WO 01/ 90065 PCT/ FR01/ 01644 METHOD FOR PURI FYI NG LACTAMS The present

I nvention relates to a process rification of |actans, nore
particularly of |actans obtai lMﬁIﬂ@m@ﬁ‘ﬁmwycl i zing hydrolysis of 5
amnonitrile. The invention re articularly to the purification
of E-caprol actam obtai ned by the @$8P%zi ng hydrol ysis of

am nocaproniwei be/obegsral processes for the synthesi sp@f,/ddh gyl act am
a major chemcal intermediate used in particular in the production of

pol yam des and nore particularly of polyam de-6, have been provided. One
of the nost w dely used processes industrially consists of a Beckmann
rearrangenent of cycl ohexaMETHODXFOR PURIFEING pxeBEmse of sulfuric acid or
of ol eum Another process which fornms the subject- nmatter of nunerous

studi es consi sts in obth¢npngsert capvehtctanrdyatee tychiprogedydrol ysis of
am nocapronitrile. This reaction, disclosed in French 20 Patent 2 029 540,
can be carrigeroukeipurhbicagiee ophbsetamst hmope eeanciceiasbyvehts and of
catal ysts or as disclosed in Patent US 2 357 484, in the gas phase wth
al um na as chR@F§ES . opabRed Bpy 150 20K hi 3Ny ehvdealysia pfocess 25 for
the cyclizing hydrol ysis of am nocapronitrile in the gas phase in the
prese%ce of é%%%&%&@%%i%ased on

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

Several processes for the synthesis of

10 e€-caprolactam, a major chemical intermediate used in
particular in the production of polyamides and more
particularly of polyamide-6, have been provided. One of
the most widely used processes industrially consists.of
a Beckmann rearrangement of cyclohexanone oxime in the

15 presence of sulfuric acid or of oleum.

Another process which forms the subject-
matter of numerous studies consists in obtaining
g-caprolactam by the cyclizing hydrolysis of
aminocapronitrile. This reaction, disclosed in French

20 Patent 2 029 540, can be carried out in the liquid
phase in the presence of solvents and of catalysts or,
as disclosed in Patent US 2 357 484, in the gas phase
with alumina as catalyst.

Patent EP 150 295 also relates to a process

25 for the cyclizing hydrolysis of aminocapronitrile in

the gas phase in the presence of a catalyst based on

*G00002*

copper and on vanadium.



copper and on vanadi um 2 The E-caprol actam obt ai ned by these synthetic
processes has to be purified in order to obtain a chem cal internediate or
a nonomer which nakes it possible in particular to manufacture polyners 5
exhi biting characteristics satisfactory for the manufacture of finished
products, such as yarns, fibers, and t i ke. Numerous purification
processes have been provided for the treatnent of the caprol actam obtai ned
10 by the Beckmann rearrangenent of cycl ohexanone oxine. Processes for the

purification of the C%BrOka%5§9599895@e§b9¥hﬁgg ﬁgckh%ggggyéghgéysis of

ani nocapronitrile have als F OV t 6n 841
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boi l'i ng poin S an ucts w th oints fromthe

hydrolysis geaglkican qﬁ@eemedIBee %%parﬁhhgﬁekswﬂgbﬁ'&ﬁﬂe niparticular by
distillation of the caprolactam The caprol actamthus recovered IS

subj ected 2@okeinlbydnhogaratcanart ReNmahtiaetheeapbigakrent through
i on-exchange resins or to a distillation in the presence of sulfuric acid,

and, finablyexhabatidigsthhlraticeriksnitbespreseaceoet, @aokasae O her
purification processes have been
manufacture of finished products, such as varns,
fibers, and the like.
Numerous purification processes have been
provided for the treatment of the caprolactam obtained
10 by the Beckmann rearrangement of cyclohexanone oxime.
Processes for the purification of the
caprolactam obtained by the cyclizing hydrolysis of
aminocapronitrile have also been provided. Thus, Patent
US 5 496 941 discloses a process which consists in
15 separating the products with low boiling points and the
products with high boiling points from the hydrolysis
reaction medium. This separation is obtained in
particular by distillation of the caprolactam.
The caprolactam thus recovered is subjected
20 to a hydrogenation, then either to a treatment through
ion-exchange resins or to a distillation in the
presence of sulfuric acid, and, finally, to a
distillation in the presence of a base.
Other purification processes have been
25 provided. Thus, Patent WO 98/05636 provides a process

for the purification by liquid/liquid extraction using



25 provided. Thus, Patent WD 98/ 05636 provides a process for the
purification by liquid/liquid extraction using 3 a solvent with an acidic
nature or by a treatnent through resins. In these processes, a final
distillation of the caprolactamis generally provided in order to 5 obtain
a product which satisfies the criteria of purity required, in particular
for its use as nononer in the manufacture of polyam des, such as

pol yanm de-6. However, this final distillation results in a high |oss of

Capr0|aCta”1a“@b§0eh§ WEEK QﬁrgEthEo %Qﬁre;grggpe%akrggg gics of the

process. Thus, in the case of the puritication o caprolact am obt ai ned
by the Beckngﬁ@oﬁ ar ragggent reaction, Patent US 4 301 073 provides a
process for puriftying the caprolactam which conprises a stage of 15

extraction by a sol ventnandebbepracdisskkl | at E9RalndasthasheiBrdbem The
distillation residue is treated to recover as nuch as possible of the

capr ol act am thhki saprogatoemt igogehetraldf, pubihaeddisat bkhati eas and a
treatment with a strong acid of the caprolactamthus 20 distilled before it
is recycl 8d phtahe expradutbnwhsthgsatIhtsepr ehessrirakesai bfppasible to

i nprove the degree of recovery of the caprolactambut requires the use of
an acid for rheuired: mentpbetdrelaecyoki hgs Thesasrmwoyoiengiprohess is

conplex and requires a significant 25 investnment in order to carry out the
aci d treat nreppnufacture of polyamides, such as polyamide-6.

However, this final distillation results in a

high loss of caprolactam, which is very harmful to the
10 general economics of the process.

Thus, in the case of the purification of a
caprolactam obtained by the Beckmann rearrangement
reaction, Patent US 4 301 073 provides a process for
purifying the caprolactam which comprises a stage of

15 extraction by a solvent and then a distillation in a
basic medium. The distillation residue is treated to
recover as much as possible of the caprolactam. This
treatment consists of further distillations and a
treatment with a strong acid of the caprolactam thus

20 distilled before it is recycled in the extraction
stage. This process makes it possible to improve the
degree of recovery of the caprolactam but requires the
use of an acid for the treatment before recycling. This
recycling process is complex and requires a significant

25 1investment in order to carry out the acid treatment.
Furthermore, this process cannot be transposed to the

treatment of a caprolactam synthesized by a novel



Furthernore, this process cannot be transposed to the treatnent of a
caprol actam synt hesi zed by a novel 4 reaction, which can generate entirely
different inpurities requiring novel purification processes. One of the
ainms of the present invention is to overcone these disadvantages by
providing a process 5 and a plant for the purification of a |lactam
resulting fromthe cyclizing hydrolysis of an amnonitrile which nmake it
possible to obtain a high degree of recovery of |actamof high purity. To

this end, theehpyephiop Eaaveggsganexe £e58nciQeh gl d&g%gggg fication of

| actam nore partlcufar apro actan1 obf ai ne e cyclizing

hydrol ysis Oimpéﬁl@ﬂbgoﬂé&ﬁhE?ngn96€e@aﬁﬁk9EH@EEXonpr?gégggéprOn'tr'le
whi ch consists in renovi ng the "amonia fromthe y rolysis reacti on nedi um

and in then 15 recoverong bhethachamsf bempai graBdhdm hpehbheopuified
form According to the invention, this recovery is carried out by

enpl oyi ng attbeastroomedthesk| di sadvahtaybe bachasviaihheappesenasg of a
base, optionally 20 producing a top fraction conprising conpounds which are
mor e vol abi | endhanplaet| dotratheaptiraficanionnpfi ai bgctameresgl aimgyo be
recovered with the desired degree of purity and a distillation bottom
product conpfrennghel gecdhzind bydpolvgsswhfcanaarihesstyplatwhechhan the
25 | actam
make it possible to obtain a high degree of recovery of
lactam of high purity.
To this end, the invention provides a process
10 for the purification of lactam, more particularly of
g-caprolactam, obtained by the cyclizing hydrolysis of
an aminonitrile, more particularly of
aminocapronitrile, which consists in removing the
ammonia from the hydrolysis reaction medium and in then
15 recovering the lactam from said medium in the purified
form.
According to the invention, this recovery is
carried out by employing at least one distillation of
the lactam in the presence of a base, optionally
20 producing a top fraction comprising compounds which are
more volatile than the lactam, a fraction comprising
the lactam to be recovered with the desired degree of
purity and a distillation bottom product comprising
lactam and compounds which are less volatile than the
25 Jlactam.

Thus, the distillation bottom product or

residue recovered in the stage of purification by



Thus, the distillation bottom product or residue recovered in the stage of
purification by 5 distillation predom nantly conprises |actam the
impurities being conposed nmainly of salts and of reaction by-products.

This distillation bottom product is 5 subjected, according to the

i'nvention, to a treatnment which consists in separating nost of the |actam
present in the distillation bottom product and in recycling said
separated lactamin any stage of the purification process or in the nmedium

obtal ned of g o BeagHCll ebpdap0-DNUR0) Kbk B6eondlnetopple hvent on

this treatment o the Consi'sts either of a

recovery of ihgukaehag BYinbObofBEBLCRal LY %gggaltgvsgar gkl on of the

| actam present "in the distillation 15 ttom uct and in recycling said

separated | agkarribA BYYpsbager8fl the purification process or in the
medi um obt ai ned after the cyclizing hydrolysis. According to the invention,

this treatnment of thetdistdlikaiiloatbheht patpbadgebagensists either of a 20
recovery of the lactam by, for exanple, thin-layer evaporation of the
| act am or 5cr yabaktizdt i ancofdthg tbather inventiansepar at tesadhehbe | act am
fromthe other inpurities, for exanple by extraction of nost of the
i npurities wwhhchatensig2bsThe eepstratlingamosh of the lLactam paaséet
in the distillation bottom product and in recycling
said separated lactam in any stage of the purification
process or in the medium obtained after the cyclizing
10 hydrolysis.
According to the invention, this treatment of
the distillation bottom product consists either of a
recovery of the lactam by, for example, thin-layer
evaporation of the lactam present in the distillation
15 bottom product and in recycling said separated lactam
in any stage of the purification process or in the
medium obtained after the cyclizing hydrolysis.
According to the invention, this treatment of
the distillation bottom product consists either of a
20 recovery of the lactam by, for example, thin-layer
evaporation of the lactam or crystallization of the
latter or of a separation of the lactam from the other
impurities, for example by extraction of most of the
impurities with water.
25 The crystallization of the lactam can be

carried out according to conventional crystallization

processes with, as solvent, either water or an aqueous



carried out according to conventional crystallization processes with, as
sol vent, either water or an aqueous 6 solution saturated wth |actamor the
lactamitself. It s advantageously carried out in a single stage.

However, if necessary, two or nore crystallization stages can be enpl oyed.
5 A crystallization process and the conditions for its inplenmentation are
di scl osed, for exanple, in Patents EP 943 608 and US 4 882 430. The | actam
thus obtained is recycled in the device for distillation in a basic

medi um eit nSb1BYphOsSELeEl LERTERI1LRCERC o Shi L LESD SORUTR AL ed

pr edet er m ne eve rtronto € stredmo

entering sai@scghvantaeeoag%gnghgﬁﬁedSBegeiﬂfatQ§n§&869§§ggor the

purification and recovery actam or even I nh the ifumresulting

fromthe 15newekbzi ngrhydeekysrs, AGEOLYI RErbOCcaySe60Nd gabgdi ment of the
invention, the distillation bottomproduct is treated in a thin-filmor

thin-layer egapgestcan peoeppsoydle vaporized |lactamis recycled in the
distillation device 20 under conditions simlar to those of the enbodi nent
enpl oyi ngSt he crystal | AzariyenalTheaevapopabteBsohniihehel asham i sngbt ai ned
by heating at a tenperature between 130C and 150C under a pressure of |ess
than 10 nbar forFihal ipplementéhiod embodisehbsetihef@b dkampléatingn bottom
product can be treated with water
Patents EP 943 608 and US 4 882 430.
The lactam thus obtained is recycled in the
device for distillation in a basic medium, either by
10 direct feeding to the distillation column at a
predetermined level or by addition to the stream of
reaction medium entering said column, or at another
stage of the process for the purification and recovery
of the lactam or even in the medium resulting from the
15 <c¢yclizing hydrolysis.
According to a second embodiment of the
invention, the distillation bottom product is treated
in a thin-film or thin-layer evaporation process. The
vaporized lactam is recycled in the distillation device
20 under conditions similar to those of the embodiment
employing the crystallization. The evaporation of the
lactam is obtained by heating at a temperature between
130°C and 150°C under a pressure of less than 10 mbar.
Finally, in a third embodiment, the
25 distillation bottom product can be treated with water

to dissolve the impurities, in particular the salts,

the lactam recovered after separation by settling



to dissolve the inpurities, in particular the salts, the |actamrecovered
after separation by settling 7 advantageously being recycled in the process
for the purification of the lactamby distillation in an acidic nmedium
and then in a basic medium These processes for the treatnent of the 5
distillation bottom product make it posgi ble to recover at |east 90% by
wei ght, advantageously at |east 95% of the |actam present in said bottom
product. The | osses of lactamin the purification process are thus

s TR R P g e LR L
: . S SLI al | ONn.
|actam to s weryclow Levet 6uE 00cLg pUrlbeot 1o,y backe giasiLlal

process and haapaht kel Bheh hEnaabhiyc REaidg. | actamrecovered is of a very
high level. According to the invention, the medium conprising the |actam

to be recovered can beThdge pLocksoOBs NEE Ubhé Ok rédem&NE! bEi fige hydrol ysis of
20 aminonitrile after evaporation of the anmonia. Said reaction nmedium

coul d be Subfiestllaoien hydt ogenatdduct hedlos ei t heo eyHDE at b ore @bvéhe
ammoni a. This reaction nedium participating in the basic distillation,
may have beeat slbhstt 20% thy seetght, 28vancigeduwsly 4t ebhbaent 35%f tef
evaporation of the

the lactam present in said bottom product. The losses

of lactam in the purification process are thus

restricted to less than 3% by weight of the

10 participating lactam.

The process of the invention thus makes it
possible to restrict the losses of lactam to a very low
level during the purification by basic distillation.
These losses have only a very slight effect on the |

15 economics of the process and in particular the quality
of the lactam recovered is of a very high level.

According to the invention, the medium
comprising the lactam to be recovered can be the
reaction medium for the cyclizing hydrolysis of

20 aminonitrile after evaporation of the ammonia. Said
reaction medium could be subjected to a hydrogenation
before the evaporation of the ammonia.

This reaction medium, participating in the
basic distillation, may have been subjected to several

25 preliminary treatments after evaporation of the

ammonia.



ammonia. 8 I n an enbodi nent of the invention, the hydrolysis reaction
mediumis treated to renove the products which are respectively |ess
volatile and nore volatile than the lactam This treatnment, disclosed in 5
Patent US 5 496 941, consists in evaporating the ammonia, the water and

the other volatile products and in then distilling the lactam The
hydrol ysis reaction nediumtreated by the basic distillation of the
present invention will thus be the lactamrecovered by 10 distillation. In

another embodi ment . | nppagh Gk aa; en PecnSyeklahpg Rydglysis is carried

out in the vapor phase only t anmonia I's extrac fromthe reaction

medi um V‘h'l‘ff}de@YyQ{snPé’a@E’iorli'aﬁ{@dP@rﬁnh§uP£§§{:§§ tg Peﬁévéygﬁggenat' on

prior to the renoval of the anmoni a actam recovered istillation

or a ammm@réa@@téexmqiépnaﬁ@dfé%&@@l@@wupéggt@@m@lfe Qa{&!rrg gegation or
an oxidizing treatnment, for exanple, before being fed to the basic

distillati onvoR&cine aﬂ@&xheth@nb@@ltémntThi@etﬁé@@:ﬁéﬁtf odli sPEosYrifi cation
of the lactam can conprise a treatnent through an ion-exchange resin in an

aci di ¢ nefli uratoenta USli 5t496 a24Dn ¢onshet proseseepofaing remg acid, for
exanpl e sulfuric acid. 25 The process for the purification and recovery of
t he | act am cammen s, conpriatennEndrtimretsecceskatvele products and
in then distilling the lactam. The hydrolysis reaction
medium treated by the basic distillation of the present
invention will thus be the lactam recovered by
10 distillation.

In another embodiment, in particular when the
cyclizing hydrolysis is carried out in the vapor phase,
only the ammonia is extracted from the reaction medium,
which may or may not have been subjected to a

15 hydrogenation prior to the removal of the ammonia.

The lactam recovered by distillation or a
ammonia-free reaction medium can be subjected to a
hydrogenation or an oxidizing treatment, for example,
before being fed to the basic distillation.

20 In another embodiment, the process for the
purification of the lactam can comprise a treatment
through an ion-exchange resin in an acidic medium or a
distillation in the presence of a strong acid, for
example sulfuric acid.

25 The process for the purification and recovery
of the lactam can also comprise one or more successive

crystallizations of the lactam, the lactam thus



crystallizations of the lactam the lactamthus 9 crystallized formng the
mediumfed to the basic distillation in accordance wth the invention.
Consequently, the distillation process in accordance with the invention is
a stage in a lactam 5 purification process which can be conbined with
nunmer ous other known treatnments of |actams used in the nunerous disclosed
purification processes. According to another characteristic of the
invention, the purification process of the invention 10 can be enployed in

a distill ati99y9£9§@§§esO%Hn%ﬁgtﬁsvxﬁéaiuﬂi gLh! Lat Ao BQ%H@ES mounted in

series in order to carry out the successlive separation o e vari ous

products. Thesec piaatsohOint H8corRhREBN;2EhOPHET 1 hh8nt ignpuUri fication
process by distillation in a basic mediumor an acidic nmediumand then a

basi c medi um are al so conbbgaénthyt etBe0fii the1PaESEAt pi-O¥EBEI OR. I n a first
enbodi nent in accordance with the invention which is suitable for carrying
out the 20 tacatrdancenwatbashe imdentiof ibdeal achas in helapvsmfied, the
pl ant conprises a first distillation columm to which the lactamto be
purified bs Pedi{icatzon pprdeees nvnech apaunbe ofoblaseed | withi s col um, known
as the dehydration colum, the water is renoved in the 25 formof a top
fraction, theuBeEPRs|Ehen beevontreroderts ebnpaceamg ubed| fwt @ne and t he

base, being fed , . _
numerous disclosed purification processes.

According to another characteristic of the
invention, the purification process of the invention
10 can be employed in a distillation process comprising
several distillation columns mounted in series in order
to carry out the successive separation'of the various
products.
These plants for the implementation of the
15 purification process by distillation in a basic medium
or an acidic medium and then a basic medium are also
subject-matters of the present invention.
In a first embodiment in accordance with the
invention which is suitable for carrying out the
20 treatment in a basic medium of the lactam to be
purified, the plant comprises a first distillation
qolumn to which the lactam to be purified is fed with a
predetermined amount of base. In this column, known as
the dehydration column, the water is removed in the
25 form of a top fraction, the distillation bottom
product, comprising the lactam and the base, being fed

to a second distillation column.



to a second distillation colum. 10 In this second distillation colum, the
products which are nore volatile than the lactamare renoved in the form
of atop fraction and the separated lactamis fed to a third distillation
colum. 5 In this third colum, the lactamis distilled and recovered as a
top fraction, and the distillation botiﬁn1product can advant ageously be
treated according to the processes of the invention in order to recover
nost of the lactam The |actamrecovered fromthe 10 distillation bottom

product is advantageoughytgggyggggndiaiggg $s¢984d gﬁibhhlaEhQ” col um.
0 e

According to a second enbodi nent in accor ance W t i nvention, the

plant al so CBBBEhéE% whﬂ&ﬁeagbsﬁbkba%antQQEUEHén”EHBtQQcthSSEbeS The
first 15 colum is, as in the first enbodi nent, a dehydration colum which

makes it possehbeeaolﬁeanéefaegtof arebpr@bh&tabh aff EH@_E@FSEatEH the
second colum, the least volatile conpounds, and in particular |ess

vol atil e thahatbam 28 fadt a6) aathisdpdiatedlandonopstiudte a distillation
bott om product, and the |l actamrecovered at the colum top is fed to the
third colGm. In this fnnghisotbhimd théupori thedlhacdmmissdisolileedied in

the form advantageously, of an 25 internediate fraction by w thdrawal,

ei ther in thandvapepvehadeadrai ROPhératgupd, pardethghdispvpliantonon,

bottom product can advantageously be treated according
to the processes of the invention in order to recover
most of the lactam. The lactam recovered from the

10 distillation bottom product is advantageously recycled
in the second distillation column.

According to a second embodiment in
accordance with the invention, the plant also comprises
three distillation columns mounted in series. The first

15 column is, as in the first embodiment, a dehydration
column which makes it possible to remove most,
preferably all, of the water.

In the second column, the least volatile
compounds, and in particular less volatile than the

20 lactam, are separated and constitute a distillation
bottom product, and the lactam recovered at the column
top is fed to the third column.

In this final column, the purified lactam is
collected in the form, advantageously, of an

25 intermediate fraction by withdrawal, either in the
vapor phase or in the liquid phase. The top fraction,

composed of the compounds which are more volatile than



conposed of the conmpounds which are nore volatile than 11 the lactam is
renoved and the distillation bottom product is preferably recycled in the
second colum. In this enbodinment, the distillation bottom product from
the second colum is advantageously 5 treated in order to recover the

|'act am according to the process of the;invention. The |actamthus
recovered i s advantageously recycled in the second colum. Preferably, the
basi ¢ conmpound is added to the nmediumto be treated before it is fed to

the first 19hge@¥gﬁﬁﬁ'OQSSE@ﬂ8veHb%ﬁ&eEh8tBQSEQY?QEE8H Bbﬁge&elates to a

process which consists in treating ium conprisin | actam to be

purified by gishikkatkopriberap1gcidigcTadi YA aAd HQESnBaEBiﬁHhar'y in
sul furic acid 15 nmedium followed by distillation in a basic nedium Such

a treatment is, accordrAgth@st BRLbAYRABhEONtheCARLOYEUat o8 BHRRLMI N
accor dance mﬁth the second enbodi nent descri bed above. In this second

enbodi ment, phedactdfirsmadiedsedbnéiocbhemiedsugtivenbagbbealed before it is
fed to the dehydration columm, the base being added to the top fraction
produced Bn theasedond dirder| tat renoveruthe betoas atcosdird te the third
distillation colum. The salts generated by the presence of the 25 acid,
for exanpl e anPaessubfatbe dnventianesTher Lgchami nguéroecoheraéutsal i zati on

of the base, are _
advantageously recycled in the second column.

Preferably, the basic compound is added to

the medium to be treated before it is fed to the first
10 dehydration sﬁage.

However, the invention also relates to a
process which consists in treating the medium
comprising the lactam to be purified by distillation in
an acidic medium and more particularly in sulfuric acid

15 medium, followed by distillation in a basic medium.
Such a treatment is, according to the invention,
employed in a plant in accordance with the second
embodiment described above.

In this second embodiment, the acid is added

20 to the medium to be treated before it is fed to the
dehydration column, the base being added to the top
fraction produced in the second distillation column
before it is fed to the third distillation column.

The salts generated by the presence of the

25 acid, for example amine sulfates or sulfates
originating from the neutralization of the base, are

removed and bled off in the distillation bottom product



renoved and bled off in the distillation bottom product 12 produced in the
second distillation colum. This distillation bottom product is

advant ageously subjected to a |lactamrecovery treatnent which, in the
present case, can advantageously be: 5 - either a washing of the
distillation bottom product with water to di ssolve the salts, such as
ammoni um and/ or am ne sul fates, after séparation of the aqueous phase and
t he organi ¢ phase conposed of the lactam the |atter organic phase

preferably b?ﬁ%@ul:%dr nyctl[h%d sie%otnlae dq%qiilimaftq(%nt %otlh]l%nde qrsat i on colum or

recycled in e second colum, or alternativély “subjectedto another

treatment, sugleas 1bhiidy %%on@g%%@ti QR %ﬁv%?%ﬁ?%;f%}oHs&@t Iy Briectll an

evaporation of the lactamcarried out 15 in a nT or in-Tayer

evaporat or, +to0ha aaethst delcot@i-hor rehtiet attiam,f neamenwatebsedR aqueous
| actam sol ution or lactam These treatnments can be conbined, in particular

t he washi ng walklk, waker adeankbagesusiledbeyt 20 prior to the evaporation or
the crystallization. According to a characteristic of the invention, the

| act am i s 5advant ageously eEthepr al aeksaingobiraiched diytihe agyohi BoREom
hydrol ysis of am nocapronitrile either in the vapor phase or in the 25
| i qui d phaseprwidulstowiwht watiers cbvdnssolle ahiensailtsi | such, akor exanpl e,
produced by
ammonium and/or amine sulfates, after separation of the
aqueous phase and the organic phase composed of the
lactam, the latter organic phase preferably being
10 recycled in the medium fed to the dehydration column or
recycled in the second column, or alternatively
subjected to another treatment, such as thin-layer
evaporation or crystallization,
- or an evaporation of the lactam carried out
15 in a thin-film or thin-layer evaporator,
- or a crystallization of the lactam from
water, an aqueous lactam solution or lactam.
These treatments can be combined, in
particular the washing with water can be carried out
20 prior to the evaporation or the crystallization.
According to a characteristic of the
invention, the lactam is advantageously &-caprolactam
obtained by the cyclizing hydrolysis of
aminocapronitrile either in the vapor phase or in the
25 1liquid phase, with or without solvent.

The aminonitrile is, for example, produced by

partial hydrogenation of adiponitrile. This reaction is



partial hydrogenation of adiponitrile. This reaction is 13 disclosed in
particular in Patents US 4 601 859, US 2 762 835, US 2 208 598, DE 4 235
466 and US 5 981 790. The anmonia present in the cyclizing hydrolysis
reaction nmediumis renmoved by distillation 5 or flashing. The reaction
nmedium fed in the process of the invenggon can conprise at |east 99.9% by
wei ght of [lactam This concentration range is given only by way of

i ndi cation. Thus, nedia conprising |less |actamcan 10 al so be purified by

the process @f cthesbavent Ea&ltlcﬁxa\efaxn%aegﬂlcgfbgi &196'0&%5@ 'ngg othe

operating conditions of the various colums o secon dirment of

the plant acqgndigng,tosthezobnventi og ar 93gi ¥ed Bekoys %59§ﬁe7§8r5t
dehydrati on stage is carried ouf at a tenperature of between 0C and 130C

approxi mately, at a pmﬁésam&oﬁ&abgkae@ﬂtSanbaé ape1209ngbar
approxi mately. The dehydrated fraction is fed to a second 20 distillation

col um in whhgbrbhgssecendcstiagemetiiumepar abnetedl biyhaipeedugtsoni th high
boiling point is <carried out by production of a distillation bottom
product. Pheoopéilathmggconditions of this colum are a 25 colum bottom
tenperature of |ess than 150C and a pressure of between 5 and 10 nbar.
The reaction medium fed in the process of the
invention can comprise at least 99.9% by weight of
lactam. This concentration range is given only by way
of indication. Thus, media comprising less lactam can
10 also be purified by the process of the invention.
By way of nonlimiting indication, the
operating conditions of the various columns of the
second embodiment of the plant according to the
invention are given below.
15 The first dehydration stage is carried out at
a temperature of between 100°C and 130°C approximately,
at a pressure of between 50 mbar and 200 mbar
approximately.
The dehydrated fraction is fed to a second
20 distillation column in which the second stage of
separation of the products with high boiling point is
carried out by production of a distillation bottom
product.
The operating conditions of this column are a

25 column bottom temperature of less than 150°C and a

pressure of between 5 and 10 mbar.



14 The top fraction thus produced conprises |less than 100 ppm of
inpurities with a higher boiling point than the lactam This top fraction
is fed to a further 5 distillation colum, the operating conditions of
which are a columm bottomtenperature of |ess than 150C and a pressure of
between 5 and 10 nbar. The lactam in papticular E-caprolactam produced
as internediate fraction exhibits a degree of 10 purity which satisfies
the criteria required for polyam de nmanufacture, in particular for textile

appl ications. Preferablye tBpS ckBLermRdkale biraaLian 'c%fn P EAAr gun i n the

vapor phase fromthe colum in order In a ver W CORcEntration of

products w t Bhanl30bi gpmbeif! iRgupetibs h@ﬁﬁvsrhlghekaéhignaogéhHEe to
withdraw this internediate fraction in the |iqui phase out departing

fromthe scophaaf thbelacngsnti on. The distillation bottom product obtained
in 20 the colum bottomis recycled, in an enbodi nent of the invention,
in the second distillatThoe cobufimactiioa psetedred enpadinent of the
invention in accordance with the process for the purification of the

| act am of 5t héishuéhaktonn théudhst thkabpenabohtyoovadiptodscbrcehlient ed in
the second colum bottomis fed to a stage for separation of the |actam
for exanpl e aretfi aolhnm bpttainntemperatvaporit LeasptbarsisaPCaand

a pressure of between 5 and 10 mbar.

The lactam, in particular &-caprolactam,

produced as intermediate fraction exhibits a degree of

10 purity which satisfies the criteria required for
polyamide manufacture, in particular for textile
applications. Preferably, this intermediate fraction is
withdrawn in the vapor phase from the column in order
to obtain a very low concentration of products with a

15 high boiling point. However, it is also possible to
withdraw this intermediate fraction in the liquid
phase, without departing from the scope of the
invention.

The distillation bottom product obtained in

20 the column bottom is recycled, in an embodiment of the
invention, in the second distillation column.

In a preferred embodiment of the invention in
accordance with the process for the purification of the
lactam of the invention, the distillation bottom

25 product collected in the second column bottom is fed to
a stage for separation of the lactam, for example a

thin-film or thin-layer evaporation process at a



15 tenperature of |ess than 150C and under a pressure of between 5 and 10
nbar. I n another preferred enbodinent of the invention, this distillation
bottom product is 5 subjected to a crystallization process in order to
recover the lactam nore particularly caprolactam It is also possible to
treat this distillation bottom product ywth water in order to extract the
salts, nore particularly the sulfates, originating fromthe
neutralization of the free bases present in the hydrolysis medium The

or gani ¢ phas d, -C i 84 a is.eiLther recycled in the
dehydrati on gg?éﬁggggighgfsggg%dﬁ%gﬁu%gsogrgB?EE?%% ed Pgegs?ﬁ¥tﬁ r stage
of separati opepfebheslankachagpasuch as a thin-filmor thin-layer
evaporation or a crystallization. According to the invention, a base

chosen fromthe grouprgoasbshipgpebralkahi efBbakmbydrgxi ggs, al kaline
earth netal hydroxides and netal carbonates, 20 for exanple sodium

hydroxi de, |ihhensibydr exidedispol aasiom bydeoxi geodaagnesi um hydr oxi de,
cal cium hydroxi de, sodi um carbonate, nagnesium carbonate, |ithium
car bonat e5or snbjedtedr bonat esystahlbeatsed asobasscinoopaandroPref erably,
an aqueous sodi um hydroxide 25 solution is used. The anobunt of base added
can vary wi racaverdehei hacsamAdwaneageotstylarlyi sapedieenad. 05 and 2 g
of base per 1 kg of caprolactam or |actam
It is also possible to treat this

distillation bottom product with water in order to

extract the salts, more particularly the sulfates,

10 originating from the neutralization of the free bases
present in the hydrolysis medium. The organic phase
recovered, -comprising the lactam, is either recycled in
the dehydration column or the second column, or
subjected to a further stage of separation of the

15 1lactam, such as a thin-film or thin-layer evaporation
or a crystallization.

According to the invention, a base chosen
from the group consisting of alkali metal hydroxides,
alkaline earth metal hydroxides and metal carbonates,

20 for example sodium hydroxide, lithium hydroxide,
potassium hydroxide, magnesium hydroxide, calcium
hydroxide, sodium carbonate, magnesium carbonate,
lithium carbonate or mixed carbonates, can be used as
basic compound. Preferably, an aqueous sodium hydroxide

25 solution is used. The amount of base added can vary

within wide limits. Advantageously, it is between 0.05

and 2 g of base per 1 kg of caprolactam or lactam.



16 As indicated above, this base is added either to the mediumto be
treated fed to the dehydration stage or to the top fraction resulting from
the second colum of the second enbodi nent of the plant, before it 5 is
fed to the third columm. According to the invention, it is also possible
to add an acid, preferably sulfuric aci to the nmediumfed to the
dehydration stage. The anount of acid added is determ ned as a function of
t he amount of 10 free bases present in the nediumto be treated. This

anount of free bases |gsdghagggggﬁsgggg?teghagngggi 1s L ggé %é?ﬁ%ﬁfgeof

nedi um The anpunt of aci ween

free bases apd ong mamkenofoaskcpes:mal eed &rgﬁebgﬁﬁgdr%%ﬁrab' y between

15 0.7 and 0.9 nol of acid per ree ases concentration

range makes ktagessibts E9e095§lBraaehéﬁbkesﬁﬁkiﬁ aﬂgoﬁ wﬁékséeéﬁas've
action of the nedium O her advantages and detal? the invention 20

wi Il becone gelemfl eartieappabrat emBolibfeht 9B @ﬁetbfaﬁetabéegrge§€rlptlon
of exanples, made with reference to the appended figures, in which: -

Figure 1 Bepteséafista bheckhdrdageabumh.a first enbodi nent of the plant of
the invention, and 25 - Figure 2 represents a block diagramof a second
enbodi ment of the pl anhAcobrdhegi hvenheoinvéxanmphe it is also
possible to add an acid, preferably sulfuric acid, to
the medium fed to the dehydration stage. The amount of
acid added is determined as a function of the amount of.
10 free bases present in the medium to be treated. This
amount of free bases is determined By potentiometric
titration of the medium. The amount of acid added is
between 0.5 mol of acid per mole of free bases and one
mole of acid per mole of free bases, preferably between
15 0.7 and 0.9 mol of acid per mole of free bases. This
concentration range makes it possible to obtain
meltable salts and a weak corrosive action of the
medium.
Other advantages and details of the invention
20 will become more clearly apparent in the light of the
detailed description of examples, made with reference
to the appended figures, in which:
- Figure 1 represents a block diagram of a
first embodiment of the plant of the invention, and
25 - Figure 2 represents a block diagram of a
second embodiment of the plant of the invention.

Example 1:




17 A nediumresulting fromthe cyclizing hydrolysis of an

am nocapronitrile obtained by hem hydrogenation of adiponitrile was
treated by hydrogenation before distillation (stripping) of the 5 ammoni a.
The resulting mediumwas treated by passing through an ion-exchange resin.
The conditions for carrying out these jreatnments are di sclosed in the
abovenenti oned patents or patent applications and in particular in Patent
Applications WD 98/ 05636 and 10 FR 2 786 180. This medi um conpri ses

approxi mately 65% by i ght . of ., act n xhibits.the follow ng
4ehalt o1 CaRT eLAC! BILANE, XL BA

purity characteristics Permanganatée nu 38795 content of

vol atile basgsafByBkis éfSaﬂegAancgyraH@@ﬂ1&%'&a93édT§§Se

characteristics are determned according to standardi zed procedures

di scl osed i nhemiBpdardehS0i 88601 Q81 HHR1 PRE MBNYARAL BeQHERER,, (PNM 04) , 20
Standard | SO 8661 for the content of volatile bases (NvB) and Standard | SO

7059 for thehiMrogehetibh, befdre WM EbileAi6ACEsELipbUNEE df £RES medium
is, in accordance with the invention, fed via the pipe 1 to the first

di still at Bonammboia. 2Thaf resuddihyi eedivimawds theapedeoy, pEsné g of pure
sodi um hydroxide, in the formof a concentrated solution, per kg of
caprol act am th8ough an ion-exchange resin. The conditions for
carrying out these treatments are disclosed in the
abovementioned patents or patent applications and in
particular in Patent Applications WO 98/05636 and
10 FR 2 786 180.

This medium comprises approximately 65% by
weight of caprolactam and exhibits the following purity
characteristics

Permanganate number (PNmm4): 35

15 Content of volatile bases (Nyg): 1.8 meqg/kg

UV number (Nyy): 0.5

These characteristics are determined
according to standardized procedures disclosed in
Standard ISO 8660 for the permanganate number (Pwan,

20 Standard ISO 8661 for the content of volatile bases
(Nyg) and Standard ISO 7059 for the UV number (Nyy).
With reference to Figure 1, this medium is, in
accordance with the invention, fed via the pipe 1 to
the first distillation column 2, after addition, via

25 the pipe 3, of 0.6 g of pure sodium hydroxide, in the

form of a concentrated solution, per kg of caprolactam.



The columm 2 has a bottomtenperature of |ess than 130C and a pressure of
70 nmbar. The top fraction 4 is conposed of water. The distillation bottom
product 5 conprises 5 an anount of water of |less than 0.5% by weight. This
distillation bottomproduct 5is fed to a second columm 6 operating under
reflux 7, 8. The top fraction 9, conposeg essentially of caprolactam and
of conpounds with a |lower boiling point™ 10 than that of caprolactam is
renoved. The anmount of caprol actamrenoved represents 0.5% by wei ght of the
caprolactamfed in. Th i SL tho ot t dug] c i sing the
caprolactam is fed to%ggtﬁkgghgoFuﬁﬁgl% nggéﬁogé%g%?%ﬁuﬁ%ggﬁ igFglux 12,

13. 15 The tepafir a8hbeNakA LSpraBRQsE8doef 70CARLP! actam of conformabl e
purity. The purity characteristics are: Pernmanganate nunber (PNmo4): 1.5

Content of volatile bagps (BNBFra@t28nM8aiKkdcorBobNanyebgreeMW : 0.025 The
distillation bottom product 15, conposed predom nantly of caprol actam and
conprising, as inpurifrhesdigeipdapidsnwbbbtamhpgbancbos! Esgpposas t han
that of caprolactam is fed to a scraped-film 25 evaporator 16 operating
under a pbesanramofintOofibmatandofalésapehahudes5dfbit50€igRhO. The evapor at ed
caprolactamis recycled via

This distillation bottom product 5 is fed to

a second column 6 operating under reflux 7, 8.
The top fraction 9, composed essentially of
caprolactam and of compounds with a lower boiling point
10 than that of caprolactam, is removed. The amount of
caprolactam removed represents 0.5% by weight of the
caprolactam fed in. The distillation bottom product 10,
comprising the caprolactam, is fed to a third column 11
also operating under reflux 12, 13.
15 The top fraction 14 is composed of
caprolactam of conformable purity.
The purity characteristics are:
Permanganate number (Pwa4): 1.5
Content of volatile bases (Nyp): 0.28 meq/kg
20 UV number (Nyy): 0.025
The distillation bottom product 15, composed
predominantly of caprolactam and comprising, as
impurities, compounds with a higher boiling point than
that of caprolactam, is fed to a scraped-film
25 evaporator 16 operating under a pressure of 10 mbar and

a temperature of 150°C.




the pipe 17 to the third colum 11. The non-evaporated products are renoved
via the pipe 18. 5 The bal ance by wei ght of the caprolactamfed to the
first colum 2 and that produced at the top 14 of the third colum 11
shows that 99. 1% of the participating caprolactamis recovered with a high
and suitable degree of purity. 10 Exanpbe 2 An anminocapronitrile

hydrol ysis nmedium after distillation (stripping) of the amonia is treated
ina plant in accordance with the invention, represented diagrammatically

by Figure 2, accordingrhg avaggea@ea%sgt}e%@%a}n Qfgf &e%[ye'igaeéiaf or the

purlflcatlon of caprolactam The characteristics medi um are as

follows: 20 ZhePphpanganabtetnanpar -gPNeMAsh 11381 Content of volatile bases
(NvB): 232 nmeg/ kg Wnunber (Nuv) : 12 Furthernore, the concentration of

free bases, deterni negdhbynpatenhporatetiCpirbinatkolrel sefgyal 92 189 nmeq
per kg of nmediumor solution. Wth reference to Figure 2, this nediumis,
i n accordancehei plipeh&8i.nvention, fed via the pipe 21 to the first
distillation colum 22, after addition,
5 The balance by weight of the caprolactam fed
to the first column 2 and that produced at the top 14
of the third column 11 shows that 99.1% of the
participating caprolactam is recovered with a high and
suitable degree of purity.
10 Example 2
An aminocapronitrile hydrolysis medium after
distillation (stripping) of the ammonia is treated in a
plant in accordance with the invention, represented
diagrammatically by Figure 2, according to a second
15 embodiment of the process for the purification of
caprolactam.
The characteristics of this medium are as
follows:
Permanganate number (PNmm4): 381
20 Content of volatile bases (Ny): 232 meqg/kg
UV number (Ny): 12
Furthermore, the concentration of free bases,
determined by potentiometric titration, is equal to
189 meq per kg of medium or solution.
25 With reference to Figure 2, this medium is,

in accordance with the invention, fed via the pipe 21

to the first distillation column 22, after addition,



20 via the pipe 23, of 0.8 nol of sulfuric acid, in the formof a
concentrated solution, per nole of free bases present in the nediumto be
treated. The columm 22 has a bottomtenperature of 5 |less than 130C and a
pressure of 70 nmbar. The top fraction 24 is conposed of water. The
distillation bottom product 25 conprisegy an anount of water of |ess than
0.5% by weight. This distillation bottom product 25 is fed to 10 a second
colum 26 operating under reflux 27, 28. The top fraction 29 resulting from

this ' secondgol WA R6pecompOsedoesSERY i Bkl y,9%,capr olagtan pnd conpounds

with a lower boiling point than that o caprolactany i's o athird

col um 31 al§@rﬁp8EaEiBgnéénﬁﬂgﬁédrgghﬂﬁiggy Bar ﬁB&srogS k&gpggsgga the

pipe 39, to this top fraction of 0.6 g of pure sodi um r oxi in the

formof a copeestnhated shkuikaiumpet ke ekeacaprol actam The top fraction
34 fromthe third colum 31, 20 conposed of conpounds with a | ower boiling

poi nt -than that of caphel aclamn 28 haspseHotfbm dempelhatienobottom
product 35 is recycled, in the enbodinent illustrated, in the second
col uim 265 2beFhethani i3ef8Ccapdohaptassusedowhlofbattom this third col um
31 in the formof an internedi ate
The top fraction 24 is composed of water.
The distillation bottom product 25 comprises
an amount of water of less than 0.5% by weight.
This distillation bottom product 25 is fed to
10 a second column 26 operating under reflux 27, 28.
The top fraction 29 resulting from this
second column 26, composed essentially of caprolactam
and compounds with a lower boiling point than that of
caprolactam, is fed to a third column 31 also operating
15 under reflux 32, 33, after addition, wvia the pipe 39,
to this top fraction of 0.6 g of pure sodium hydroxide,
in the form of a concentrated solution, per kg of
caprolactam.
The top fraction 34 from the third column 31,
20 composed of compounds with a lower boiling point than
that of caprolactam, is removed.
The distillation bottom product 35 is
recycled, in the embodiment illustrated, in the second
column 26.
25 The purified caprolactam is drawn off from

this third column 31 in the form of an intermediate

fraction 40. This withdrawal operation is carried out




fraction 40. This wthdrawal operation is carried out 21 either in the
gaseous format the |lower part of the columm or in the liquid formin the
upper part of the colum. The characteristics of the caprolactam 5
produced are: Pernmanganate nunber (PNm 04): 2 Content of volatile bases
(NvB): 0.25 neqg/kg UV nunber (NW: 0.03,According to the process of the
invention, 10 the distillation bottom product 30 fromthe second colum
26, conposed predoninantly of caprolactamand conprising, as inpurities,

compounds wi L cAchi GRCk ncPORERGPEbRIN HRARKENIL, AL capiolLactam and sal ts

formed by the neutrallzatlon of the ee bases by e sulfuric 15 acid, is

fed to a scrapedmh b enarAEAleHuU3B QB%EnatlthheUﬂ%%ra RS Y ‘Efn%f 10 nbar
and a tenperature of 150C. The evaporated caprol actan1|s recyc in the

enbodi ment i kbasthat ed, via the pipe 37 in the second colunn 26. 20 The
non- evapor ated products are renoved via the pipe 38. The bal ance by wei ght
of the caprol act am f edTheochheaticest seakbgnbr22handaphat aprgguced in the
formof an internediate fraction 40 fromthe third colum 31 25 shows that
98. 9% of theppafticedpatieng caprol actamis recovered with a high and

suitabl e degree of purbé%hanganate number (Pwa4): 2
Content of volatile bases (Nyg): 0.25 meqg/kg
UV number (Nyy): 0.03
According to the process of the invention,

10 the distillation bottom product 30 from the second
column 26, composed predominantly of caprolactam and
comprising; as impurities, compounds with a higher
boiling point than that of caprolactam and salts formed
by the neutralization of the free bases by the sulfuric

15 acid, is fed to a scraped-film evaporator 36 operating
under a pressure of 10 mbar and a temperature of 150°C.
The evaporated caprolactam is recycled, in the
embodiment illustrated, via the pipe 37 in the second
column 26.

20 The non-evaporated products are removed via
the pipe 38.

The balance by weight of the caprolactam fed
to the first column 22 and that produced in the form of
an intermediate fraction 40 from the third column 31

25 shows that 98.9% of the participating caprolactam is

recovered with a high and suitable degree of purity.

Example 3



Exanple 3 22 Exanple 2 is repeated, with the difference

phase which conprises 60% by weight of am ne sulfates,

t hat the
distillation bottom product 30 fromthe second colum is treated by
addition of water in order to obtain a solution conprising approxinately
80% by 5 wei ght of caprolactam The m xture is subjected to
After mxing, two liquid phases are forggd. The |lower phase is an aqueous

cor

stirring.

responding to

approxi mately 70% of the amount of ami nes present in 10 the caprol actam

char ged Lo the dehydr ahappsel U d Berke cbur | Agathan aezanc e upper

phase, conposed essentia caprofactam’ 1§ recycle

nt

distillationtggkUrhe axskauiaeagﬁegatt%%%§eEdLE% @gp&Qbﬁckg

the distillation colum is recovered

egree o

I rst

E‘ééc8ﬁérged in

puri

sui tabl e fOfcd&@mﬁflbht§eat@QU59_aﬂalEﬂén”B@U%ﬁQEQV@nOBrB%Ey%B‘de in
particular for textile applications. Exanple 4 20 Exanple 2 is repeated,

with the difbetenanea sbautiba dompirkkahoappebkemapeagughs38,from the
second columm is treated by a process of crystallization in" one stage of
the caprobacwedghthefdiapirblattam. boheonipeaduct si suBjeeeagentbr at ed under
reduced pressure in order to obtain a concentration by weight of water of
appr oxi mat el $t8¥ring. After mixing, two liquid phases are formed.

The lower phase is an agueous phase which comprises 60%

by weight of amine sulfates, corresponding to

approximately 70% of the amount of amines present in

10 the caprolactam charged to the dehydration column in

the purification process. The upper'phase, composed

essentially of caprolactam, is recycled in the first

distillation column.

By this process, 99% of the caprolactam

15 charged in the distillation column is recovered with a

high degree of purity, suitable for use of this product

in the manufacture of polyamide, in particular for

textile applications.

Example 4

20 Example 2 is repeated, with the difference

that the distillation bottom product 30 from the second

column is treated by a process of crystallization in

one stage of the caprolactam.

The distillation bottom product is

25 concentrated under reduced pressure in order to obtain

a concentration by weight of water of approximately 8%.



23 5 The concentrated solution is at a tenperature of 40C and is then
cooled to a tenperature in the region of 20Cwth a rate of cooling of
approximately 10C per hour. The crystals forned are recovered by
filtration through a sintered glass filter. The aqueous nother |iquors
recovered are stored for possible recygking. The solid cake of caprolactam
crystals is 10 washed with a saturated aqueous sol ution of caprol actam

The degree of washing as wet base is advantageously between 1 and 5. The

recovered caprol actam hgg acsebhi¢i ktyat 9 be rec ' e
distillation process. 15 B? this %?%gegg?hg%éﬁo Stﬁg %a%%gﬁggkgﬁ%gcharged

in the distibkatbor aaklums kheheeawerad W bhranpeghrdedr e ehepurity,
suitable for use of this product in the nmanufacture of polyamde, in

particul ar feegibaxbifl @0appkiieat borareVOr0E600068 34 BebrbROAL0L644 CLAI NS
1. A process for the purification of |actans obtained by the cyclizing
hydr ol ysis oft0&8@a pam honiktrile, consisting in renoving, fromthe 5
hydrol ysis reaction nedium the anmonia and optionally
5 The crystals formed are recovered by
filtration through a sintered glass filter. The aqueous
mother liquors recovered are stored for possible
recycling.
The solid cake of caprolactam crystals is
10 washed with a.saturated aqueous solution of
caprolactam. The degree of washing as wet base is
advantageously between 1 and 5.
The recovered caprolactam has a sufficient
purity to be recycled in the distillation process.
15 By this process, 99% of the caprolactam
charged in the distillation column is recovered with a
high degree of purity, suitable for use of this product

in the manufacture of polyamide, in particular for

textile applications.



the solvent, in then recovering the lactamfromthe reaction nmedi um by
enpl oying at least one distillation of said lactamin the presence of a
base and in recovering, by this distillation, optionally a top 10 fraction
conpri sing conpounds which are nore volatile than the lactam a fraction
conprising the lactamw th high purity and a distillation bottom product
conprising | wot amvandésonpounds Wi th a higher boiling peeirkol )etedde

| actam characterized in that the 15 process conprises a stage of treatnent
of said distillation bottom product which consists in recovering nost of
the lactamand in recycling said recovered lactamin the process for the
purification of the lactam 20 2. TheLpi¥MEess as clainmed in claima1l,
characterized in that the abovenentioned treatnent of the distillation
bottom product is a précessAfproches Epysthel bratfonabionhefl actam from a
sol vent chosen fron1the_groug consi sting of water, aqueous |actam 25

sol uti ons an#afaePanBPtaingfebyr bhessyasicinpnbudralesaenet, ancharacteri zed
in that the abovenentioned treatnent of 25 the distillation bottom product
is a processaWb?oFﬁErlﬁﬁingP%§é?té93pb?aFP@ﬁvbﬂgthErP@cFEﬁl 4. The process
as claine ains,1 to 3 terized.in t

[ ggelof.cl c . char ac gat t he
abovenent ongﬁ B YPeat hent ﬁSﬂpW?gégmmagh?n@m?ﬂﬁlﬁbﬁv neRt+ Ry
the solvent, in then recovering the lactam from the
reaction medium by employing at least one distillation
of said lactam in the presence of a base and in
recovering, by this distillation, optionally a top

10 fraction comprising compounds which are more volatile
than the lactam, a fraction comprising the lactam with
high purity and a distillation bottom product
comprising lactam and compounds with a higher boiling
point than the lactam, characterized in that the

15 process comprises a stage of treatment of said
distillation bottom product which consists in
recovering most of the lactam and in recycling said
recovered lactam in the process for the purification of
the lactam.

20 2. The process as claimed in claim 1,
characterized in that the abovementioned treatment of
the distillation bottom product is a process for the
crystallization of the lactam from a solvent chosen
from the group consisting of water, aqueous lactam

25 solutions and lactams.

3. The process as claimed in claim 1,

characterized in that the abovementioned treatment of



distillation bottom product with water, the |lactam being recovered in the
organi ¢ phase. 5. The process as clained in one of the preceding clains,
characterized in that it conprises a 10 distillation of the lactamin an
acidic nmedium prior to the distillation in a basic nmedium 6. The process
as claimed in one of the preceding clabgs, characterized in that the
anount of basic conpounds which are added is between 0.05 g and 15 2 g of
basi ¢ conmpounds per 1 kg of lactam 7. The process as clainmed in one of the

precedi ng cl ghesgighanagtebhzedtibmt Babaube @asgcpr%e@egu'%r' %h%hosen from
al kali metal hydroxides. 8. The process as clained in claimS§5,

characteri zedhin-lhgert Beapordi-¢ caoBporned Nscsufuric acid. 9. The process
as clained in claim5 or 8 characterized in that the anobunt of acidic
conpound added is betveen @hk amdcgssDhspeflatimkd @h brheeolfases 25 present
in the lactamto be purified. 10. A plant for the inplenmentation of a
process for theipmer iif tcaBi oghefrakéetramedbyndihtil thti aboR2eémehtsanddl act am
characterized in that it conprises three distillation colums nounted in
series, the tiregstmep® cepprhsesgwastshgdthei ehovemamhionhd second col umm
(6, 26) and the third colum (11, 31) making it
distillation bottom product with water, the lactam
being recovered in the organic phase.
5. The process as claimed in one of the
preceding claims, characterized in that it comprises a
10 distillation of the lactam in an acidic medium, prior
to the distillation in a basic medium.
6. The process as claimed in one of the
preceding claims, characterized in that the amount of
basic compounds which are added is between 0.05 g and
15 2 g of basic compounds per 1 kg of lactam.
7. The process as claimed in one of the
preceding claims, characterized in that the basic
compound is chosen from alkali metal hydroxides.
8. The process as claimed in claim 5,
20 characterized in that the acidic compound is sulfuric
acid.
9. The process as claimed in claim 5 or 8,
characterized in that the amount of acidic compound
added is between 0.5 and 1 mol per mole of free bases
25 present in the lactam to be purified.

10. A plant for the implementation of a

process for the purification of lactams by distillation



5 possible to separate either the conpounds which are Iless volatile than
the lactam or the conpounds which are nore volatile, the purified | actam
being withdrawmm fromthe third colum (11, 31), and in that a basic
conpound is added to the |actam before feeding to at 10 |east one of the
colums. 11. The plant as clained in clgim 10, characterized in that the
basi ¢ conmpound is added to the |lactam before feeding to the dehydration
colum (2, 22). 15 12. The plant as clained in clain111, characterized in
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are separated as distillation botton1pro uct rom the third col um

(11). 14. The2pl any asiebaanBdhiyarakabm $81umahataet %'céﬁé bBlhIﬁﬁt the
distillation bottom product 25 (17) fromthe third colum (11)

subj ected to(a,tcéat amat the ehded telugeoven,the)l agkapypresent and to 27
recycle this recovered lactamin the process for the purification of the

| actam 15. Phespbaet tasseparaed ethtakai fhé0compbandet @hizBdaka t hat the
conpounds which are nore 5 volatile than the |actam are renoved as top
fraction less volatile than the lactam or the compounds which

are more volatile, the purified lactam being withdrawn

from the third column (11, 31), and in that a basic

compound is added to the lactam before feeding to at

10 least one of the columns.

11. The plant as claimed in claim 10,
characterized in that the basic compound is added to
the lactam before feeding to the dehydration column (2,
22) .

15 12. The plant as claimed in claim 11,
characterized in that the compounds which are more
volatile than the lactam are removed as top fraction
(9) from the second column (6).

13. The plant as claimed in claim 12,

20 characterized in that the compounds which are less
volatile are separated as distillation bottom product
(17) from the third column (11).

14. The plant as claimed in claim 12,
characterized in that the distillation bottom product

25 (17) from the third column (11) is subjected to a

treatment in order to recover the lactam present and to



fromthe third colum (31) and the conmpounds which are 1|ess volatile than
the lactamare renoved as distillation bottom product fromthe second
colum (26). 10 16. The plant as clained in claim 15, characterized in
that the distillation bottom product fromthe second colum (26) is
subjected to a treatnent in order to rggover the lactam present and to
recycle this recovered |actamin the Iactan1purification 15 process. 17.
The plant as clained in claim15 or characterized in that the basic

d t d ation colum
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characterizeduiArtiBatiadh a¢i dhe g¢aepapnd is added to the | actam before it
is fed to the dehydration stage and in that the basic conpound is added to

the lactambefore it is.fedhkopthatt Bsrd160heamih3t)aik910The plant as
claimed in either of clains 14 and 16, characterized in that the treatnent

of the distthhaticerrbabtiommpehducthecenppbahag whechogpauRdee28 which are
| ess volatile than the lactamconsists in separating the |lactamby a
process chosenlatdiet hbangtbepleonamstiregrefmogetihbns- topmteacthobn- | ayer

from the third column (31) and the compounds which are

less volatile than the lactam are removed as

distillation bottom product from the second column

(26) .

10 16. The plant as claimed in claim 15,
characterized in that the distillation bottom product
from the second column (26) is subjected to a treatment
in order to recover the lactam present and to recycle
this recovered lactam in the lactam purification

15 process.

17. The plant as claimed in claim 15 or 16,
characterized in that the basic compound is added to
the lactam before it is fed to the dehydration column
(22).

20 18. The plant as claimed in either of claims
15 and 16, characterized in that an acidic compound is
added to the lactam before it is fed to the dehydration
stage and in that the basic compound is added to the
lactam before it is fed to the third column (31).

25 19. The plant as claimed in either of claims
14 and 16, characterized in that the treatment of the

distillation bottom products comprising the compounds



evaporation, a crystallization and/or a washing with 5 water. 20. The
plant as clained in one of clains 10 to 19, characterized in that the
basi ¢ conmpound is chosen fromalkali netal hydroxides. 21. The plant as
claimed in one of clains 10 10 to 20, characterized in that the anmount of
basi c conpounds which are added is betwgen 0.05 g and 2 g of basic
conpounds per 1 kg of lactam 22. The plant as clainmed in claiml18,
characterized in that the acidic conmpound is sulfuric 15 acid. 20 25 23.

The plant as,glighmadd Neas! h2ha0h 16l ahth (18 dadcah ghanaglenized in that

t he anmount of acidic conpoun tweeén ol er nol e of

free bases p%%%%&hthﬂth%elqg%%@hﬁ%yb% B%Bb%%%dch%éenT@ R!%ﬂ% as clai med
in one of claine 10 to 23, characterized in that the glun1conpr|3|ng t he

lactam t o begpubf cedsistabbyaioted Bnihreatifeot thigughyean i on-exchange
resin of the amnonitrile hydrolysis reaction nedium after renoval of

ammoni a. 25. eVh@ophanbnas ackaiyerdliln zane oaf agldaiols al(ashenddwicharacteri zed
in that the lactamis caprolactam 29 26. The plant as clainmed in one of
clainms 105 twaR®gr.characterized in that the hydrolysis reaction
20. The plant as claimed in one of claims 10
to 19, characterized in that the basic compound is
chosen from alkali metal hydroxides.
21. The plant as claimed in one of claims 10

10 to 20, characterized in that the amount of basic
compounds which are added is between 0.05 g and 2 g of
basic compounds per 1 kg of lactam.

22. The plant as claimed in claim 18,
characterized in that the acidic compound is sulfuric

15 acid.

23. The plant as claimed in either of claims
18 and 21, characterized in that the amount of acidic
compound added is between 0.5 and 1 mol per mole of
free bases present in the lactam to be purified.

20 24. The plant as claimed in one of claims 10
to 23, characterized in that the medium comprising the
lactam to be purified is obtained by treatment through
an ion-exchange resin of the aminonitrile hydrolysis
reaction medium, after removal of ammonia.

25 25. The plant as claimed in one of claims 10

to 24, characterized in that the lactam is caprolactam.



mediumis subjected to a hydrogenation, before renoval of the ammonia. 5
27. The plant as clainmed in one of clains 10 to 25, characterized in that
the hydrolysis reaction mediumis subjected to a hydrogenation, after
removal of the ammonia. 28. The plant as clained in one of clains 10 10
to 27, characterized in that the cyclizhgg hydrolysis is carried out in

t he vapor phase or in the liquid phase. 29. The plant as clained in one of
claims 10 to 27, characterized in that the cyclizing hydrolysis 15 is

carried out in the liqygd p%ﬁﬁeplgﬂttgg Bﬁgiﬁggeiﬂfon% %9'%?Qﬁms 10

to 25, characterized in that the hydrolysis reaction
medium is subjected to a hydrogenation, before removal
of the ammonia.

5 27. The plant as claimed in one of claims 10
to 25, characterized in that the hydrolysis reaction
medium is subjected to a hydrogenation, after removal
of the ammonia.

28. The plant as claimed in one of claims 10
10 to 27, characferized in that the cyclizing hydrolysis
is carried out in the vapor phase or in the liquid
phase.
29. The plant as claimed in one of claims 10
to 27, characterized in that the cyclizing hydrolysis
15 is carried out in the liquid phase, in the presence of

a solvent.



