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PROCESS FOR PURIFYING LACTAMS

The invention rélates to a process for
purifying lactams, in particular the lactams obtained
by cyclizing hydrolysis of an amincalkylnitrile.

The invention relates more particularly to
the purification of e-caprolactam obtained by cyclizing
hydrolysis of aminocapronitrile,

Lactams and in particular €-caprolactam are
important chemical compounds used as starting materials
in the manufacture of many produpts. One of the most
important applications is the manufacture of polymers
such as polyamides.

Among the processes for synthesizing lactams
and in particular &-caprolactam which have been
proposed is a process consisting in hanufacturing an
aminoalkylnitrile such as aminocapronitrile and then in
carrying out a cyclizing hydrolysis of this
aminonitrile. This process, which may be carried out in
liquid or gaseous medium with or without solvent, is
disclosed, for example, in patents EP 0 729 454,

EP Q0 729 453, EP 0 793 650, EP 0 793 651, EP 0 794 943,
EP 0 815 077, EP 0 815 078, EP 748 797, EP 659 741 and
WO 96/22974.

An important step in the manufacture of

lactams, in particular &-caprolactam, when these need

to be used as monomers in the manufacture of polymers



for exanple by distillation. PROCESS FOR PURI FYI NG LACTANMS The
invention relates to a process for purifying lactans, in Baknedi04r the

| actanms obtained by cyclizing hydrolysis of an am noal kylnitrile. The
invention relates nore particularly to the purification of E-caprolactam
.obtai ned by cyclizing hydrolysis of am nocapronitrile. Lactans and in
particul ar E-caprolactamare inportant chem cal conpounds used as starting
materials in the manufacture of nmany products. One of the nobst inportant
applications is the manufacture of polyners such as pol yam des. Anong the
processes for synthesizing lactans ang in particul ar E-caprol actam which
have been proposed is a process consisting in manufacturing an

am noal kyl nitrile such as am nocapronitrile and then in carrying out a
cyclizi ng hysuchyasspolyahi&esanisoshérphiei £ THLSL PR 06£SBhe Wi ch MY be
carried out in Iliquid or gaseous nediumw th or w thout solvent, is

di scl osed, Pvedestspl spechfpasbhys EPrOtHESe 4okl ERAOLTRY, 453 EP 0 793

650, EP O 793 651, EP O 794 943,
lactam must satisfy hlghly stringent and demanding
purity criteria. These criteria are defined by various
5 dindices or cohcentrations corresponding to several
types or categories of impurity. These main criteria
are:
permanganate number (Imm%)
content of volatile bases (Iys)
10 UV index (Iyy)
Various purification processes have already
been proposed. Thus, US patent 5 496 941 discloses a
process for purifying caprolactam extracted from the
reaction medium of a cyclizing hydrolysis by
15 distillation comprising a hydrogenation step followed
by a treatment in acidic medium (treatment on
hion—exchange resin or distillation in sulphuric acid
medium) and a distillation in basic medium.
European patent application No. 24/3608
20 discloses a process for purifying crudé g-caprolactam
obtained by cyclization of an alkyl 6-aminocaproate,
which consists in carrying out a crystallization of the
caprolactam. According to the said document, certain
components such as N-methylcaprolactam,
25 methylvalerolactam and valeramide are removed by

crystallization. The process disclosed indicates that



'EP 0815 077, EP 0 815 078, EP 748 797, EP 659 741 and WD_96/22974. An

I nportant step in the manufacture of lactans, in particuIaQJEnégﬁpélactan1
when these need to be used as nononers in the manufacture of polyners

such as polyam des, is the purification of the products. Specifically, for
t hese applications, the Ilactam nust satisfy highly stringent and demandi ng
purity criteria. These criteria are defined by various indices or
concentrations corresponding to several types or categories of inpurity.
These main criteria are: pernmanganate nunber (IKVho4 ) content of

vol atil e bases (1VB) WV index (luv,) rious purification processes have
al ready been proposed. Thus, US patent 5 496 941 discloses a process for
purifying caprolactamextracted fromthe reaction nediumof a cyclizing

hydrol ysis biedeapibliatian eAUB b3,8¢a81 1¥dr0ggpakiensstap fol lowed by a
treatnment in acidic nmedium (treatnent on 1o0on-exchange resin or

distillati opeinisebppurieyaerdraedhupbgandiagdisei hatbep bp basic medium
Eur opean patent application No. 94/3608 disc?oses a process for purifying
crude E-capvolatfiam babeai and byiecyv! izaékoRoef aBBoapkybnba@ni nocapr oat e,
wavelength of 290 nm.
5 ' However, the said document does not specify
whether or not the third purity criterion, the
permanganate number, is achieved.
In the case of a caprolactam.obtained from
the cyclizing hydrolysis of an aminocapronitrile
10 obtained by semihydrogenation of adiponitrile, the
purity criteria of the caprolactam are achieved by
carrying out purification processes described above
comprising several successive treatments, in particular
an acidic treatment and a final distillation in basic
15 medium.
In such processes, the production of a
caprolactam of the desired purity requires the
implementation of a distillation operation with a large
heavy fraction (fraction of products with a high
20 boiling point) comprising a large amount of lactam in
the form of lactam or oligomers. This loss of lactam is
detrimental to the process.
One of the aims of the present invention is
especially to overcome this drawback by proposing a
25 process for purifying lactams making it possible to

obtain a product that satisfies the desired purity



whi ch consists in carrying out a crystallization of the cgprol%%tﬁm
According to the said document, certain conponents such a$JuneZ200

N- net hyl caprol actam nmet hyl val erol act am and val eram de are renoved by
crystallization. The process disclosed indicates that t he caprol actam
thus crystallized satisfies the required purity criteria regarding the
content of volatile bases and the UV index for absorption at a wavel ength
of 290 nm However, the said docunment does not specify whether or not the
third purity criterion, the permanganate nunber, is achieved. In the case
of a caprol actam obtai ned from the cyglizing hydrolysis of an

am nocapronitrile obtained by sem hydrdgenation of adiponitrile, the

purity criteria of the caprolactam are achieved by carrying out

rification cesses. d tibed _ab I Si I [
breatment s, CFRBAFET CUTAr BRPRELBICCLT cKIRERT BRESEITLnaT R E(TTqation in
Gast ¢ o"o% HBke BaPHCRURLAGESPRBCE LA DR UG LLONCEL 2, (raP! O actam of Lhe

desired puri quires t Implementation of a distillation operation
with a large, -heey¥nf ba&chi9gokbraction of products with a high boiling

point) conprising a |arge amount of lactamin the formof |actam or
ol igoners. This |loss @b tREEaBhES the invention proposes a process
5 for purifying a lactam obtained from the cyclization of
an aminoalkylnitrile obtained by semihydrogenation of
“-an alkyldinitrile, which consists, after removing the
volatile compounds from the cyclization medium, in
extracting the lactam formed by crystallization.

10 According to another preferred characteristic
of the invention, the crystalline lactam can be
subjected to one or more other crystallization steps to
obtain the desired purity. Other purification
treatments may be carried out on the crystalline lactam

15 without departing from the scope of the present
invention.

According to another embodiment, the
cyclization medium may be subjected to a hydrogenation
before the step to remove the volatile compounds.

20 According to yet another embodiment, the
crystallization of the céprolactam is carried out on
the cyclization medium which may or may not have
undergone a hydrogenation, after treating it in acid
medium, for example by passing it through.an.

25 jon-exchange resin or a distillation in acidic medium.

According to another embodiment, a



‘detrimental to the process. One of the ains of the present _inventign is
especially to-overcone this drawback by proposing a proce§§ P%& rifying
| actams meking it possible to obtain a product that satisfies the desired
purity criteria, thus limting the lactamtreatnent steps and nore
particularly those which may generate the formation of oligoners. To this
end, the invention proposes a process for purifying a | actam obtained from
the cyclization of an am noal kylnitrile obtained by sem hydrogenati on of
an alkyldinitrile, which consists, after renoving the volatile conpounds
fromthe cyclization nedium in extragting the |actamformed by
crystallization. According to another preferred characteristic of the

i nvention, the crystalline |actamcan be subjected to one or nore other

Crystalllzahyﬂ&ogbﬁﬁ%lbﬁ oﬁbﬁﬁéncybﬁlggﬁiéﬁdmgaiuﬁYma§lB@rcﬂﬁfie&cat'On
treatnments may be carried out on the crystalline |actamw thout departing

fromthe scope effteerpmesenty thavealaonleAc6@pGhng@st 0 anot her enbodi nent,
the cyclization nedium my be subjected to a hydrogenation before the
step to renove the voFati kémpdipbdtupdsthédcempdengidm yercbheabbsn enbodi ment,
the crystallization of the caprolactamis carried out on the cyclization
medi um whi cRegaymsr fagycasryhageout the crystallization means

5 either the reaction medium obtained from the
cyclization step on which the various treatments
described above are carried out, or the medium formed
by the caprolactam extracted after the cyclization
reaction, for example by distillation or entrainment,

10 1in other words after removal or separation of the
volatile compounds and the high-boiling compounds. The
classification into volatile compounds and high-boiling
compounds is made relative to the boiling point of the
lactam to be recovered.

15 According to the invention, the extraction
and recovery of the lactam by a crystallization make it
possible to obtain a product which satisfies the
desired purity criteria, without the need for treatment
at temperatures which may generate the formation of

20 oligomers, for example.
| Thus, the degradation or polymerization of
the lactam, which arises when it is heated to high
temperatures, especially in order to distil it, is
lavoided.

25 The process of the invention applies more

particularly to the purification of &-caprolactam



‘under gone a hydrogenation, after treating it in acid nedigg? fgg xanpl e
by passing it through an ion-exchange resin or a distillat PoN"erf0%i dic
medi um  According to another enbodi nment, a hydr ogenati on of the
cyclization nediummy be carried out after renoving the volatile
conpounds. For sinplicity, the expression "cyclization mediuni for
carrying out the crystallization neans either the reaction nedi um obt ai ned
fromthe «cyclization step on which the various treatnments described above
are carried out, or the nediumforned by the caprolactamextracted after
the cyclization reaction, for exanple py distillation or entrainment, in
other words after renoval or separation of the volatile conpounds and the
hi gh-boi | i ng conpounds. The classification into volatile conpounds and

ngn- ol . : : ol : cony >
i gh- boi lng;bwaqwg%_s CX?%%?%% ﬁ?@&b‘i@s&g bireahehbiag,-BAL L5 9L the

| actamto be recover o thé Iinvention, thé extraction and

recovery of the | actamniy anghyvsharbhzathios EgkgyhtheBQﬁéhbb? to obtain a
product which satisfies the desired purity criteria, w thout the need for

treatment aentitiyeirogtensed onho¢h adayogenetake theskovaribap of ol i goners,
for exanple. Thus, the degradation or polynerization of the |lactam which
arisgsrwhensamﬁhydm@aEadtﬁonhpgbcese&peaaéuﬂﬁsclesa&ciﬁbkyekamplder to
distil s i patents EP 737 100, EP 737 181 and WO 96/18603.
According to the invention, the solvents that
are suitable for the crystallization may be a lactam,
water, saturated hydrocarbons such as hexane or
cyclohexane, alcohols, aromatic hydrocarbons,
10 organohalogen compounds such as CClg or CHCl;, ketones
or the like.
Solvents that will preferably be used include
water and/or a lactam and more preferably a lactam
which is identical to the one which needs to be
15 -purified, or, more preferably, a saturated agqueous
lactam solution.
The crystallization may bercarried out in one
step or in several steps. The mother liquor obtained in
one step is advantageously recycled into one of the
20 preceding steps. More generally, the crystallization
may be carried out according to the conventional
industrial crystallization techniques.
According to another characteristic of the
process of the invention, the compound obtained after

25 crystallization is filtered off, spin-filtered or

isolated by any other common solid/licuid separation



."avoi ded. The process of the invention applies nore particularly to the
purification of e-caprolactam obtained by cyclizing hydr%NVE?é

am nocapronitrile. This am nocapronitrile is synthesized by

sem hydrogenation of adiponitrile. These various sem hydrogenation
processes are disclosed, for exanple, in patents EP 737 100, EP 737 181
and WD 96/ 18603. According to the invention, the solvents that are
suitable for the crystallization may be a |lactam water, saturated

hydr ocar bons such as hexane or cycl ohexane, al cohols, aromatic

hydr ocar bons, organohal ogen conpounds ch as CO 4 or CHO 3, ketones or
the like. Solvents that will preferably be used include water and/or a
| actam and nore preferably a lactam which is identical to the one which

needs 1o be duik. e WIS PLALELAlL (SR AU, | act an

solution. The crystallization may be carried-out” I'n one I n severa

steps. The pRidpeid hiiG0ta @BigicRed Ng&ef%%ba&e@llti %d\é,%%%g%%sl y recycled

into one of the preceding steps. re generally, the crystallization may
be carried quictaaC@dhmrdohQ the conventional industrial crystallization

techni ques. According to another characteristic of the process of the
inventjon, t he conpoundivahtageedsait ethe medium containing the
5 lactam to be crystallized is concentrated by any means
which is suitable to obtain a weight concentration of
lactam of greater than 80% by weight, preferably
greater than 90%.
Thus, examples of techniques for saturating
10 or concentrating the solution which may be mentioned
include techniques of cooling and evaporation
advantageously under reduced pressure to work at lower
temperature.

In addition, the crystallization can be

15 performed with seeding of the solution in order to
promote nucleation of the lactam.

The pure lactam recovered after:solid/liquid
separation, for example filtration; and optiénal
washing, is dried or the solvent, for example water, is

20 distilled off according to usual techniques (when the
solvent is water, the caprolactam is dehydrated).

The process of the invention thus makes it
possible to produce a lactam, more particularly an
g-caprolactam, which has the desired purity criteria

25 for use as monomer in the manufacture of polyamides

such as PA6. The polyamides thus obtained are suitable



crystallization is filtered off, spin-filtered or isolated.by a t her
common solid/liquid separation techni que. The solid reco%é%@ﬂgﬁgg be.
advant ageously washed with a solvent, preferably with a saturated |actam
sol ution. Advantageously, the mediumcontaining the |actamto be
crystallized is concentrated by any neans which is suitable to obtain a
wei ght concentration of |actamof greater than 80% by wei ght, preferably’
greater than 90% Thus, exanples of techniques for saturating or
concentrating the solution which may be nmentioned include techniques of
cooling and evaporation advant ageously gunder reduced pressure to work at

| ower tenperature. In addition, the crystallization can be performed with
seeding of the solution in order to pronote nucleation of the |lactam The

pure | act anminepayeredlakt €6rsehkdhbhabhdruseParateepi14opaexanple
filtration, and optional washing, is dried or the solvent, for exanple

water, is dEsbirkkediohfwaekdndi pgoperussal theeharguegu{whesnt heo sol vent is
wat er, the caprolactamis dehydrated). The process of the invention thus

makes it pbbeebl eft bher oducena patyamidesre particularly an
E- caprol actam which has the desired purity criteria for use as nononer in
t he nanufacture of poPHhatdegvantages and details of the invention
5 will be illustrated by the implementation examples
below, given purely as a guide.

Example 1

An g-caprolactam is manufactured according to
the process disclosed in the patents cited above.

10 Thus, this £-caprolactam is obtained
according to Example 1 of patent EP 748 797 by
semihydrogenation of adiponitrile followed by cyclizing
hydrolysis of aminocapronitrile according to the
conditions described in the said example.

15 The medium obtained is subjected to a
hydrogenation according to the process disclosed in the
as yet unpublished French patent application filed
under No. 98/14735 on 19 November 1998.

The ammonia present in the hydrogenated

20 cyclizing hydrolysis réaction medium is then removed by
evaporation or entrainment.

The cyclization medium thus obtained is then
treated by passing it through an ion-exchange resin
according to the conditions disclosed in the patents or

25 patent applications WO 98/05636 or WO 96/20923.

The medium obtained after treatment with



such as PA6. The pol yam des thus obtained are suitable g parkég | ar for
the manufacture of textile yarns or fibres with working p &H 094 t hat
are equivalent to those of the current polyam des. O her advantages and
details of the invention wll be illustrated by the inplenmentation

exanpl es bel ow, given purely as a guide. Exanple 1 An E-caprolactamis
manuf actured according to the process disclosed in the patents cited
above. Thus, this 8-caprolactamis obtained according to Exanple | of
patent EP 748 797 by sem hydrogenation of adiponitrile followed by
cyclizing hydrolysis of am nocapronitrid e according to the conditions
described in the said exanple. The nedium obtained is subjected to a

hydr ogenati on according to the process disclosed in the as yet unpublished

French pat emtesdppldosiziion Eiskety wedghtNar P84dY7A3DaoPam Sapvenber 1998.
The ammonia present in the hydrogenated cyclizing hydrolysis reaction
medi umi s t hemeremsyethey pevdperat ivhichr weptr abenant. idbaceyebization
medi um t hus obtained is then treated by passing it through an ion-exchange
resin according to tﬁéecmﬁduumonhudlseboseﬂednlkhanpayeeﬁstor
determine the purity criteria defined above. The
5 results of these analyses are indicated in the table
below.
In.accordance with the process of the
invention, the caprolactam is recovered by
crystallization from this solution after concentration
10 under reduced pressure at a caprolactam content in the
| region of 90% by weight.
The concentrated solution is at a temperature
of 40°C and is then cooled to a temperature in the
region of 20°C at a cooling rate of about 10°C per
15 hour.
The crystals formed are recovered by
filtration on a sinter funnel. The mother liquors
recovered are stored for possible recycling.
The solid cake of caprolactam crystals is
20 washed with a saturated aqueous caprolactam solution.
The degree of washing with wet base is advantageously
between 1 and 5.

The crystalline caprolactam is analysed. The

purity characteristics are collated in Table I below.



patent applications WO 98/ 05636. or WD 96/ 20923. The "EdiQQPOb;ﬁfQEd after
treatnent with resin contains 65% by wei ght of E-caprola 5 &

nuner ous ot her products which were not all identified. The medi umthus
recovered is analysed to determne the purity criteria defined above. The
results of these bel ow. analyses are indicated in the table In accordance
with the. process of the invention, the caprolactamis recovered by
crystallization fromthis under reduced solution after concentration
pressure at a caprolactamcontent in the region of 90% by wei ght. The
concentrated solution is at a tenperatyse of 40C and is then cooled to a
tenperature in the region of 20C at a cooling rate of about 10C per hour.
The filtration on recovered are The washed with a The degree of

Test Medium Tov Trmos Ty (meqg/kg)
Medium before 0.45 32.06 2.69
crystallization
Wet cake after .02 2.03 0.04
washing
Example 2

A caprolactam is manufactured according to
5 the process described in Example 1 and with reference
to the process disclosed in patent application
EP 748 797.

However, in this example, the medium obtained

from the cyclizing hydrolysis is only treated to remove
10 the volatile compounds, more particularly ammonia.

The crystallization of the caprolactam formed
is carried out directly using this solution after
concentration by evaporation of water.

The crystallization is carried out in two

15 successive steps. The cake recovered in the first step
is taken up to give a new saturated aqueous solution
and is then recrystallized. The purity characteristics
of the cake recrystallized after washing are given in

Table II below.



between 1 and crystals formed are recovered by a sinter fugqpl.é%R@_nDther

| iquors stored for possible recycling. solid cake of capr 20F rystals
is saturated agueous caprolactan1so|ution. washing with wet base is

advent ageously between 1 and 5. The crystalline caprolactamis analysed
The purity characteristics are collated in Table I bel ow.

Test Medi um UWVI KMAI VB (neg/ kg) Medi um bef ore0. 4532. 062. 69 crystallization
Wet cake after0.022.030. 04 washi ng Exanpl e 2 A caprol actamis manufact ured
according to the process described in Exanple 1 and with reference to the
process disclosed in patent applicatiomniEP 748 797. However, in this -
exanpl e, the medium obtained fromthe cyclizing hydrolysis is only treated
to renmove the volatile conpounds, nore particularly anmonia. The
crystallization of the caprolactamfornmed is carried out directly using

this solutijpn after
Test Medium I Tioo4 Iy (meg/kqg)
Me@imn before 17.7 400 130
2 crystallizatiﬁn
Wet cake - 0.03 2.0 0.20
recrystallized
after washing




concentration by evaporation of water. The crystallizationg,i C%@bled out

I n two successive steps. The cake recovered in the first s?éé ' ﬁaken up
to give a new saturated aqueous soluti.on and is then recrystallized. The

purity characteristics of the cake recrystallized after washing are given
in Table Il bel ow Test Medi um UVI KMAI VB (nmeqg/ kg) Medi um

beforel7. 740013@y 261 ysé@dd i zati on Wet cake0. 032. 00. %lzed after
washi ng CLAI M5 y. Process for purifying Iactanéegéggb§Zé§E

cyclization of an am noal kylnitrile, cqiracterlzed in that it consists in
recovering the lactam by crystallization after renoving the volatile
conpounds fromthe cyclization nmedium 2. Process according to Caiml,
characterized in that the crystallizatihqld s carried out in several steps.
3. Process according to Claim1l or ———g§%§acterlzed in that the

cyclization mediumisi.  process for purifying lactams obtained
by cyclization of an aminoalkylnitrile, characterized
in that it consists in recovering the lactam by
5 crystallization after removing the volatile compounds
from the cyclization medium.

2. Process according to Claim 1,
characterized in that.the crystallization is carried
out in several steps. |

10 3. Process according to Claim 1 or 2,
characterized in that the cyclization medium is
subjected to a hydrogenation before removing the
volatile compounds.

4, Process according to one of the

15 .preceding claims, characterized in that the-cfclization
medium is treated with an ion-exchange resin before
recovering the lactam by crystallization.

5. Process according to one of Claims 1 to
3, characterized in that the cyclization medium is

20 treated by distillation in sulphuric medium."

6. Process according to one of the
preceding claims, characterized in that the cyclization
medium from which the lactam is crystallized consists
of the reaction medium obtained from the cyclization

25 reaction after removal of the volatile compounds and

the high-beiling compounds.



subjected to a hydrogenation before renoving the volatile q@ngeﬁﬁﬂs. 4.
Process according to one of the preceding clains, char act ePiJt8 t hat
the-cyclization nediumis treated with an ion-exchange resin before
recovering the lactamby crystallization. 5. Process according to one of
Claims 1 to 3, characterized in that the cyclization nediumis treated by
distillation in sul phuric nmedium 6. Process according to one of the
precedi ng clains, characterized in that %he cyclization nediumfrom which
the lactamis crystallized consists of The reaction nedi um obtained from

the cyclization reaction afpg&céggng@éop@i%$ﬁ%go$ﬁgi&g fﬂ%ﬁ8¥2€5f?”d t he

hi gh-boi | i ng conpounds. 7. Process accor to one o aing’ 1, 2 and 4

Lo 6 charackedi aedol o, Lbdrabecsysbizal O fudiarale sybigofed 1072
onpounas

hydr ogenati on after separation of the volatile c unds -and/or of the.
hi gh- boi | i ngmeddupoiadsubBec P COS Sa ACEOF Sl dheh t Lo roNSE Qf r 3 AU ERRAI NY

clainms, characterized in that the lactamis E-caprolactam 9. Process
accor di ng t 0ol Bhen 8olathbe actepdweds ' dnd tdwmto t henes-roapi-Jaictag i s produced
by cyclizing hydrolysis of am nocapronitrile. 10. Process according to
daimao, ;ompounds. : , : '
| 8. Process according to one of the
precedin§ claims, éharacferized in ‘that the iactam is
s—caprblactam;. |
i 9. Process according to Claim 8,
'éharacterized in that the g-caprolactam is produced by
._'cyciizing hydrolysis of aminocapronitrile.
10. Procesé according to Claim 9,
:phéracterizédlin_that the aminocapronitrile is
F synthesized by'semihydrogenation of‘adiponitrile.
'11. Process apgording to one of the
_ preceding claims, characterized in that the
crystallizéfion sclvent ié chosen from the'group
.comprisipg a lactam, an agueous lactaﬁ solution, water,
saturétedrhydrocarbonsj alcohels, aromatic
'hyd:ocarbons, organohaiogen compounds aﬁd.ketones.
ié. .Process according to Claim 11,
éharacterized_in that the sqivent is a satﬁratéd
‘aqueous lactam solution.
-'134 Process according to one of the
preceding claims, characterized in that the weilght
éoncentration of laétam in the solution to be
crystallized is greater than 80% by wéight.

14. A lactam obtained by a process according



characterized in that the am nocapronitrile is synthesized,b

sem hydrogenation of adiponitrile. 11. Process according 90m8ﬁéxgm'the
precedi ng clains, characterized in that the crystallization solvent is
chosen fromthe group conprising a |lactam an aqueous | actam sol ution,
wat er, saturated hydrocarbons, alcohols., aromatic hydrocarbons,

or ganohal ogen conpounds and ketones. 12. Process according to Caim11l
characterized in that the solvent is a gaturated aqueous |actam sol ution.
13. Process according to one of the preceding clains, characterized in
that the weightangosagnbratiommefilestam.in the solution to be
crystallized is greater than 80% by weight. 14. A | actam obtained by a
process according. to any one of clains 1-to 13. ' : :





