@éfﬁl%@é&%. ¢ nature

and preferably

Pr ocess acgor
sol vent of aci

di al kyl

10

15

20

25

8gtt<9f Of'ﬁe Oémrﬁéﬁigscénéé’nhed thére | qUI J?één?— %derﬁcpvéci"at t he

xtraction is a

I'C nat used | T qui

auéreafa pa_eemaig sibj &8t d@ridil & i fhidndiga | 1 near

extraction using a solvent comprising a solvent of
acidic nature and/or the said lactam is placed in
contact with a cation-exchange resin.

2. Process according to claim 1,
characterized in that the lactam used is chosen from

those which are obtained by cyclizing wvapour-phase

hydrolysis of an aliphatic aminonitrile of general

formula (I):

N=C-R-NH, (1)
in which R representslan alkylene radical containing
from 3 to 12 carbon atoms, and preferentially from
those obtained from aminonitriles of formula (I), in
which R represents a linear alkylene radical containing
3, 4, 5 or 9 carbon atoms.

3. Process according to either of claims 1
and 2, characterized in that the lactamlpreferably used
is caprolactam, prepared from 6-aminocapronitrile.

4. Process according to one of claims 1 to
3, characterized in that the lactam to be purified is
in the form of an aqueous solution whose lactam

concentration is from 20% to 80% on a weight for weight

This Sheet Has Been Rei aced

AN

in the formof an
concentration is from20%to 80% on a
wei ght for wei ght 5 basis. CLAIMS 5, Process according to one
of clains 1 to 4, characterized_ in that_the amnnonitrile represents



‘or branched Mtical al kyl groups 20 contain from1 to

12 carbon atjﬂﬂ’ 8. Process according to ope—et—ectatrs—1
to 7, ’Hﬂ'}”&ﬂ’l&gﬂ hat the sol vent of acidic natpf@lS SHEET HAS BEEN
in the liquid/liquid ! gﬂ%n is bis(2- et hyl hexyl )| hydr &€bACED

phosphate. 25 : Process agcording to one of clraims I 1O

8, characterized in that the solvent of acidic nature Is used as a
m xture with agdiwer organic liquid, AVENDED
SHEET 31 referred to as a
diluent, the solubility %f tiPdasHsimccordingn themd loferdldiedsnd ltess t han
or equal to 200 grans per litre at 25[err]C and preferably | ess than
or equal to 4, cHeXhapreanzeqibrin ithad theb aminonitrile ME&prefreptes up '
according to one of clains 1 to 9, characterized in that the
proportion of &t |ik#toff the weighte df qiliel lssam @nshmnefanahlye from
liquid/liquid extraction in the process of the invention ranges from
0%t o 80%q51nd Orldy rubt® feforkum el on a weight 10-  for wei ght

basi s. 11. Process accordi rg%éo one of clains 1 to
10, characterized in thdt: t hPRRAGRE FAIEIG fePhet claingded®s 1 actam

2ol il on Sub) o6t s L 05 U B LGRS sonvdlle SLSCH T SOy
used in the liquid/liquid extraction is an alkyl
hydrogen phosphate and preferably a dialkyl hydrogen

10 phosphate.
7. Process accoiding to one of claims 1 to
6, characterized in that the solvent of acidic nature
used in the liquid/liquid extraction is a dialkyl
hydrogen phosphate in the formula of which the liﬁéar
15 or branched and preferably identical alkyl groups
contain from 1 to 12 carbon atoms.
8. Process according to one of claims 1.to
7, characterized in that the solvent of acidic nature
used in the liquid/liquid extraction is bis(2-
20 ethylhexyl) hydrogen phosphate.
9. Process according to one of claims 1 to
8, characterized in that the solvent of acidic nature
is used as a mixture with another organic liquid,
referred to as a diluent, the solubility of ﬁhe lactam
25 in the diluent being less than or equal to 200 grams
per litre at 25°C and preferably less than or equal to

100 grams per litre.

10. Process according to one of claims 1 to

This Sheet Has Been Reilaced
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12. Process accordlng to one of clainms 1 to 11, characterlzed I n that
the tef HMM’ Hmmm h the extraction is carried .
10[err is preferably from20[err (o] ]éHA$GEEN

: Process according to one of clains 1 REP
characterlzed in that the cation-exchangesfesin is chosen from —
pol yneric resins containing functions of acidic nature, preferably
fromresins begri ehatacpeeized in thatldh@rp%ébb@tibhcoicaﬁlﬁéﬁﬁthﬁns and

pol ymeric resins .25 of conpl exi ng nature, preferably containing
i m doacetic the dicadidnagkdspbopatrivubati @he. liquid/liquid 14. Process

according to claim 13, AMENDED SHEET
32 char aexériagédonn inhahet processonfexhkatgeenedon ranges frofosen
from cati on-exchange resins containing sul phonic acid functions and

cont ai ni ng a mA&r &9oB8%s andr prefieyably from 10% to 60%. ofr acweightcordi ng
to either of clains 13 5 and 14, characterized in that the | actam
solution 5  Torewedahki PRSAScati on- exchange resin conprises fron110@6

to 90% of dissol ved conpqunds_by wei ght relative to the i ght of the.
sol ution, and preferablyaﬁronpﬁeﬂFﬁﬁ 8ggprding to one of clelmPréCEQs

di £ 13 ¢ hat act d {n that th
[ catmont on 80 cPeracteriien i, har PR VRl iR TRac RERER Ehe

conpri ses a= aque%%%lﬁagggﬁp§89uggoﬁnsﬁg§8 EEdOQOSEEE ext%%gglon anaSlng
the extraction solvent ranges between 1/5 and 5/1 and

10 preferably between 2/1 and 1/2. '

12. Process according to one of claims 1 to
11, characterized in that the temperature at which the
extraction is carried out is between 10°C and 90°C and
is preferably from 20°C to 80°C.

15 13. Process according to one of claims 1 to
5, characterized in that the cation-exchange resin is
chosen from polymeric resins containing functions of
acidic nature, preferably from resins bearing sulphonic
acid or carboxylic acid functions and polymeric resins

20 of complexing nature, preferably containing imidoacetic
or aminophosphonic functions. |

14. Process according to claim 13,
characterized in that the cation-exchange resin is
chosen from cation-exchange resins containing sulphonic

25 acid functions and containing a macroporous structure.

15. Process according to either of claims 13
and 14, characterized in that the lactam solution

treated with a cation-exchange resin comprises from 10%

'Ihs Sheet Has Been Re
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afte a_step of regeneration of the bed by

cont Ith a solutlon of a protic 15 inorganic acid, a

ri ns@l’ ’mm the regeneration flow L CED.
Proc ﬂm ne of clains 13 to 16, characterized in 1

t he regeneratl'bn of *the resin IS ca32ied out using a solution of
protic inorganic 20 acid such as sul phuric acid, nitric acid or
hydrochl ori c ated90% of dissolved cagpowndschy weiwhtli relabivactoftheai ns 1
to 17, characterized in that the liquid/liquid extraction ~ step
and/ or .t he steﬁeégh‘paQEa‘gbeoﬁ@luﬁéPErcaﬁéspﬁef-%ra INg %F@Ee%i%l B #P%is
conbi ned with a hydrogenation_ste Process accordlng
to claim 18, charac?érlZEHOFﬁSFh%?c?ﬁglﬂ?dF%g%ﬁ%t?%Hc%ﬁ%mﬁ|% cePried
AVENDED SHEET put in the
presence of a &arafYeraghgténct ot Eaeh §1§?Streatme%'és%?i TS ni ckel

chosen from  CsERRg ep in e EREIANE, (Y EQRPLE, Qindefl 1P O T o
Periodic Tabl eq 183%BR§SE%FCBESéﬁté&!oﬁﬁtﬁoﬂeééépfrQ”éte%n?fgﬁﬂﬁglﬁ%" of

t he Periodic Ta enents, suc as rut heni

iridium osm uattekahaawpuon, apatégdbﬁnkegéﬁé@at%ncebatﬁe veRosyted on
a support. 20. Process according to one of clains 1 to

placing in contact with a solution of a protic

inorganic acid, and a step of rinsing after elution of
10 the regeneration flow.
17. Process according to one of claims 13 to
16, characterized in that the regeneration of the resin
is carried out using a solution of protic inorganic
acid such as sulphuric acid, nitric acid or
15 hydrochloric acid.
18. Process according to one of claims 1 to
17, characterized in that the liquid/liquid extraction
step and/or the step of passage over acidic resin is
preceded by or is combined with a hydrogenation step.
20 19. Process according to claim 18,
characterized in that the hydrogenation step is carried
out in the presence of a catalyst chosén from catalysts
based on Raney nickel and/or on Raney cobalt,
preferentially containing a doping element chosen from
25 the elements of groups IVb, VIb, VIIb and VIII of the
Periodic Table or catalysts consisting of a metal from
group VIII of the Periodic Table of the Elements, such

as ruthenium, rhodium, iridium, osmium, platinum,

o —
-
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10 19—<haraeterized in that the liquid/liquid extraction st-ep

and/ or ge over acidic résinis prece miSrSHEEﬂrm&BEEN
by an .okﬂﬁ []Jilmi niﬂ 21. Process according o cl &PECED
char act €% | e oxidation step is after the 15 ‘trgurdirourd

extraction step and/or the step of passage over acidic resin and is
carried out using hydr ogen peroxi de, ozone or oxidizing salts such as
pot assi um per npaddadiam, pnétkeabby asbalithydepgsited on aesapbdetin basic
medium 20 22. Process according to one of clains 1 to

21, characterized in tha0thePsacdsgraceerdingcbapbreedf claimbyli sol ation
by distillation, in the presence of a base, of the caprolactam from
its aqueous sol8ti sharacterjppdhinathahdthgohdquid/Laguddseptractiani on

steps 25  above. AMENDED SHEET
step and/or the step of passage over acidic resin is

5 preceded or followed by an oxidation step.

21. Process according to claim 20,
characterized in that the oxidation step is after the
liquid/liquid extraction step and/or the step of
passage over acidic resin and is carried out using

10 hydrogen peroxide, ozone or oxidizing salts such as
potassium permanganate, preferably using hydrogen
peroxide in basic medium.

| 22. Process according to one of claims 1 to
21, characterized in that the said process is completed

15 by isolation by distillation, in the presence of a
base, of the caprolactam from its aqueous solution
which has undergone the various purification steps

above.
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