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(54) Title: METHOD FOR PURIFYING LACTAMS As printed
(54) Titre : PROCEDE DE PURIFICATION DE LACTAMES

{57) Abstract: The invention concerns a method for purifying lactarus, more particularly lactams obtained by cyclizing hydrolysis

of aminonitrile. More particularly, the invention concerns the purification of e-caprolactam obtained by cyclizing hydrolysis of

. aminocaprenitrile which consists in eliminaring the ammonia from the reaction medium of the hydrolysis then in recuperating the

Jactam from said medium in purified form. Said recuperation is carried out by performing at least a distillation of the lactam in the

presence of a base producing optionally 2 fronts fraction comprising compounds more volatile than the lactam, a fraction comprising

the laciam to be recuperated to the degree of desired purity and a distillation tails comprising the lactam and compounds less volatile

o than the lactam. The distillation tails are treated by various processes such as evaporation in thin layers to recuperate the major part

< of the comprised caprolactam and recycling the lanier in the purification process. The invention enables a High rate of recuperation
of the caprolactam contained in the hydrolysis medium, while observing the required criteria of purity.

L g
\D (57) Abrégé : La présente invention concemne un procédé de purification de lactames, plus particnlizrement de Jactames obtenus par
hydrolyse cyclisante d’aminonitile. L'invention se rapporte plus particolitrement 4 Ja purification de J'e-caprolactame obtenu par
hydrolyse cyclisante de I'aminocapronitrile consistant 2 €limirer I"ammoniac du milien réactionne} d’hydrolyse puis & récupérer le
>~ lactame dudit milieu sous forme purifiés. Cette récupération est réalisée en mettant en oeuvre au moins une distillation du Jactame -
en présence d'une base produisant éventuellement une fraction de téte comprenamt des composés pius volatils que le Jactame, une
fraction comprenant le lactame & récupérer an degré de pureté désiré et un pied de distillation comprenant du lactame et des compasés
moins volatils que Je Jactame. Le pied de distillation est traité par différents procédés comme 1"évaporation en couches minces pour
- récupérer la majeur partie du caprolactame contenn et recyclage de celui-ci dans le procédé de purification. L'invention permet un

tanx de récupération élevé du caprolactame contena dans le milieu d"hydrolyse, tout en msglam les critéres de ﬁm’ew ﬁms '
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PURI FYI NG LAgTAXEEAS grlgted #54) itre : PROCEDE DE PURI FI CATI ON DE

LACI ' AVES (577FAbEEr BB IFRBC{ AU eRt | tRCEFRtertRre past et ¥orlypwd f yi ng

| act ates, no [t arly.lactanms obtaj ned clizing hydrolysis of
aninOnitriIeigﬁggggpégk?%ﬁ¥%r$¥, Re“Y Vet RD S tHe purification of
E-caprolagtag%gggﬁiggglgy cyclizing hydrolysis of am nocapronittile which
consists in elimnating the anmonia fromthe reaction nedi um of the

hydrol ysis then in rec rati al.d diumin purified
form Said recuperatioﬁﬁgs§%%§$$% dﬂ%f%§§%2§4€§2ﬁﬁﬁfﬁa“ %ﬁ%ﬁ %f.
distillationteé pheikachemmh ot r@cagx%a%%%npfob%aaﬁ%e E&O@H%i ng optionally
a fronts fraction conprising conmpounds nore volatile than the lactam a
fracti on conpytesiagng thedteliais tef hgniesamaraiad-ii@ t he degree of desired
purity and a distillation tails conprising the | actam and conpounds | ess
volatile than the | acsamrdhepithastisddaticon dhal |ssrahediceatred by vari ous

processes such as evaporation in thin layers to recuperate the major part
1 g-caprolactam, a major chemical intermediate used in

AU, AZ, BA, BB, ‘BO BR BY, BZ, CA CH CN, CO CR
VD,

particular in fhe 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 cyclohekanone oxime in the
15 presence of sulfuric acid or of oleumn.

" Another process which forms the subject-
matter of numerous studies consists in obtaining |
g-caprolactam by the cyclizing EYdrdl?éis*of
aminocapronitrile. This réaction, disclésed in French

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

Pétent EP 150 295 also relates £o a process

25 for the cyclizing hydrolyéis of aminocapronitrile in
the gas phase in the presence of a catalyst‘based on

copper and on vanadium.



of the conprised caprolactamand recycling the latter ip faBGe@BE%fbﬁﬁﬁi on
process. The invention enables a high rate of recuperation of the

_caprol actam contained in the hydrolysis medium while observing the
required criteria of purity. (57) Abrege : La presente invention concern un
procdde de purification de | actanmes, plus particulierenent de | actanes
obtenus par hydrolyse cyclisante d' amgonitrile. L'invention se rapporte
plus particnikrenent a la purification de 1' e-caprol actane obtenu par
hydrolyse cycliisante de |'am nocapronitrile consistant a elimner

| ammoniac du mi | ieu regstonnalohdir Asa u fiy qpaeuReter dic  lactam
r }

dudit mlieu sons fornme purifee. Cette recuperation est &n nettant

en oeuvre auppbEEsseE Hastib!BéioRr dii dactalogieen Prasence d' une base
produi sant eventuel | ement one fraction de fete conprenant des conposes plus

vol ati|s quechemiasl ai®teniiedidtfacst o s BHMENaRt; Jif nl-AGaNE. i recupeter an
degr6 de puret6 desire et un pied de distillation conprenant du | actane et
~des conposespospiBleolmtpast queldre taciantadmgy ebidedissti| | ation est
traitd par diffdrents procddes comme ]'evaporation en couches mninces pour

r ecupeaer 2] a¥ajoukipanthar altt @i ol e tsrte. sentteny @oxr @tycl agc de cel ui -ci
dans | e procedts de purification. L'invention permet on roux de

rdcupei ari onPeLRC NI e fpf of iqui s ardamtsdapsidhe ami vieewsd' hydr ol yse, tout
en respecLanﬁl. |l es criteres de puretd requis. 12 Novenber 2004 WD 01/ 90065
PCT/ FROL/ 016%PRETHAFECRPUR M NG LACTAMS The present invention rel ates
to a process for the purification of |actanms, nore particularly of

| act ams obt ai ned -by t HE"SFIYS MY HydPdLeS $TOCeSSEHi RaNPt PRER.  The

. [
i nvention r S r rticularly to the purification of E-caprolactam
obt ai ned byeélﬁ%ﬁ%%lﬁlﬁt&%;c r‘%lt%nst St &ﬁﬁenSE‘QﬁPgﬁFFPM gbtaiperal -

processesp f Qfy tiee EMBESIS ﬂaﬁr%.n?égr%?ﬁr %lfa%%?%h%x%. or cheni cal

intermedi ate used in particular i e production of pory3fittl€s and nore

particul arly of pol yamga-dbsdiawe bear provicded: ;ne ef (pLthe nost widely
used processes industrially consists of = a Beckmann rearrangenent of

cycl ohexanonemmd I taiin i ainelr esenee efcaubingi fyachdyQf0fs0l eum
Anot her process which forms the subject- matter of  numerous studies
consi sts inagdmmiqampnitrile 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
part;cular by aistillatibn of the caprolactam.
The caprolactam thus rec&vered is subjected
20 Fo a hydrogenation, then either to a treatment through
ion-exchange rgsins Oor to a distillation in the
presence of sulfuric acid, and, finally, to a
distillation in the presence of a base.
' Other purification piocesses have been

25 provided. Thus, Patent WO 98/05636 provides a process

for the purification by 1iquid/liquid extraction using



E-caprol actam by the cyclizing hydrolysis~of am nocapgenitiihBer T8H64
reaction, disclosed in-French 20 Patent 2 029 540, can be carried out i
.the liquid phase.in the presence of solvents and of catalysts or, as
di sclosed in Patent US 2 357 484, in the gas phasé wth alum na as
catal yst. Patent EP 150 295 also relates to a process 25 for the cyclizing
hydr ol ysis of am nocapronitrile in the yas phase in the presence of a
cat al yst based on copper and on vanadium 12 Novenber 2004 2 The

e- caprol actam obt ai ned by these synthetic processes has to be purified in
order to obta modvetitewical ahntet ditdi aheuet arNBROFEEr¥ALLELpBKes it
‘possible in particular to manufacture polynmers 5 exhibiting-

char act eri st itdgrosghi skadnery for the manufacture of finished products,
such as yarns, fibers, and the |ike. Numerous, purification processes have
been provided for thelfr&herenprofeshescapr bingl afi obi Aiaeton 10f by t he
Beckmann rearrangenent of cycl ohexanone oxi nme. Processes for the
purificationt8f CRETEABFERECLENPEREARALY Byovheedyih i gider hyar ol ysi s of
aninocapr%nit%ile have al so-been provided, Thus, Patent US 5 496 941

di scl oses "a PPGEe8s AT EHUEbNERLER FRALISTLepathe i ¢l temiproluntsit th | ow
boi l'i ng poinE% ang he. prodgcts mﬁtg hi gh boiling points fromthe

hydrol ysis resction’ nkbi BAf Crhrs25ehlf at For T8 Hhmanmeeey iin gdre i cul ar by

'diStiylatiQnmgkukggtﬁﬁgrgkaﬁéfyémides, such as polyamide-6.

However, this final distillation results in a

n

ol : high loss of caprolactam, which is very harmfﬁl to the
10 general economics of the process.

Thus, in the case of the ﬁurification of a
caprolactam obtained by the Beckmann reérrangement-
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 distiliations and a
treatﬁent with a strong acid of the caprolactam thus

20 distilled before it is recycled iﬁ 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 theltreatment before recycling. This
recycling procesé is complex and requires a significant

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

treatment of a caprolactam synthesized by a novel



The caprolactamthus recovered is subjected 20 to a hydr Lon hen
either to a treatnent through 1ion-exchange resins or %(g gggg@h@gl %Plb%n I n

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 WD 98/ 05636 provides a process for the purification by
liquid/liquid extraction using 12 Novenber 2004 3 a solvent with an acidic
nature or by a treatment through resins. 4 n these processes, a final
distillation of the caprolactamis generally provided in order to 5 obtain
a product which satisfi es,tﬂe criteria of purity required, in particular
for its use a5 AbhofdRr VRIFReCahnAeharebe cotively abi titererstuch as :

pol yam de- 6. ﬁwgv% this final distillation results in a high |oss of
caprol act am WY ST FESY ef §IWAF HR%I He6e 1 HUr 1l GRinicrmiprassrsfTs of the

process. Thus, in the ¢ f the purification of a caprolactam obtained
by the Becknann rearran(%zcﬁe% t}rleea‘% Ip%n‘?glﬂgieerﬂrﬁ%% 303 By M des a

process for pyrLfyEaGy, ro & whi ch.conprises a stage of -15 -
extraction by a s%%ventégﬁag%e%%%%ﬁqea iBh 59 Va 5Kk ifc BROGaRR  The
distillation £68i4us d:$:tfgateg.t T ecoVver.  as ch _a ossi bl.e .of the

caprol actam This Liflreat nent consi%slflsﬁoc?aﬁuorrfﬁefrmadﬁ&cﬁaﬁhﬁeﬁh’&t&r‘?@ a

treatment w thremsthoneycci #i0f HherSRRQ 3t am thays .29 (i st L) gdpoefore it
is' recycled in the extraction ,
make it possible to obtain a high degree of recovery of
lactam of high purity. - |
To this end, an aspect of therinventipn provides
10 a process for the purification of lactams, obtained by the
cyclizing hydrolysis of an aminonitrile conéisting in
removing from.the hydrolysis reaction medium, the ammonia
and optionally the solvent, in then recovering the lactam
from the reaction medium by employing at least one
15 distillation of the said lactam in the presence of a base
and in recovering, by this distillation, optionally a top
fraction comprising compounds which are more volatile than
.the lactem, a fraction comprising the lactam with high
purity and a distillation bottom product comprising lactam
20 . and compounds with a higher boiling point than the lactam,
characterized in that the 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
25 of the lactam.

Thus, the distillation bottom product or

residue recovered in the stage of purification by



stage. This process nmakes it possible to inprove the Eggﬁggeggegeggﬁ?ry of
the caprolactambut requires the wuse of an acid for the treatnent before

recycling. This recycling process is conplex and requires a significant 25
investnment in order to carry out the aéid treatnent. Furthernore, this
process cannot be transposed to the treatnment of a caprol actam synt hesi zed
by a novel 12 Novenber 2004 4 reaction, which can generate entirely
different. inpurities requiring novel purification processes. One of the
ai ns of the present Thwgenttitsh distillaiiomne dpetEoeserafdeatvant aged dpe
providing a process ,5 and a plant faor the,gﬁrification gﬁ a,hictan1

resul ting e Bl i Hihg SRl 98I P EHCAM MoNniY | AESTALLATRRe it
possi ble to tain _a.high degree of recovery of . lactam.af high purity. To
bhi's end, PRSORUBEEELIN (RAY| Rl F provicdls  16°a Oess for PEREY

pur {1 cat e fle JAGEATRy. O Aied. e D evelighig N lysics of an

am noni tri consi sting-“in~ renovi n I's reaction medi um

the ammonia and opih onaldyodiiseSO! vqﬁg){ :}f&%éei?%%%r}lie l.a¢t am

fromthe reaction nmedium by enploying a ast one tion of the

said |acteephratse DBETARCE:Ain 3hAS e 20 bk IBFWSELSR: pRYalRLS in
distillation, optionally a top fraction conprising conpounds which are

more vol adny e stagre dhe thactpmiffcdt Behi Prox@Ey | 6+nG .t henbagiamyth high

purity and a distillation bottom product conprising |actam 20. and

conpoundsohizined hafher tioe |eynol poimg hydrolpeidactam characterized in
that the process conprises a stage of

According to ancother embodiment, this treatment
of the distillation bettom product may consist either of a
recovery of the lactam by, for example, thin-layer
evaporation of the lactam present 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 hydrolysis.

ACcofding to a further embodiment, this
treatment of the distillation bottom product may consist
either of a 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.

The crystallization of the lactam can be carried

out according to conventional crystallization processes

with, as solvent, either water or an agqueous



treatnment of said distillation bottom product which c%sh%b%m%)%rr %%\Aeri ng
most of the lactamand in recycling said recovered |actamin € process
for the .purification 25 of the lactam Thus, the distillation bottom
product or residue recovered in the stage of purification by 12 Novenber
2004 5 Thus, the distillation bottom product or residue recovered in the
stage of purification by distillation predomnantly may conprise |actam
the inmpurities being conposed mainly of ésalts and of reaction by-products.
An enbodi nent may provide recycling the separated |lactamfromthe
distillation bottom product.in any stage of the-purification process or in
the medi um oBP&RREeN afdBrratrd cyklih 21 agtdmy dvol vise sladcanritsgl £ 0 @not her
enbodi ment, this treatnment ~ of the distillation bottom product may consi st
either of- a TBCOVERYLIFHRLY AEM Y, otorimampinglde htradayer
“evaporation aof the |lactampresent in the distillation bottom product and in
recycling sai %%Y)%’fatbﬁ IP‘%‘C‘?%?ﬁlTlﬁ' R ¥ e fcmrt pliriddtgat on process

or in the ned obt ained after the cyclizing hydrolysis. According to a
furt her. errbod%%%ﬁs, Thi snbe tFEAPET- of the distillation bottom product may

consist either of ar f.the . actam by, for_  exanple, thin- |ayer
A o PSR T TR e o AR HAR CerdE imsa

evaporation of the |actam Crys

separation ofgdhe; d actamdromthe pther L.inpurities, for exanple by

extraction of nost of the |npurities w lhEI’g\/%‘/é)tsél"rd.’ Tor Sxample, in
Patents EP 943 608 and US 4 882 430.

The lactam thus obtained may be recycled in the
dévice for distillation in a basic medium, either by
.10' direct feeding td 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 mediuﬁ resulting from tﬁe

15 cyclizing hydrolysis.

According to an embodiment, the digtillation
bottom product may be treated in a thin-film or thin-layer
evaporation process. The vaporized lactam may be recycled

in the distillation device under conditions similér to

" 20 those of the embodiment employing the crystallization. The
evaporation‘of the lactam may be obtained by heating at a
temperature between 130°C and 150°C under a pressure of
less than 10 mbar.

Further, an embodiment may provide that 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



U

The crystallization of the lactamcan be carried out agcgrdi 8192004
conventional crystallization processes wth, as solvent, either water or
an aqueous 12 Novenber 2004 6 sol ution satugated with lactamor the | actam
itself. It 1is advantageously carried out in a single stage. However, if
necessary, two or nore crystallization stages can be enployed. 5 A
crystallization process and the conditions for its inplenentation are

di scl osed, foradeaigldsoidly Pasl ER:QA3 £P8 sand 4 0. (Ihe lLactam
t hus obt ai ned may be %hecyclyed [ nrﬁtgﬁe e;ievi cegpf ol?{]ditglt%l I Pg-lgi%g%%i nf§gba ?te
medi um  ei t hemuyi fliGatdiareco £ eedi NYat@ahheydi @1 st BLLONEOLEBML AL 485 34
predeterm ned |l evel or by addition to the stream of reaction nmedium

ent ering sai d msslivm amst tHteranot kehassitagedfud he process for the
purification and recovery of the |lactamor even in the mediumresulting
fromthe 15 cyclizing MHphss yspsoc@9s@s Ador di tiget 0 taeaembadi nesd , the
distillation bhottom product may be treated in a thin-filmor thin-Iayer
evapor ation prdgts&sl.laﬂ%é’r\/aﬁlﬂqtﬁﬁ IRRadrttayndae realel etlt i posbible to
distillation device under conditions simlar to those of the embodi ment .
enpl oyi ng Phe TR 17 2alfG8F THES BVapieighion eflvehsabeouahvmat béeast

obt ai ned by h I n t.a - tenperature between 130C and 150C under a.
pressur e . of %?é%s ?’hfa they J@RpAm present in the said bottom product. The

losses of lactam in the purification process may thus be
restricted to less ﬁhan 3% by weight of the participating
L lactam.

10 | The process according to one embodiment may thus
make it possible to restrict the losses of lactam to a
very low level during the purification by: basic
distillation. These losses may have only a very slight
effect on the economics of the process and in particular

15 the quality of the lactam recovered is of a very high
level.

According to another embodiment, the medium may
comprise the lactam to be recovered which 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, pafticipating in the
basic distillation, may have been subjected-to several

25 preliminary treatments after evaporation of the

ammonia.



Further, an enmbodi nent may provide that the distillatipg §8$é@gépr%g@&t can
be treated with water to dissolve the inpurities, in partircular the salts,
the lactamrecovered after separation by settling 12 Novenber 2004 7 5 10
15 20 advant ageously being recycled in the process for the purification of
the lactam by distillation in an acidic nediumand then in a basic nedi um
These processes for the treatnent of the distillation bottom product may
make it possible to recover at |east 90% By wei ght, advantageously at

| east 95% of the |lactam present in the said bottom product. The | osses
of lactamin the purification process may thus be restricted to |less than.

3% by wei ght of the partigi patfuRgharahddaimBa Ll @E@S h e dHiRd AR Men -
enbodi ment may thus nake it possible to restrict the I'osseS of lactamto a
very | ow | evel mddtufg e puriddepiedntby awive ehet iddoadicen whese lpsses
may have only a very slight effect on the econonm cs of the process and in
particul ar theegpabitiyedf thessd act@mtrideovened msref wolVaeryldi ghhard evghe
‘According to anot her enbodi nent, the nediumnmay conprise the lactamto be
recover ed ghicﬁacanmbeTbﬁé Yrgadcmieort , metisghosed time Ryyodntzihy hydpél welils, of

consists in evaporating the ammonia, the water and the
other volatile products and in then distilling the lactam.
The hydrolysis reaction medium treated by the basic
distillation may thus be the lactam recovered Dby

distillation.
10

In another embodiment, in particular when the
cyclizing hydrolysis is carried out in the wvapor phase,
only the ammonia may be extracted from the reaction
medium, which may or may not have been subjectéd. 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 tfeatmeﬁt, for example,
before.being fed to the basic distillation.

20 - In another embodiment, the process for the
pufification of the lactam can comprise a treatment-
'phrough 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

Crystaliizations of the lactam, the lactam thus



amnonitrile after evaporation of the ammonia. Said r | %]ggpiygagould
be subjected to a hydrogenation before the evaporatio§§g$6€ e anmmoni a.

This reaction nedium participating in the basic distillation, nmay have
been subjected to several 25 prelimnary treatnments after evaporation of
the ammonia. 12 Novenber 2004 8 5 10 15 20 In a further enbodi nent, the
hydrol ysis reaction nedium my be treatgd to remove the products which are
respectively less volatile and nore volatile than the |actam This
treatnment, disclosed in Patent US 5 496 941, consists in evaporating the

amoni a, the w&g&aqquteaefo%*ﬂﬁ{;iMﬂé%&éwr%’% nd jn then distilling

the lactam The hydrolysis reaction nmediumtreated et%%sb%sic

distillation mgttihustchent hg gggégaaﬁggqyfiﬁdt Y -ﬁ%éﬁ{iég@ion. I'n another
enbodi nent, in particular when the cyclizing yd#o ySis'is carried out in

the vapor phase, only tdwls@ajﬁ%itaggay laﬁeexta%&%%é&@ﬁl;&?gﬁé%&éon in

medi um which may or nay not have en subjected to a enation prior

to the renovalacoridemammedi ane Thedodi e agoyeped Dysehsti khatd oD, Qf L8

ammoni a-free reaction nmedi um can be subjected to a hydrogenation or an
oxi di zi ng Pr emumddti caftdonexprptess which can be combined with numerous
other known treatments of lactams used in the numerous

disclosed purification processes.

According to another embodiment, the
purification process can be employed in a distillation
10 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 pﬁrification process by distillation in a basic medium
or an acidic medium and then a basic medium are also

subject-matters of the present invention.

Accordingly, another aspect of the invention

provides a plént for the implementation of a process for

20 the purification of lactams by distillation of said
lactam, characterized in that it comprises three
distillation columns mounted in series, the first (2,22)
being a dehydration column, the second column (6,26) and
the third column (11,31) making it possible to separate
25 either the compounds which are less volatile than the
lactam or the compounds which are more wvolatile, 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 least one of the columns.



before being fed to the basic distillation. In anotherlfqﬁgﬁ&ﬁ5$g,2é@£
process for the purification of the |actam can conprise a treatnen

through .an ion-exchange resin in an acidic mediumor a .distillation in
the presence of a strong acid, for e§anple sul furic acid. 25 The process
for the purification and recovery of fhe lactam can al so conprise one or
nore successive crystallizations of the lactam the lactamthus 12
Novenber 2004 9 5 10 crystallized formng the nediumfed to the basic

distillation in accendanggrWit BnbbainBKent i@n chCRRSeHUe R ariRe for
distillation process in accordance to one enbodi nent may be a stage in a

lactarn pukirkiigat bl RheCessavhical €anabeagorbimaed oW LiF MWERIeUS andt her
known treatnents of |actanms used in the nunerous disclosed purification
processestoAcdes di pgrtidiadot hethenbedament ,mafe cpumpirficeation @iegass can
be enployed in a distillation process conprising several distillation

col uims ndastédliabioserciodsmnn tor ddridio Wer rlacouant he bacpesdifiedsdmar ati on
of the various products. These plants for the inplenentation of the 15
purificat £64 piiddess pyedeterninedoampunt tedsikageedi T shisn cadivginc nedi um
and then a basic nediumare also subject-matters of the present invention.
Accor di ngl3ovanGenhdien ribidrsrt e § i ophe water may be removed

in the form of a top fraction, the distillation bottom
product, comprising the lactam and the base, being fed to

a second distillation column.



provides a plant for the inplenentation of a process fgh L-sthbhation
colums nounted in series, the first (2,22) being a dehyﬁgg%?g% c%PE#n,

the second colum (6,26) and the purification of lactanms by distillation of
said lactam characterized in that it conprises three purified |actam
being wthdrawn fromthe third colum (11, 31), and in that a basic
conpound is added to the |actam before feeding to at | east one of the
colums. the third columm (11,31) nakimag it possible to separate either

t he conpounds which are |less volatile than the [|actam or the conpounds

whi ch are nore vol atil he 12 Novenber 2004 9a in _a first enbodi nent
whi ch may be suitable ]T%)rtthlcgarﬁ‘ziﬁ O’%[spﬁl&a[ T ROt m of

1t B0 A LTRSSy P

colum to whi am e purrfiedTs

Ty be remoner Tt e oo R on T act o e et e i

may be renoved in the formof raction

product, comfyd Y& e daetiamiandciba Pasemnbeing fed to a second
distillation colum. 12 Novenber 2004 10 5 10 in this second distillation

col um, the products whi chtlairee nohiérdol abiluent harthehe lactam nmybe be
renmoved in .

distilled and recovered as a top fraction, and the
distillation bottom product can advantageously be treated
according to the processes of the embodiments in order to
recover most of the lactam. The lactam recovered from the

10 distillation bottom product may be advantageously recycled

in the second distillation column.

Accofding to a second embodiment, the plant ﬁay
also comprise three distillation columns mounted in
series. The first column is, as in the first embodiment, a

15 ~-dehydration column which may make it possible to remove

most, preferably all, of the water.

In the second column, the least wvolatile

compounds, and in particular less volatile than the

20 lactam, may be separated and may constitute a distillation
| bottom product, and the lactam recovered at the column top

may be fed to the third column.

In thig final column, the purified lactam may be
collected in the form, advantageously, of an intermediate
25 fraction by withdrawal, either in the vapor phase or in

liquid phase. The top fraction, composed of the compounds

which are more volatile than



the formof a top fraction and the separated Iactan1nayzbgoggﬁbég Jobhird
distillation colum. In this third colum, the lactamdistilled and
recovered as a top fraction, may be and the distillation bottom product can
advant ageously be treated according to the processes of the enbodi nents in
order to recover nost of the |actam The |actamrecovered fromthe
distillation bottom product nmay be advant ageously recycled in the second
distillation colum. According to a second enbodi ment, the plant may al so
conprise three distillation colums nounted in series. The first columm
is, as in the first enbodinent, a 15 -dehydration col um which may neke it
possible to renove nost, preferably all, of the water. 20 In the second

colum, the | eade VRd@tdhe maoMmesngdemodBd idhdakhicuy vl apile L han
the lactam my be separated and nmay constitute a dis?%?#%??%ﬂgib%Pkgﬁnl

product, and theollactamayepoweedbny boerE&oy4IEd tap tmysg&ﬁ@q:dlqurp_e
third colum. In this final-colum, the purified |actamnmay be collected

in the form advantageoudfy, thisaneirhbdimedtat etR26 f Bagtionabyoni t Bdiawa] .

either in the vapor phase or in liquid phase. The top fraction, conposed
of the conpounBECdWhFchfreR nehe \apeid e adlamnl 2 migverlienn?2@@éohtly be
treated in order to recover the lactam . The lactam thus

recovered may advantageously be recycled in the second
colummn.

Preferably, the basic compound may be added to

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

However, another embodiment may relate to a
process which éonsists iﬁ treating the medium comprising
the lactam to be purified by distillation in an acidic

15 medium. and more particularly in sulfuric acid médium,
followed by distillation in a basic medium. Such a
treatment may be employed in a plant in accordance with
the second embodiment described above.

In this second embodiment, the acid may be added ‘
20 to the medium to be treated before if 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 présence of the
25 acid, for example amine sulfates or sulfates

originating from the neutralization of the base may be

removed and bled off in the distillatiom bottom product



5 .10 15 the lactam nay be renoved and the distillatiop b@&@gm%epr%gygt may
preferably be recycled in the second colum. In this eﬁ%odlnent, t he
distillation bottom product fromthe second col um nay -advant ageously be
treated in order to recover the lactam. The |actamthus recovered may
advant ageously be recycled in the second colum. Preferably, the basic
conpound may be added to the nmediumto P treated before it is fed to the
first dehydration stage. However; another enbodinment may relate to a
process which consists in treating the nmediumconprising the lactamto be

purifjed by disddddationgn aci gdj di and nore particularly in
sul furic acid nedi um fgilo%gg byg%§%?$?Ié#?%ﬁgiiFEﬂ?ﬂnﬂ EXEFum ~ Bhél a
treat ment maydibe: @m0kl | bck gyt o rd with_the second
enbodi ment descri bed above. in this g%gbng enbg%&ﬁeneév?ﬁ%aggpﬂsﬁﬁy bge

added 20 to tshdjediadn to be tnethed BEESFE! trdaialdolO dehydration
colum, the base being added to the top fré%tionaproéﬁbéﬁﬁf%hthéxke frd

di stillationresiaent deefeor eart Hes d@ritaddimdif . di stillation colum. The
"salts generate e presence o e aci d, or exa e am ne sul fates
Its g ted by the pre: f the 25 f mpl | Tat

or sulfate? .originating ¢¥dnet he weshing i zatilen ofsdihg Hase 2%
renmoved an ed_o I n e distillation bottom produc venper
d and bled_off in the distillat bot t om product 12 No 2004
_ product with water to dissolve the salts, such as '
ammonium- and/or amine sulfates, after separation of the
aqueous phase and the organic phase composed of the
1actamf the latter organic phase preferabiy being
- 10 recycled in the medium fed to the dehydration éolumn or
- recycled in the second column, or alternativély
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

ZQ prior to the evaporation or the crystallization.

According to a characteristic of the
embodiments{ the lactam may be advantageously
. €&-caprolactam bbtained by the c¢yclizing hydrolysis of
| aminocaﬁronitrile either in the wvapor phase or in the
25 liquid phase, with or without solvent.
| The aminonitrile may, for example, be produced

by partial hydrogenatidn of adiponitrile. This reaction is



12 produced in the second distillation colum.' This g%§§£II tiogyﬁg tom
product may advantageously be subjected to a |actamr Y?ﬁb?% t '
Wwhich, in the present case, can be 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 separation of the aqueous phase
and the organi c phase conposed of the lactam the latter organic phase
preferably being 10 recycled in the nediummfed to the dehydration colum or
recycled in the second columm, or alternatively subjected to another

treatnent, such as thin-layer evaporation or crystallization, - or an
evapor ation oﬁlshéosadtan1partﬁedlaﬂtinlﬁatengst@§n4fgé{n§§91fﬁg“ﬂayef
evaporator, - or a crystallization of the lactamfrom wat€r’, an ‘aqueous

| act am sol uti 6A2oB3PacVén? FA&sBI8r eREMENL 35 Caps bengor®inesh i4yy particul ar
the washing. with water can be carried outt 20 prior to the evaporation or
‘the crystallization. Ac€bediemgondaa mharent efh Sthe Q@ngginsm%?gﬂgynsﬁ the
| actam may be advant ageously -s-caprol actam obtai ned by the cy Ilmlﬁfls
hydrol ysi's of "&RFhoeRpr SR e %A hebei n drevedporbphageses11 8+t bg 2
liquid phase, Tgtg.or wi t hout solvent. The' amiponitrile may, for exanple,
be produce Ey % ¥ al hydr ogenation of adiponitrile. This reaction is 12

Novenber 2004 13 . .
_ The reaction medium fed in the rrocess 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

lQ also be purified by the process of the invention.

By way of-nonlimiting indication, the operating
conditions of the varxious columns of the second embodiment
of the plant are given below.

The first dehydration stage may be carriedrout

o at a temperature of between 100°C and 130°C approximately,
at a pressure of between 50 mbar and 200 mbar
approximately.

The dehydrated stage may be fed to a second
distillatipn. column in which the second stage of

20 separation of the productg with high boiling point may be
carried out by production of a distillation bottom
product.

| The operating conditions of this column may be a
column bottom temperature of 1less than 150°C and a

25
pressure of between 5 and 10 mbar.



di sclosed in particular in Patents US 4 601 859-1 US 2 27 2 %@g Q$ § 208
598, DE 4 235 466 and US 5 981 790. The anmonia present?i MOYREOGY %t ng
hydrolysis reaction nediummy be renoved by distillation or 5 f |ashing.
The reaction nediumfed in the process of the invent ion can conprise at

| east 99. 9% by weight of lactam This concentration range is given only by

way of indication. Thus, media conpiifsing | ess |lactam can 10 al so be

purified by the process of the invention. is 20 25 By way of nonlimting

i ndi cation, the operating conditions of the various colums of the second

enbodi mrent of the ant ar iyen below. The first dehydration_stage may
be carried out at gh? Brgng 18P b BROYY6EE SAH f%@@éléﬁpﬂﬁﬁﬁnately,

at a pres f, e e 0.1gbar .and 200 ar approximately. The
dehydrategﬂéﬁagénﬁdé eqygdlgguglgég%n&“ﬁﬁst?l?ﬁﬁﬁﬁﬂf2%#%#%#$n£ﬁﬂﬁgh t he
second stage,ofySeRaraLi on of the products wth high boiling point may be
carried out by production of a distillation bottom product. The operating

condi tions of this eplymMceBY Bgadr Lok UL DO OMALNPRIAL Ur e «afi thiess than
1500C and pressure of betﬂgen Saand 10 nbar. 12 Novenber 20041.14%&S

distillation column, the operating conditions of which may
be a column bottom temperature of less than 150°C and a

pressure of between 5 and 10 mbar.

The lactam, in particular - €-caprolactam,
produced as intermediate fraction may‘exhibit‘a degree of
purity which satisfies the criteria required for polyamide
manufacture, in particular for textile applications.
Preferably, this intermediate fraction may be withdrawn in
the vapor phase from the column in order to obtain a very
low concentration of products with a high boiling point.
However, it may also be posgsible to withdraw this
intermediate fraction in the liguid phase, without
departing from the scope of the invention.

} ‘ The distillation bottom product obtained in the
column bottom may be recycled in the second distillation
column.

in g'preferred embodiment in accordance with
the process for the purification of the lactam, the
distillation bottom product collected in the second column
bottom may be fed to a stage for separation of the 1a¢taﬁ;
for example a thin-film or thin-layer evaporation process

at a



The top fraction thus produced can conprise |ess thanizlﬁﬁvgmgf 004
impurities with a higher boiling point than the |actam IS top ?raction
can be fed to a further distillation colum, the operating conditions of
which may be a column bottom tenperature of |ess than 150C and a pressure
of between 5 and 10 nbar. The lactam in particular C caprol actam

produced as internediate fraction may ¥xhibit a degree of purity which
satisfies the criteria required for polyam de nanufacture, in particular
for textile applications. Preferably, this jnternmediate fraction may be
withdrawn in the vapor phase fromthe colum in order to obtain a very

| ow concentf REFHHE pPEJIGESS wrbana 1905 pandi mgdes me - puewsvee, ¢f nay

al so be passible to w raw this internediate fraction in the liquid
phase, Wt %Weerﬂe%ﬁrf‘#ﬂg] f‘v}g&ﬁ't he scope of the invention. The distillation
bott om product obtained in the colu bottom may be recycled in_the second
distillation col unn]?n I'n aanopt:}é%rerr@d‘l%%rorﬁ(ﬁente' @6‘?&? ance witH % he
‘process forod r i ficati of ct t distil.latign hottom
product co Seclte mdl{ heﬁé&e‘g%[rlld 8%?%1&%@ bo om@rr%y ngﬁsat%”@ a &agae for

soparel, e tanan ohRestad SgtbLel LR I M, 1500
and under mof¥ estttieefarly caprolactam.

It may also be possible to treat this
distillation bottom product with water in order to extract
the salts, more particular the sulfates, originating from
the neutralization of the free bases present in the
hydrolysis medium. The organic phase recovered, comprising
the lactum, may either be recycled in the dehydration
column or the second column, or subjected to a further
stage of separation of the lactam, such as a thin-film or
thin layer of evaporation or a crystallization.

According to an embodiment, a base chosen from
the group consisting of alkali metal hydroxides, alkaline
earth metal hydroxides and metal carbonates, for example
sodium hydroxide, lithium hydroxide, potassium hydroxide,
magnesium hydroxide, calcium hydroxide, sodium carbonate,
magnesium carbonate, lithium carbonate or mixed carbonate,
can be used as basic compound. Preferably, an agueous
sodium hydroxide solution may be 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.



between 5 and 10 nbar. In another preferred enbodi nent #his distil@@ i-on
bott om product may be subjected to a crystallization bfoUSEERHT of to
recover the lactam nore particularly caprolactam It may al so be possible
‘to treat this distillation bottom product with water in order to extract
the salts, nore particular the sulfates, originating from the
neutralization of the free bases present in the hydrolysis nedium The
organi ¢ phase recovered, conprising th 8 actum may either be recycled in
t he dehydration columagr fhéisetedd alobwen, thisuljest eddro dd urddmsa
stage of separation of the lactam such as a thin-filmor thin |ayer of
‘evapor at i on oflighery$weallihiez medinim Asr dreli hyedvednfedbodi whet dehyvhnes ichwsen
from the group consisting of alkali netal hydroxides, alkaline earth

met al hydr.oxi ag§gﬁnd31ﬁett8| @ bbARt ey adtdorexaaphbt izgdifmerhy thexisgeond
Iithiun1hydroxige, po as;%un1hydroxide,_ nagnesiun1hydroxide, cal ci um

hydr oxi de, so8PUH"BaPholife SeRRGnEBPARLESREoRAL £he PLAREM PRibsRatid drs

m xed car bonat.e as.basi c compound. Preferably, an agueous

_ cag ge Hse§ 1
sodi um hydr oxf38 §81 GPFoi"Hh§ HR1HEYRd. The ampunt of base added can vary
within wwde limts. Advantageously, it is between 0.05 and 2 g of base per

‘1 kg of caprolactamor thLachap L3sNoveern,2004,1% 16:45 48d an  acid,
- . preferably sulfuric acid to the medium fed to the
dehydration stage. The amount of acid added may be
determined as a function of the amount of free bases

present in the medium to be treated. This amount of free

10
bases may be determined by potentiometric titration of the
"medium. The amount of acid added can be between 0.5 mol of
: acid”per mole of free bases Qnd one mole of acid per mole
' of free bases, preferably between 0.7 and 0.9 mol of acid
15 per mole of free bases, Thislconcentration range may mnake

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 desc;iption of examples, made with reference
to the appended figures, in which:
- Figure 1 represents a block diagram'of‘a
‘first embodiment of the planf of the invention, and
25 - Figurg 2 represents a block diagram of a
second embodiment of tﬁe plant of the invention.

Example 1:



As indicated above, this base can be added either to t j (o]
treated fed to the dehydration stage or to the top frggtggﬁkﬁg%%] @?3 from

.the second colum of the second enbodi ment of the plant, before it is fed
to the third colum. It may al so be possible to add an acid, preferably
sulfuric acid to the nediumfed to the dehydration stage. The anmount of
acid added may be determ ned as a function of the anount of free bases
present in the mediumto be treated. Thi's anmount of free bases nay be
determ ned. by potentionetric titration of the nedium The anpunt of acid

-added can be between OaSmaeti8f reaGhd;REN e, pf free. bases and one nole
of acid per mole of free bases?epre égnggB%egggeﬁyﬁf?zéﬂ% 0.9 mol of acid

per nol e of hyeeoigses. oThas BRANEERLEALHEPEL ALY e it possible to
obtain neltable salts and a weak cor%osiver act?%ﬁg%?gﬁﬁgynediunl O her

advant ages ahgémdbydirbgenktiha bﬁv&ﬂiﬁ@@iti&hé“%ésb@ﬁ&&@é@?&ﬁ clearly
apparent in the Iight of the detailed description of exanples, made w th

reference t8YPneoappehdedbéfgueedistil i tdh st giiddy IEPraseNts a bl ock
~diagramof. a_ first enmpodi ment of the plant of the invention, and 25 -
" Figure 2.Pepﬁ@%‘@ﬁf-%-aT]B?o?éﬁS@lfagmmnnaﬂilan Ve ANtk B A8 s Qi d he pl ant of
"the inventio Exanpl e, 1: 12 Novenber 2004 17 A medium resulting fromthe
cycli zing hghﬁﬂl%i of CRTE¥PRAREQ TN ¢ i The alralinsidry for
- ‘carrying-out these treatments are diécloéed in the
abovementioned patents or patent applications and in
particular in Patent Applications WO 98/05636 and
10 FR 2 786 180. |
| Th;s medium comprises approximately 65% by
weight of caprolactam and exhibits the following purity
characteristics
Permanganate number (Pthq): 35
15 Content of volatile bases (Nys): 1.8 meé/kg
UV number (Ny): 0.5
These characteristics are detérmined
~-according to standardized procedires disclosed in

Standard ISO 8660 for the beérmanganate number (PNyyo, )
_ 4

f

20 Standard'ISO 8661 for the content of volatile bases
{(Nvg) and Standgrd ISO 7059 for the uUv ﬁumber (Bhv);
'With reference to Figurell, this medium is, in
.accordance with the invention, fed via the pipe.l to
the first distillation column 2, after addition, via
. 25 the pipe 3, of 0.6 g of pufe sodium hydroxide, in the

form of a concentrated solution, per kg of caprolactam.



‘hem hydrogenati on of adiponitrile was treated by hydrqg;q@%} QFffﬂﬁh
distillation (stripping) of the 5 ammonia. The resul tT'hg nedi um was
tredted by passing through an ion-exchange resin. The conditions for
“carrying-out these treatnents are disclosed in the abovenentioned patents
or patent applications-and in -particular in Patent Applications WO

98/ 05636 and 10 FR 2 786 180. This'nedi¥g1conprises approxi mately 65% by
wei ght of caprol actam and exhibits the |l owi ng purity characteristics
Per manganat e nunber (PNWb4) : 35 15 Content of volatile bases (N$): 1.8

meg/ kg WV nunber (Nuv)y.; 5 _These characteristics are determ ned
according to standardi?gg g?g%%ﬁu e%aﬁi§g$8§ﬁﬂmiﬁemﬁﬁﬁﬁﬁ%¥% ¢8503:8580 for

the permangamatg Ay@Eber L END | St andard |1 SO 8661 for the content of
vol atile bases (N'H aﬁg St a‘%ﬁ%ﬁ@%&%ﬁ@ %%‘F'the W nunber (NwW) Wth

reference to Figure 1, 7hBi 8ol iSn 4N nce with the invention
fed via the pipe 1 to the f??st distiI%a%?oﬁﬁﬁggﬁﬁ%(§WW§k%ﬁ'addition, vi a

25 the pipe 3, of 0.6 Ghefdpsf £l B0 s hydE Sxi aldy the m of a

concentrated solution, per kg of caprolactam Egllgol\l&)é\:cen%ecr&%ﬁfel% The

colurm 2 hasan aottom ¢Enpetet WL Nisd aSsan thak Jk;'g,oqqea}p;ﬁlta pressure of 70
I

nmbar. The top fraction 4 is conposed of water. The distillation bottom
product 5 conprises 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.compgunds with a lower boiling point
iO than that of caprolactam,‘is removed. The amount of
caprolactam removed represents 0.5% by weight of the
caprolactam fed in. The distilldtion bottom product 10,
comprising the céprolactam,.is fed to a third column 1i
also operating under reflux 12, 13.
15 The top fraction 14 is composed of
caprolactam of conformable purity.
The ﬁurity characteristics are: .
Permanganate number (PNmm4): 1.5
| Content of wvolatile basés {(Nvr) : 0.28 meé/kg
20 UV number (Ne): 0.025
The distillation bottom product 15, composed
predominantly of caprolaétam and comprising, as
impurities, éompounds with a higher boiling ééint than
that of caprolacfam,'is fed to a sérapéd—film
25 evaporator 16.operating under a pressure of 10 mbar and

a temperature of 150°C.



5. an anount of water of |ess than 0.5% by wei ght. Thi sqdigtiLhationphettom
product 5 is fed to a second-columm 6 operating under ref lux 7,-8. The

..top fraction 9, conposed essentially of caprolactam and of conpounds with
a lower boiling point 10 than that of caprolactam is renoved. The anount

of caprolactamrenoved represents 0.5% by wei ght of the caprolactamfed

in." The distillation bottom product 10,9 conprising the caprolactam is

fed to a third colunm 11 also operating under reflux 12, 13. 15 The top

_ fraction 14 is conposed of caprolactam of conformable purity. 20 The

purity characteristi csTiee eevaferapayangoTubhes (PIQAL g 3 Content of
~volatile bases (NvH): ' 0.28 neq/ kg UV nunber (Nuv) : 0.025 The distillation

bot t om pr odutlte 15ipe ohp ose d-tpr edoinddandlwmnrofi Icapr ol act am and conpri si ng, as
impurities, conpounds with a higher boiling point than that of caprol actam
is fed to -a scraped-fiThe 2Bme\eypmratadred GepRrcats R dndgbvadpkessure of 10
nmbar and a tenperature of 150C. 12 Novenber 2004 19 The evapor at ed
caprol act am e (RIBR I+ via the pipe 17 to the third colum 11. The

non- evapor at ed products are renmoved via the pipe 18. 5 The bal ance by
wei ght of” t he' capr ol aﬁs“fml?aé&nce by welght 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 aécordanée with the inventioh, represented
diagrammatically by Eigﬁre 2, according to a second
15 embodiment of the process for the pufification of
cap:olactam. |
The characteristics of this medium are as
follows: |
Permanganate number JPwa;): 381.
720 Content of volatile bases (Ehg):‘232 meq/kg
UV number (Ngy): 12 |
Furthermore, theréonCentration of free bases,
~ determined by potentiometric titration, is equal to
189 meqg 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,



to the first colum 2 and that produced at the top 14 4 &ﬂ) | um
11 shows that 99.1% of the participating caprolactanlls recovere W a
_high and suitable degree of purity. 10 Exanple 2 An an1nocapron|trlle
hydrol ysis. nmediumafter distillation (stripping) of the ammopnia is treated
in a plant in accordance with the invention, represented diagramuatically
by .Figure 2, according to a second 15 eppodi nent of the process for the
purification of caprolactam The characteristics of this nediumare as
foll ows: Permanganate nunber ;.( PNo9) : 381 . 20 Content of volatile bases

 (NB): 232 neghkghela¥paupber of NovE molZ2oFUsh herppEEacife pongeotration of
~free bases, determned by potentionetric titration, is equal to 189 neq

per kg of medpum of sotqncentraﬁeﬂvkblﬁeiﬁﬁenpéit@bf%gggeﬁégetgg Jredi um
I.s, in accordance with the invention, fed via the pipe 2. to the flrst
,dlstlllatlonPESFﬁﬁﬁ o tbﬁt@edaEM|toohe tPedbu@nber 2004 20 via the pipe
23, of-0.8 nol of sulfurlc acid, in the formof .a concentrated sol ution,
per mole of free basesTh@reawrn 2 thes nedvemton henematat othe col umm 22

has a botgonlt nper at ur e of 5 |l ess than 130C and a pressure of 70 nbar
than 130°C and a pressure of 70 mbar.

‘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 froﬁ éhis
second column 26, composed.essentiallf'of caproiactam
and compoupds with a lower boiling point than that éf

. | | caprolactam, is fed to a third column 31 also operating
15 wunder reflux 32, 33, after addition, via the pipe 39,
to this top fraction of 0.6 g of-pure sodium hydroxide,
in the form of a concentrated SOIﬁtion, per kg of
. caprolactam.
The top fraction 34 from the third colum 31,
20 composed of compounds with a lower boiling point,than
that of caprolactam, is removed;

The-distillation béttom 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 ah intermediate

fraction 40. This withdrawal operation is carried out



The top fraction 24 is conposed of water. The distilla}igh,batdom dpspduct
25 conprises an anount of water of less than 0.5% by weight. This
distillation bottomproduct 25 is fed to 10 a second colum 26 operating
under ref lux 27, 28. The top fraction 29 resulting fromthis second col umm
26, conposed essentially of caprolactam and conpounds with a | ower boiling
poi nt than that of caprolactam is fed g a third colum 31 al so operating

15 under reflux 32, 33, after addition, via the pipe 39

, to this top

fraction of 0-6 g of pure sodium hydroxide, in the formof a concentrated

sol ution, pereiktheof ircaheolaeicdns e aR tHaCHLRR,-3 ak

31, 20 conposed of conpounds with a |ower boiling pbin

omthe third colum
'S}ﬁaﬂhethat of

caprol act am doduymnmoredn The diistiild &bmnigogh@nhﬁﬁeggégrggo' Sth%ec_y;:! eg,
. urifie

in the enbodinent illustrated, in the second colum
caprol act am iC®ig@swn of f fromthis third colum 31 in t
intermediate fraction 40. This w thdrawal operation is

hé
he form of an
carried out 12

Novenber 2004 21 eithefhenchRsagascdasitsrof athéheapoyBicpant - of the

col um or 5i n thg Iiguid formin the upper part of the
char act er i’st PE§YYFeEh8T€aprol actam 5 produced are: Per

(PNfmo): . Permanganate number (PNuno, ) : 2

- Content of volatile bases (Nys): 0

UV number (Ng)}: 0.03

colum. The .
manganat e numnber

.25 meqg/kg

- ‘ According to the process of the invention,

10 the distillation bottom produét 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 cperating

under a pressure of 10 mbar and a temperatufe of 150°cC.

The evaporated caprolactam is recycled, in the

column 26.

embodimen; illustrated, via the pipe :37 in the second

20 _ The non-evaporated products are removed via

the pipe 38.

The balance by weight of the caprolactam fed

tolthe first column 22 and thaﬁ 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

Example 3

purity.



4.2 Content of volatile bases (Nv): 0.25 neq/kg Wnu MMM e L-
According to the process of the invention, 10 the di g}?l éatl one]gozt(?(gé‘m
_product 30 fromthe second colum 26, conposed predom nantly of

caprol actam and conprising, as inpurities, conpounds with a higher boiling
poi nt than that of caprolactamand salts formed by the neutralization-of
~the free bases by the sulfuric 15 acidpyis fed to a scraped-film
evaporator 36 operating under a pressure of 10 nbar and a tenperature of
150C. The evaporated caprolactamis recycled, in the enbodi nment

illustrated, via the pepempiel 2 -tiBerese9RdsC ' 0-dhe non-evapor at ed
products are renoved via the pipe 38‘.'g The b%ﬁﬁ%e&%} %\/:(Lalfgg-%fe%‘fethe

caprol act am frédt tbet Hestil3bhtéohunbrlemapdodhat P§ ogLGed & fprm of
an internediate fraction 40 fromthe third colum 31 25 s lj(l)(\gl/vsé%] Oa C?98. 9% of

the partici p&OLHgnCapr bkastemh by adatoven edf Wrd h@r highs Angh syi-t abl e degr ee
of purity. Example 3 12 Novenber 2004 22 Exanple 2-is repeated, with the
difference OPRatnt Resalstibnacoopr beinonamsnsiiniatdlf ray the second
colum is_treated by _addition of water in order to- obtain a solution
-conpri si na a}gﬁ,‘tgwnaf?eﬁpggi;@gg,arg. wehg hmiofumaproladijpratethagri xture is
subjected to_, stitring, After nmxing, two |iquid phases are formed.
- stirring. “After mixing, two liquid phases are formed.
The'ldwer-phase is an agueous phase which éomprises 60%
_by weight of amine sulfates, corresponding to
approximately 70%_of the amount of amines present in
10 the caprolactém charged to the dehydration columﬁ in
the purification pfocess. The uppef phase, composed
éssentially of caprolactam, is recycled in the first
distillation column.
By this process, 99% of the caprolactam
15 charged in the distillationAcolumn is recovered'with a
high deg;ee of purity, suitable for use of this produdt
in the manufacture of-polyamide, in particulér for
textile applications.
Examplé 4:
20 S Example 2 is repeated, with the difference
that the distillation bottom product 30 from-thé second
column is treated by a processlof crystallization in
_‘one_stage of the caproléctam. |
The distillation bottom prdduct is

25 concentrated under reduced pressure in order to obtain

a concentration by weight of water of approximately 8%.



The | ower phase is an aqueous phase which conprises 60%,; ﬁgvggggptng4anine
sul fates, corresponding to approximtely 70% of the anount of anines
_present in 10 the caprolactamcharged to the dehydration colum in the
purification process. The upper phase, conposed essentially of
caprolactam is recycled in the first distillation colum.' By this
pr.ocess, 99% of the caprolactam 15 charged in the distillation colum is
recovered with a high degree of purity, suitable for use of this product
in the manufacture of polyamde, in particular for textile applications.

Exanpl e 4 20 Exanple 271hs kepeahefs: Wit he; difference that the
distillation bottom product. 30 froﬁ$%ﬁegg%%gﬁgﬁ %%I%ﬁn?i%?wg%ﬁékﬂffby a

process of ceysuakti aali 98 tRenORE-SEQ0EL0F ¢ é%?% i The
distillation bottom product is 25 concen?raté%%%n e#ﬂ%gg%gggmbressure in

order to obtaiegioa ofn2encraitbnabyavei ghtcobl wad &8t ARt el y 8% 12
Novenber 2004 23 The concentrated solution is at a tenperature f 40C and
is then cool @8°Copartbaperature in the region of 20C with a rate of
cool i ng of approxinatelé 10C per hour. 5 The crystals fornmed are recovered
by filtration throughtT es¢tnyetrals gfassed idterrectheraguegus nother |iquors
recovered are, stored for possible . recycling.
. filtration through a sintered glass filter. The aqueous
mqtheﬁ liguors recovered are stored for possible
recycling.
‘The solid cake of caprolactam crystals is
10 "washed with a saturated agueous 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_p;ocess, 99% of the caprolactam
charged in the distillation column is recovered with a
high degree of purity, suitable for use of this produét

Vin the manufacture of poiyamide, in particﬁlar'foi

textile applications.



The solid cake of caprolactamcrystals'is 10 washed mﬁghmgvéﬂ%g£a§§g4
aqueous solution of caprolactam The degree of washing as wet base IS
_.advant ageously between 1 and 5. The recovered caprol actam has a sufficient
purity to be recycled in the distillation process. 15 By this process, 99%
of the caprolactam charged in the distillation colum is recovered with a
hi gh degree of purity, suitable for use of this product in the manufacture

~of pol yam dewol aipapossul ar for textHgazﬂnﬂicationsPC§$FﬂgF95Qg&42004 WO
01/90065 24 PCT/ FROL/ 01644 CLAIMS 1. A process for the purification of

| act ans obtained by the cyclizing hydrolysis of an amnonitrile, ,
consisting inrenoving, fromthe 5 hydrolysis reaction nedium the ammonia
and optionally the solvent, in thenQleéddgering the |actamfromthe
reaction nedium by enpl oying at |least one distillation of said lactamin
the presence of.a. bask-andhiProceswdias il pubyi filies idinstifl | at i on,
optional 'y a,top 10 fraction conprising conpounds which are nore volatile
than the 1 act® Sf?%‘é?%?idéaﬁp#h%i%g{wngaéwﬁmmshs ifghnapurity and a
distiIIatioqaﬁg%%gfgfrgduct conprising | actam and conpounds with a higher
boi ling poih an the” 1 a8t S ddt &g¥dtion  £rem the . 15 process

compr i $ess 2 1554051.9L 4 AR, Yol St ALLon BoLLom product vhioh
the solvent, in then recovéring the lactam from the
réaction medium by employing at leasﬁ oné distillation
- of said lactam in the presence of a base and in.
recovering, by this distillation, optioﬁally a top
10 fraction comprising compounds which are more volatile
than the lactam, a fraction comprising the laétam 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 treatmeﬁt of said
distillation bottom ﬁroduct which consists iﬁ
recovering most of the lactam and in recycling said
recovered lactaﬁ in the process for ﬁhe'purification of
the lactam. - | |
20 _ 2. The procéés as claimed in claim 1,
characterized'in that the ab0vementioned treatmeﬁt of
the distillétion bottom product is a process for thé
~crystallization of ‘the lacﬁam from a soclvent chosen
from the group consisting of water, aqueous 1actéﬁ
25 solutions and lactams;
3. The process as claimed in claim 1,

characterized in that the abovementioned treatment of



recovering nost of the lactamand in recycling said r$ﬁ°ﬁ8€§ﬂb£§¢§§8hi”
the process for the purification of the lactam 20 2. e process as
_claimed in claiml, <characterized in that the abovenentioned treatnent of
the distillation bottom product is a process for the crystallization of
~the lactam from a sol vent chosen fromthe group consisting of water,
aqueous-|l actam 25 solutions and |lactans,. . 3. The process as clained in ,
claiml, characterized in that the abdvenenti oned treatnent of 12 Novenber
2004 25 the distillation bottomproduct is a process for the thin-I|ayer

evapor ati on t 4.. The process .as clained in gne of clains 1 to
3, charact er_%%d&:fsné?%ﬁ%% X trokvoéiﬂ\?rﬁq dd 75 & PSSR TO8mbfitses washi ng
the aboverrenth,onethy & sLidd AL ARDYUL GRPRAJYCL, Wi th vater, the |actam
bei'ng recovered in ¥ e organi ¢ phase. b. € process as clained in one of

“the preceding cl ai ms, 4 charagd 6l etk d lud kAt e QUPLLEeH A 10

distillation of the lactamin an acidic nmedium prior tothe distillation

“in a basic nethiums B.cdlE MIRGRRTAS ARIECHN e abolhs nPi 868 I ng
clainms, characterized in that the anmount of basic conpoungs Ich are

added is betwesntheS aprand skfs W@ HifighasicC spoRaLAdsScper 1 kg of |actam
7. The process as clained in one of the preceding clains, characterized in
that_the basttstillation bottom product with water, the lactam

being recovered in the organic phase. |

5. The process as claimed in one of the
preceding claims, éharacterized in that it comprises a

10 distillation of the lactam in an acidic medium, prior
to the distillation in a basic medium.

6. 'Thé process as claimed in one of the
preceding‘claims, charécterized'in fhat the amount of
basic compoﬁnds which ‘are added is between 0.05 g and

15 2 g of basic'compounds rer 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 procesé'as_claimed*in cléim 5,

20 characterized in that the acidic compound is sulfuric
~acid. |

9.. The process as élaimed in claim 5 or 8,
characterized in that-the amount 6f adidiéicompound
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



_ conpound is chosen from al kali netal hydroxides. 8.  Th S i med
in claim5, 20 characterized in that the acidic conpou%%p$§&§ﬁ$?€r%gbéqcid.
.9. The process as claimed in claim5 or 8, .characterized in that the’
anount of acidic conpound added is between 0.5 and 1 not per nole of free
bases 25 present in the lactamto be purified. 10. A plant for the
inplementation of a process for the pwification of |actans by -
distillation 12 Novenber 2004 26 of sai'd | actam characterized in that it
conprises three distillation colums nmounted in series, the first (2, 22)

bei ng a dehydgatjoR , | ynr 6,.,.26) and the third col um
(11, 31) nakingg??HSQ%%ggﬁbl%ﬂ%%§§§%§€%%% %ﬁqﬁﬁétt%%<%%%ﬁﬂﬁﬁﬁ% whi ch are

| ess vol atil enkhanaibe; i ast aom of Ilﬂ&§%mﬁwlgj§ which.; are Jgpre~volatile,
~the purified | actam bei ng mﬁthdr%mn fromthe fﬁ?ﬁ’ égﬁﬂnﬁﬁ%iifr§f), and in
that a basic(2¢copppunding @d@@ﬂy&ﬁaﬁiﬁhlégjdﬁﬁ,l%ﬁéng%ga%%pggﬁ tQ at 10

| east one of the columms. 11. The plant as clained in claim 0

char act eri zed6i n26 haand hehdash rd argiowed {151 ,addgd r=kirghg tl act am bef or e
.feeding to the dehydration colum (2, 22). 15 12. The plant as clainmed in
claim1l,> chesatbeeizedsepatdtat ¢hchaomiourdspshirels ahe cfokee Vol atile
than the 'l actamare renoved as top fraction (9) fromthe second col um
(6).. less volatile than the lactam or the compounds which
are more"vqlatile, the purified lactam being withdrawn
from the third column (11, 31), and in that a basic
 }'_' - compound is added to the-lactamabefore feeding to at
10 least one of the columns. .
113, ‘The §lant as claimed in claim 10,
characterized in that the basic compouﬁd_is added to
the lactam beforé feeding to the dehydration column (2,
22). | |
15 12. The plant as claimed in claim 11,
characterizedrin that the compounds which are more
- volatile than the lactam are removed as top fraction
{9) from the second column (6). | -
13. The plént as claimed in claim 12,
20 ICharacterized in that the compounds which are less
volatile are separated as distillation bottom product
(17) from the third column kll).
. 14. The planﬁAas claimed in ciaim 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



13. The plant as clained in claim12, 20 characterize

conpounds which are less volatile are separated as dig%iﬁ?%§@%%£gg??%n1

~product , (17) fromthe third colum (11). 14. The plant as clained in claim
12, "characterized in that the distillation bottom product 25 (17) fromthe

third colum (11) is subjected to a treatnment in order to recover the

| act am present and to 12 Novenber 2004 27 recycle this recovered lactamin

the process for the purification of the |actam 15. The plant as cl ai ned

in claim10, characterized in that the conpounds which are nore 5 volatile

than the | ac maved .as: .o mthe.third caqlum (31) and

t he conpoundgé%k?g% %ﬁgg gggés%ggt?%gg%%a%nt%%gl%ﬁ?%ﬁﬁﬁuéPFe fVed as

. distillatiopubetterpradyst cheomthensecond colum -(26) . 10 16. The
plant as claimed in claim15,' characterized in that the distillation

bottom product fromthe. secradyTehtis (2B)ihsa subjecigd 1@ a treatment in
“order to recover the lactam present and to recycle this recovered |actam
in the | act achpnatctecatednidStpa OCESS. coddourdd® W A% Glgdred in claim
15 or 16, characterized in that the basic conpound is added to the | actam
bef ore it 5i svbddtidbet hbadetlyer B¢ iomm cat einter{@BA a0 ckB.£rEre iRlant as

claimed in either of clains
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

IR (26) .

10 16. The plant as claimed in claim 15{
éharacterized‘in that the distillation bottom product
from the sécond coluﬁn {26) is subjected to a treéfment
in order to recover the lactam'present and to reéycle
this recovered lactam in the lactam purification

i5 process.

7. The plant as élaimed in claim 15 or 16,
characterized in thét the basic compound is added to
the lactam béfdre it is fed to the dehydration column
(22} . |

20 - 18. The plaht as claimed in either of claims
15 and 16, characterized.in that an acidic compound is
added to the lactam before it is féd.to the dehydration
stage ahd in-that the basic comboundfis added to the
lactam before it is fed to the third_column.(Bl).

25 18.° The plant as claimed in eitherrof claims

14 and 16, characterized in thét-the treatment of the

distillation bottom products comprising the compounds



15 and 16, characterized. in that an acidic conpound i$, ﬁﬂQSQb%P %@§4
| actam before it is fed to the dehydration stage and in that the basic

. conpound-is added.to the |actambefore it is fed to the third colum (31).
25 19.- The plant as clained in either of clains 14 and 16, characterized
in that-the treatnent of the distillation bottom products conprising the
conpounds 12 Novenber 2004 28 which ar; ess volatile than the | actam
consists in separating the |actam by process chosen fromthe group
consisting of a thin-filmor thin-layer evaporation, acrystallization

and/ or a washy i 0., T | ant  as ¢l ai ned i.n one of clains 10
" to 19, charac g%;\%%gi]hg\?%g‘gmt%%l %rs‘:ﬁ%:é)%gtgbeoaﬁcf%laﬁn CORESENSF Bm al kal i
met al hydr oxi : I i | N0 f clains,10 10 to 20,
'characterize%ggir%%ﬁ?g?ﬁgpéﬁgﬁﬁ?§o %g |cd%%§%§§ﬁ% 3 ﬁﬁ?@ht re added is
bet ween 0. 0558o@0d-@ndh &findast G GAHRAUNGAS, Qﬁt_r.t%iﬁgtl%}ﬁlram am 22. The
ha

plant as claimed in claim 18, characterized int e acidic conmpound is
sulfuric 1hcwgbéhalbRd 2% ryidte:planician eri/®d 4 haght Agr wotncl ains 18
~and 21, characterized in that the amount of acidic ~conpound added is

bet ween 055 waneed. nol per nole of free bases present in the |lactamto be
puri fi ed. . ‘
20. The plant as claimed in one of claims 10

to 19, characterized in that the basic compound is

chosen from alkali metal hydroxides;

S

2;. The plant as claimed in one of claims 10

10 to 20, characﬁerized 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 ﬁlant as claimed in either of claims
18 and 21, characterized in that the amoﬁnt of acidic
compound added.ié-betwegn 0.5 and 1 mol per mole of
free baseé present in the lactam to be purified.

20 24. The plant as claimed in éne.of claims 10
to 23, characterized in that the medium comprising the
lactam to be burified is obtained by treatmen£ through
an ilon-exchange resin of thé aminonitrile hydrolysié
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.



24. The plant as clainmed in one of clainms 10 to 23, chargglerbzedapphat hat
the medium conprising the lactamto be purified is obtained by treatnent
.through an ion-exchange resin of the amnonitrile hydrolysis reaction

" medium after renoval of ammonia. 25. The plant as clained in one of clains
10 to 24, characterized in that the lactamis caprolactam 12 Novenber
2004 29 26. The plant as clained in ongf clains 10 25, characterized in
that the hydrolysis reaction nmediumis 'subjected to a hydrogenation, before
removal of the ammonia. 27. The plant as clainmed in one of clains 10 to

25, characterized in that t@ﬁe@ﬂagéyégscigﬁﬁéa% d;ﬁedi dhgipigsted to a
0] I 28."° e '

hydr ogenati on, after renoval t he ammoni a. plant as clained in

one of claimeolPs, 16hhpaderchasach efhedhd HBto 1 A8 LHweddzisng, hydrol ysis
is carried out in the vapor phase or in the liquid phase. 29. The plant as

cl ained in omeddfimctai s8bibctéd 27,a Chedwsdeidzasch | bditaie thenyal | zi ng
hydrolysis 15 is carried out in the liquid phase, in the presence of a
sol vent . of the ammonia. ,
5 ' 27; The plént as claimed'in one of claims 10
to 25, characterized in that the hydrolysis reaction
medium is subjected to'a hydrqgenation, after removai
.of the ammonia. |
h o - 28. The plant’ as claimed in one of claims 10
10 to 27, chara;terized in that the cyclizing hydrolysis
is carried out in the vapor phése or in the liquid
phése. |
29. The plant as claimed in one of claims 10
to 27, characterized in that the cyclizing hydr&lysis

15 is carried out in the 1iquid phase, in the presence of

a solvent.



