provi ded.. . One of ... the nost wi dely used processes industria

t'hese syntheti

; e3eAA| Fp6TG WD 01/90065 |2 Novenber 2004 PCT/ FRA /01644 METHOD FOR
URI FYI NG LACTAMS The present invention relates to a pr.ocess for
3 i N R i, Ao

pur {1 IR = jore particul arly of Tact ans Gof &Sy

particul arlsysts@ the purification of E-caprolactam obtained by the cyclizing
hydr ol ysis of am nocapronitrile. Several processes for the synthesis of 10

" E-caprolactam a major chemcal internediate used in particular in the

production oo palasoedes arid nore particularly of pOﬁd@?%ﬂeif?§Eg ﬁs?gfg

of a Beckmann rearrangenent of cycl ohexanone oxinme in the 15 presence of

o D oF ot St ot son, ma e Cnomao S e b CEpaacter of
| i i

cyclizjpg., hydrol ysis of aminocapronitrile. This reaction; disclosed in
French 20 patent 2.02Fhs4presgntbénventiied nelatestbe &ifubdeysphase in the
presence of solvents and_ of catalysts or, ~~... as disclosed in Patent US 2

357 484, infPRethgsPrprasicatiqnt AL alantaAms asmene abgsticPabeny & 150 295

also relates_to 'a process 25 for the cyclizing hydrolysis of : :
aninocaprOn??FEFQSingﬁénﬁgsbﬁhégé'icihél%ﬁéﬁéﬁt@lb$la ehtal yst based on
opper and vanadi um . 12 Novenber 2004 2 The E-caprol actam obt ai ned by
copper ag Qﬁlxgnlg i} £o0% < c .

c pr C&sSes has to be purified in order to obtain a chem cal

internediate or a npn@ﬁgriMQéﬁpingPgléées more particularly to

the purification of &-caprolactam obtained by the

SO -~ cyclizing hydrolysis of aminocapronitrile.

Several processes for_the synthesis of
10  8—capro1actam; a major chemical intermediate used in
,particular in Ehe production of’polyamidéé and'more
particularly of polyamide—G)bhave'been providéd. One of
the most wideiy used processes industrially cénsists‘ofb
 a Beckmann rearrangement of cyclohekanone.oxime in the
15 presence of sulfuric acid or of éleum.
" Another process which forms the Subject—
‘matter of numerous studies consists in obtaining |
e:caprolactAm by the cyclizing hydréiyéis?of
aminocaprbnitrilé. This'réaction; disclosed in French
20 lPatént 2,029_540,-can be garried out- in the liqﬁid
phase in the.bresénée of solﬁents and of catalysts or,
| as disclosed i# Patent US 2 357 484, in thé-gas phase.
~with aluminé'as catalyst. | o
| _Pétent EP.150.295 also‘relatesaﬁo a process
25 for the cyclizing hydrolyéis of aminocapronitrile in
. the gas phase in the presence of a cataiyst'based oﬁ

copper and on vanadium.



ible in particular to manufacture polymers 5 ' exhibiting
EﬁZEagteristPcs satisfactory for the manufacture Of'fhpl§€§g§§%§9E§b§ibSUCh
as yarns, fibers, and the |ike. Numerous. purificatio %) os mare ﬁﬁn
provided for the treatnent of the caprol actam obtained 10 by the Bec rr? "
rearrangenent of cycl ohexanone oxime. Processes for the purificati _oln oh
~ caprol actam obt ai ned by the cyclizing hydrol ysi s. of anlnocapronltrkhg have
al so been provided. Thus, Patent US 5 496 941 discl oses a process LC
consi sts in 15 separating the products th low boiling points and the i
products w th high boiling p0|t nt sI fro[)n tQ?SP%IF{g.![%/z:]SO¥ E?ﬁgl ggp;rgfl:ag{nam IS
separation i s obtaineg,in parti r by . I . |
Thg capr ol act am t hus ?880%&%%?‘?%‘ l'[ﬂﬁh‘e%l?%%tr?f? ';lli;y girlrﬁﬁﬁto aﬂédim_stei??fpét}gﬁni )
~either -to apt tyLhr i on-exchange _ ¢ _
‘the pr esencggg?éé% ulrl%g ggig%?é%ﬁ?%‘(ﬁﬁaﬁly?r‘ ga“?ﬂ%‘???%ﬁgg in E/ihged
bresence of cRchaser s GbeheAll LS| GA1A ARoRERCESHERDAVG, been, 25 pr ovi ded.
Thus, Patent WO 98/ 05636 provides a process for Titation by
i qui d/ | i qubdsexblacthopassidglar 12 W&E@&ét@éﬂqo}%&% vent with an

acidic nature or. by a treatment through resins. ese processes) a
final diStiéxatbbning chersapsol Selcn 45 SenNaf@ldy fRYo\ued in ordgr to 5
-obtain a product which satisfies the criteria of "purity required, in ] :
particul ar fianufastuse @f fionsid iprddie-t@nuae We Rf-Rol yani des, suc ?s
pol yam de-6. However,, this final distillation resulfs in‘a l high loss o
caprol act anfik@ieh ard vidry Harerful -to the . 10 general econonics of the
process. Thus, in the case of the purification of a - ‘caprol act am obt ai ned
by the Beckmann rear rEHREAHR Rttracf{ﬁqartld?ameelss& ¥Ye0 B epr ovi des a

e . ) : Y
process for_purifying the caprolactam which conprises a stage of -.
2 traction ‘éli%ﬂivtg‘?ﬁ "g}ﬁj tfatend afi 1the icopriodagtam obtained ‘

10 by the Beckmann rearrangement of cyclohexanone oxime.
Processes fof the'purification of the
‘ daprolactam'obtained by the ?ycliiing hydrolysis.of
aminocapronitrile:hgve also‘been provided. Thus, Patent.
USs 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
.‘f“ - ”particular by distillatibn of the caprolactam.
The cabrolactam'ﬁhus recéveted'is subjected
20 to a hyarogenétion, theﬁ either to q.treatment'through
ion~exchaﬁge:resinsvor to a distillatibn in the
presence of Sulfuric acid, and, finally,'to a
'..distillation in the presence of é‘baée.:
| 'Othér purification proceéses'have been
25 providéd; Thus, Patent WO 98/05636 provides,é process

for the purification by liquid/liquid extraction using



basic medium The distillation residue is treated to recover as nuch as
possi bl e of the caprolactam This treatnment consists of further
distillations and a ~*" v: : s - treatnent with a stroiﬁ Nevgmper 204
.caprolactamthus -- 20, distilled before it is recycled in the extraction
stage. This process nekes it possible to inprove the ,- degree of recovery
of - the caprolactam but requires the use of an acid for the treatnent before
recycling. This recycling process is cqpplex and requires a significant 25
.investnent in order to carry out the acid treatnent. Furthernore, this
process cannot be transposed to the treatnent of a caprol actam synt hesi zed
- by a novel 4 2004 _4. . Ct.l which can_generate entirely _
“different i npllf'r%’ilyi% \‘é"g%&:ﬁi rg?’nséﬁg% hégpﬂai 4 ?gnanggagglggy . One of .the
aims of thetpiosght reRYgAtion is to overcone these disadvantages by '
- providing a process -- 5 and a plant for the purification of a lactam
resulting - fromthe gyckthekBgphYdeakXsi S50¢8; ] {41 Lch - make
it possible to obtain a'high_dggree of§re%o€é§€lg§l€g£%%%$% nﬂ?gh‘purity.
To this endthencappetacoamt he bemeprsldy prevides L9 G-@Lpcess for the
purification of |actans, obtained by the cyclizing hydrolysis of an
“am noni t Pi | ebEamsI 8t bngduatrelbehngatisfi édetiy dF ol &k Sa r&AGHL O yredi um the
-ammonia - and optionally the solvent, in then recovering the l'actamfrom
‘the reacti oRefBarafh bynepprbytniant forabts onse s dicididmatipnigd the said
. lactamin the presence of a base - and in recovering, by this distillation,
optional |y ﬁa?gﬁa?F%E?i%ﬁ ROWMPE49Y, compoaripathicoiider-66 nore vol atile than
"~ . the lactam. a fraction coqyrisin the lactamwith high purity and a

distillation bottom PrOREEr cobbts sFirpt ks Llag.ommessdmsotimds wi th a
-hiygher boi I ppi than_the lactam ..- - characterized in that the
pr')'ocess corriﬁ];'1 segé)%ésgg%a%’fg}?cg%‘?%ﬁfh“&h sl yedivstiaudiloto Kdte om product:
which Y19 Yq&0884h PlScd bl ECOVEF i )st _of the lactamand in recycling said
recover ed I%ctan1?n ? é?%ﬁ%%é%é §%ﬁr§%ﬁ§?ﬁﬁ1fication 25 of the lactam 12

_ Novenber 2004 S-Thus,Tﬁﬁgacﬁﬁngﬂéng%%négngﬁgqéggg %%t%%P;% i due recovered

.in the stage of purification by dist i on amna § conpri se

l'actam thecapgulddtiae dmaidihPMOIAE B Wmk nef r%akﬁng@éﬁleﬂft' reaction
~by-products. An enbodi nent nmay provide recycling the séeparated |actamfrom
‘the distil |=tacnidot tRehegrodietd i1301amy 35 Hageidkst BepPYEkbscabion process or.
in the nedium obtained after the cyclizing hydrolysis: . .
C - 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 asﬂpossible of the caprolactam. This
S .- treatment comnsists of further diStiliations and a
treatment with a strong acid of the caprolactam thus
20 distilled before it is recycled in the extraction
Stage.-Ihis‘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
' recycléng process is complex and requires a significant
25 investment in order to carry out the acid treatment.

Furthermore, this process cannot be tranSbosed to the

. treatment oﬁ a caprolactam synthesized by. a novel



According to another enbodinent, this treatnent of the distillation bottom
product may consist either of a recovery o.f the |actam by, for_ exanple,
thin-1ayer evaporation of the |actam present in the dis@?lNQWEWPQQﬁ%QQﬂ
product ,and in recycling said separated |actamin any stage of the
purification process or in the nmedium obtained after the cyclizing

hydrol ysis. According to a further enbodinent, this treatnent of the
distillation bottom product may consist either of a recovery of the |actam
by, for exanple, thin :y |layer evaporatioh of the lactamor crystallization
of the latter or of a separation of .the lactamfromthe other inpurities,
for exanple by extraction of nost of the inpurities' with water. The
crystallizati%ﬁaﬁFlPﬁe FRéChncean geaeratel edtigel yae Fdidig e t 0 .
conventional crystallization processes with, as solvent, either water or an
aqueous - 12 BhbEFE5 05298 18dNdt ReHed apurafédanibh pacicaBsas t he | act am
itself. It is advantage§usI¥'caﬁried out in a single stage. However, if
necessary, two of nore cP§sPhl FPSafiBs efagbs pamshboteripheyed.ors iA
crystallizati apd the.conditions for its inplenentation are .

di scl osed, fq?gegg%%$§§eiﬁgﬁﬁ?eﬂf§a FRR43968 8P naresidisgladeocEses | act am

t hus obt ai gied;hay. ALY d.in the. device for distillation in a basic
medi um either by TO- Igt?rfé:(%:f ‘f%%d?‘hﬁlgbc?ﬁ’eoﬂi%gi?lh@?%ﬁmcﬁeanﬁténga

predet er m neded @y &dhercy1 £EELL 15 he stream of . reaction nmedium
entering said col um, oljrqyat an%t%g&s\%% e %# ThApressri be vhach
purification nekk riac paysi e the dctam.on,euen. in the nedi umresul ting
fromthe 15 cyclizing hydrolysis. Accordi nrbl th JGoTSRH R neRToveRy of

di stillation lzatteomgf odusi gmyidie treated in a thin-filmor thin-layer
<,y 1 evaporation process. The vaporized | actam my be recycled in the
di'stillation device und@p ebidi tend)S a5 Mdpded Q204 hose af the embodi ment
enpl oying the crystallization. The evaporagft%con ojf2 %IIEI% ggFﬁﬁ%ﬁﬁypdfé)Vldes

obt ai ned h@aPrAgess fowergher autrief iketnsRen &@%%&50&}%2?@ a,pressure
of less than 10 pbar. Further, an 'enbodi ment may provide that ?He 5 -he

“distillation $¥F{éfipeodbedredrshe tofatad vahinyaierita dEé?QE%%i%.e -
inmpurities, in particular the salts, the ~lactamrecovered after Sseparatton
by settling TE2°XbVEnbérordde et vebouskycbbng mektENe) Schd Nakhy nia
~process for té@dpgr%f_i ca#ion geut he iactam by distillation in an acidic
medi um and then i AP &' BRRT LY nddtuROlVEsy .privetkes ferovke iteatment a8t oihe

- . distillatg bogg om product nma ke it possible to 5 recover at |east
900 by wei ght a%lvaén %ge%ﬁ%?gl‘é’? I’éﬁg?%‘m%%’ ofmpReyiag amtpr ekemdt i Nohhe

sai d botiem QAuCtr oS, | 98S of._Lactam.in the purification process may
thus be restricted to | ess(gztéhgﬁe3§a @ &é’lcéﬁf“ df tHee paresengat iofy 4 doaam

10 The procesmdachordbb8vbPiRBe § P . t hus make it possible to
restrict the |osses of Iactémgfo gb\(}l'glrlgelq%lﬁ q:]cﬂﬂ'i ngPERENBEAYT i attdpn

by basic di stfiddcatiionn.cohiifsias 1P SEmpBn J@veL LN Y, 2. very slight effect on
" the econonics of the process éﬁl in part‘#‘%u alr(gh afe'Rote’ volatile than

- ' __'the lactam, a fraction comprising the lactam with high

e

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.



15 the quality of the lactamrecovered is of a very high level. According

to anot her enbodi nent, the nmedium nmay conprise the |act to he r red
whi ch. can be the ', ~ reaction nmediumfor the cyclizi ﬁlgfkrlﬂﬁﬁ%%/eﬁ ?‘g‘}/‘fzo

.=~i'nonitrile after evaporation of the ammonia. Said .. reaction medi um coul d
be "subj ected to a hydrogenati on beforg the evaQorati on of the ammonia. This
reaction nedium participating in the basic distillation, my have been
subj ected to several 25 prelimnary treatnments after evaporation of the
ammoni a. 12 Novenber 2004 8 In a further enbodi ment, the hydrolysis
reacti on medi um nmayhive .t rtdet atfi gtol ¥lentpiven t hetpowndpeosiuglyi cir aresidue
respectively less volatile and nore volatile than the lactam_This :

t r eat mentreciveriagsedni rttmat evegdes 9f4gsunificatiensiky s did ehdabsrian ng t he
amoni a, the water and the other volatile products and in then distilling
the | act R nARtly yBRY eIy e nddichatr ekbed BYPRRLtEES| Peing
distillation nmay thys _be the |.actamjecovered b istillation. 10 . In
anot her &?Bm%f“,awypé’l‘{]isc?‘&% Pk LAt 9&‘9@“9’57 BF{Srs is carried
out in the vapor pmse,en%g itehn amopni a may be_extracted_fromthe reaction
medi um whi ch may or may Kot-Have bk sufeeYEdeto BET%ChiBFogehBEi on
prior t % t ATPRL 2 35 I : r red by.distillation
or a amo’r%%%?ﬁ{é?g% ?égg%{nortﬁnedi umé cgr%—g%gls%(é%lgcgﬁ eggg }é&é‘ bt (%/l%ﬁtogéﬂati on or
an oxi di ghn0 sl NBAt +hkoroeXAPPL S ion) being: fe .hasic
distillat i%n. 20 I'n anot herplgﬁ(rr‘nodi£rrt\ré:h(€1:1 he cic)grsgscegg 1£‘3101fr1 %hﬂeeop%lgla%ﬁ@ati on of

the | acteivt&bmed caPtes ectie tdRA NG  KPIAYPPs 5. | on- exchange resin in. an
racidic nediumor a . .distillation in the presence of a strong acid, for

exanpl e sul furic aktebrdimp Theaportrss &mboliaentr i filsdf | ePcapdenecovery

;0fy, the | actam can al so conprise, one or nore successive crystallizations of

the | actain théedistcibbhatims botdRohlopeatiect28@4 Tmryisitaléizes f @FNhng t he

medium fed to the basic distillation in accordance with the invention.
recovery of the 1lactam 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.

ACcéfding to a further embodiment, this
treatment of the distillation bottom product may consist
either of a recovery of the lactam by, for example, thin-

.:*'i'f*",_‘z) 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 aqueous



Consequently, the distillation process in accordance to one enbodi nent may
be a stage in a lactam 5 purification process which Caf&ﬁﬁ cogglngg @%th
numer ous ot her known treatnents of |actans used in the W4 osed
. purification processes. According to another enbodi ment, the :;!
purification process can.be enployed in a distillation 10 process
conprising several distillation colums nounted in series in order to carry
out the successive separation of the various products. These plants for the
inplenentation of the 15 purification preocess by distillation in a basic
nmedi um or an acidic nedium and then a basic mediumare also subject-matters
of the present invention. Accordingly, another aspect of the invention
provi des a pbahotion sheurapedneitht legtah arproeeischan 2@skhe . 1+ ,
purification of lactans by distillation of said | actam, characterized in
that it conptfseévantegeaisly| tarrdadcohtmia apeihgdel Brsgei.es, the fi r st
(2,22) being-a dehydration colum, the second colum (6,26) and the third
colum (11, Yeveki nbf i iepessabye twosepamatre 2bysttabetizhhgomaonpounds
which are less volatile than the | actam or the conpounds which are nore
vol atile, thBCPPes Ty PaceBrd eedg withdrawn fromthe third colum (11, 31
) and ig that a basic coqgou d is added-to the |actam before feeding tout
| esst one”of the col urh<SrY ﬁﬁfkb%%ﬁh%? Pppgesy @ﬂdathérgvnézpbdmﬂ?nthmhlch

e suitaple § caryying out the treatnent in a basic nediumo e
In?ét gm to bgp(%)lﬁr]i% ed e ee’g?%%%O%V%oﬁb??§%s%dfi?%¥ %*%It‘l?qugti@n C?I u][mv
to which th v i ] I € i a predeterm ned anount o

e S e By RS U dved' B

base. In this um, Known as tolumm, the water nmy be

removed in the form afhe Jexf i achuoN obtAd S lidy abé 0PebEL O RLOQYEL .
-conprising the lactamand the base, being fed to a second distillation
colum. —  Idb-hoenin Gk tkdiod i 296000 tedd dd 2l QL &OIYM. - Lhe
products which are nore volatile than the lactam may be renmoved in the form
of a topldr atiert sfubditey epalas oli dwictane iey ke ded 40 A third
distillation colum. 5 In this third colum, the lactamnay be distilled
and recover @i eftetenmimeld detviedn orany tatkiit ibistid |td et ekt @B product can
advant ageousl y be treated according to the processes of the enbodinents in
order to red@R&GtyRssMegiumhentaning stHel |caxam r enowvar ethdutemn t he 10
distillation bottom product may be advantageously recycled in the second
distillatiof@Fumt tRechracsss: foxr sbeomyrdfiiswitimm ancheegometrymay al so

conpri se th%%egﬁ iglélation col utms n?ynted in series. The first colum is,

as in the fofs{ths S'FﬁghPF gven.ln the medium resulting from the

. 15 cyclizing hydrolysis.

According to an embodiment, the distillation

bottom product may be treated in a thin-film or thin-layer

S

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



15 -dehydration colum which may nake it possible to renove nost,
preferably all, of the water. In the second colum, the | east volatile
conpounds, and in particular less volatile than the 2044 &\Eﬁ‘éﬁﬂ‘b%yz%%‘l

. Separated and may constitute a distillation bottom product, and the |actam
recovered at the colum top may be fed to Yhe third colum. In this final'
colum, the purified |lactamnmay be collected in. the form advantageously,
of an internmediate 25 fraction by withdrawal, either in the vapor phase or

.in liquid phagg, acfjion, conposed._of.the conpounds which are nore
vol atile than ?L%%%‘g@n%g’ 2%%%1?1 f%gy?ggiian’rnrm‘ih%e PEQESEY afert hehe
distillation C r gf yi.he r.ecyucl.ed.in the second, .

colum. In th@%ﬁ%ﬁ?ﬁ%ﬁt Tojf':rﬁée/hgi gtaﬁrlﬁ%%ti% tgl&ts%é%lg Podutt APor¢Haic

second col umndekyure dedt GEERUSH Ya bBaLi 8288y order to recover the |actam
The l.actam thus - recovered nmay advantageously be recycled in the second

colum. Preferably, timedasi preigaadad be de v e di to
be treated before it is fed togt he first denm}l];/drg'?l%ond%%%%t?&%'aevgr%, g‘%?her
enbodi-nent nmElistel Btatian a poocess phbabctConsiSt maika t rigat |d&%§t1tiﬁ%ed&§m
conprising the lactamto be purified by distillation in an acidic 15 nedium-
and nor e’ par tieagwgy yakn leddtur PO%adiyd wedghm, faivaywedrdduddiystht! atd.qoein
a basic nedium_ Such a treatnment may be enployed in a plant in accordance
with the. second efodientageanr Pbedenboin. the shis betwoh @redicENtyh he
acid may be %ded - ~.20 to the mediumto be treated before it is fed to
the v , dehydPf5%h-2bl bRk tamdmathe ppund figasdono predssyp mapcthop be
‘produced in the second distillation col umm Whbefore it is fed to the third
di stillation E5HhT ofhetQat €8S gbheracddd By wekohk eeéntbeobantid cadPadrirdy
_f:?r; exanpl e i@c’&b%n?m fates or sulfates originating fromthe neutralization
of 'the base may be ', renoved and bled off in the distillation bottom product

12 Nove r 2004 12 . in.t econd distillatjon.colum.- This
di still ar?(? on bottom pr ?g%gwrm%yé%dv%ﬁ?iﬁ ous| °b8n§u81“beaé{!}e{15 Raya chats
recovery treghmrentiwhibehs iyl d heoPr, : S C e _advantageously be: 5
. - either a washing (k'))f the di stil Irg%?ginlccbtgt?%% Ei;&g%&& Q\ft ﬁla%gf"ﬁ‘r '%/% a
di ssoJ ve t hevealt s, 16wch p@v@];nmlajdwd/ eheam $H a r . '
separation of the aqueous phase and the organic pﬂas%é%%ﬁ%%seg)&gf PRgic
| actam the flastéllatdani.c phase Mr&friablyybahsge 1Qmgeys! %Ilyn g@ggp&di um
fed to the dehydration colum or

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

B

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 subjéctedfto several
25 preliminary treatments after evaporation of the

ammonaia.



recycled in the second colum, or alternatively . . subjected to anot her
treatnment, such as thin-layer w evaporation or crystallization, -
evapor.ation of the lactamcarried out - 15 in a thin-fi? M%’re“thﬁrnﬂ%ﬂer
_evaporator, - or a crystallization of the |actamfromwater, an aqueous
| actam sol ution or lactam ,.: ~ These treatnents can be conbi ned, in'
particul ar the washing with water can be carried out 20 prior to the
evaporation or the crystallization. According to a characteristic of the

enbodi nents., the | actam may be advantageogsly . .E-caprol actam obtai ned by
the cyclizing hydrolysis of ,, am nocapronitrile either in the vapor phase
~or.in the 25 liquid phase, vm'th or vm'thout solvent. The aminonitrile my;
for exanple, be produced by rti.al ro enatl on of adiponitrile. This
reaction is 12 Noverrbg'in rfé“?:ﬁs It paite cﬁY‘é’l’o}r}ﬁS%t%ﬂ%‘@tUSM

601 859; US 2 23S 4 d U 5981 79 Th
am#on:sa p?eserﬁrf?%?lm‘f xg‘&‘%yc e?z%%% %ggr&oysfgm?‘é%ct Sﬁnﬂ’é hl}é: e?rﬁged
by distillati % c‘%lfvl ?; ggsﬁeas?iggfgéorh@dl ef eq/ol E] ﬁﬁcesstﬁf

- the invention ca conpri by wei

concentrat i on 162G, | Srtﬁé/eer@arwex?&' V\@i’seioé@@' gAt EQEenIhkﬁ% 6;‘ 941,

conpri si ng less lactamcan 10 al so be purified by the process of

invention. Bycsegi®fesnonhi naddpgda-dtidicc aEh8N antbhi®Per fhkbNGuLdi tah@instﬁ
the various col ums of the second enmbodi nent of the plant are given b

The first dehytiher onlsitdge mpdueteardan@droUhad d@ils tti 1Emer alidl Badfam.
bet ween 100C and 130C approxi mately, at a pressure of between 50 nbar and
200 nbar appr Sliemataidrolitsd sdemedrcitieoh stegtiumy thedtestl t dya sew®ndasic
distillation colum in which the second stage of 20 separation of the
.product s wit hdisgH 18aitiiong point tmasbe karrithe outadiyapr odecoveredf aby
'~dr)st| | I ation thtqm prqoduct.. The operating conditions of this colum may
be a colg Pature of |ess than 150C and a 25 pressure of
bet ween and | O~ rrbar :

In another embodiment, in particular‘ when the
‘cyclizing hydrolysis is carried out in the vapor phase,

only the ammonia may be extracted from the reactlon
medlum, 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
}*3 . hydrogenation or an oxidizing tfeatmeat,'for example,

before being fed to the basic distiliation.

‘20 A In anothér'embodiment; the process for the
pufification of the lactam can comprise a treatment-
'Qhrough an ion-exchange resin in an acidic medium or a
_distiilation in the presence of a strong acid, for

' example sulfuric acid.

25 The process for the purificatibn and recovery

of the lactam can also comprise one or more successive

- C€rystallizations of the lactam, the lactam thus



)

12 Novenber 2004 14 The top fraction thus produced can conprise | ess than
100 ppmof inpurities with a higher boiling point than _the lactam This top

fraction can be fed to a .further distillation col uml? Nevepbeat 2A§4

condi tions of which may be a colum bottom tenperature of |ess than 150C

“and a pressure of between 5 and 10 nbar. The lactam in particular ~

s-caprol actam produced as internediate fraction nmay exhibit 'a degree of

“purity which satisfies the criteria required for polyam de nanufacture, in

particular for textile applications. . F9referably, this internedi ate
fraction may be withdrawn in the vapor phase fromthe colum in order to

obtain a very_lo ncenjratiqon of products with a high boiling point.
However, it r%’?’s\g‘[la;@’tfee%o%ﬁ%"@ theeRdrawier; $oi sher badiiate fraction in

the liquid p . wi thout .. departing fromthe scope of the invention. The
distillati onr}gio%lolvr;aptrl@dlué’[n %Fgfﬁlg&%lenwtlﬁ ths| dRYeBELEBM may be recycl ed
.in the second distill a#’)ﬁ)n col . In tg_f‘spref rred enbodi ment in accordance
with the 'process for the putitica{ion t héysitldAtiome dPseceEsst i odn

bott om producj dei: n,the a’g nd colum hottomnmay be fed to a stage
for .separat i oncggéﬁgé§ag?ai%ﬁl,e for ‘Sé‘%a“q % BYhiBE 9 ﬁﬁ)‘éet Hith- ayeFtam
evaporati & ghecescaticdh pid enkpara,2004 15 ., tenperature of | ess than
150C and undFet? a presslure of B%%\eg%gghan%aﬁ?Ogﬁbaﬁqnalr?eéﬁo‘f’hé? PrEfFEPrEd
enbodi ment |, dtheér dikSlownl at & bt Mo ogélg{:?llggy ubj eghed .
crystallization process in order to recover the Ié%%ad?n ﬂrlm(r:%l%pa%lﬁ!l"%ﬁp&ﬁ y-
caprol actam disclysed Soubef ieasSidl erdrddRad, this distillation bottom
product with water in order to extract the salts, nore particular the

sul fates, originating facrotdimgneut riad i zatanocloér t he &mB63PR&ES, Presefk i-n

the hydrolysis medium The organi c phase recovered, conprising the lactum
‘mRy- ei t her b@Wedigatiqm phecdssydrean obecotmpiowsdt hr secandt D1 #8DonoOr

subj ect e?'hoto a further stage of separation of the lactam such as a

t hi n-fil mor RYAGFIShymRH L \Vish @M diisthlatbon | colwoms mMowored ngnt o
an enbodi nent, a basg chogen fromthe group consisting of alkali metal

hydr oxi des, ,aﬁ%&%é‘éa‘?’fa@ﬁe?% CRY Y o #M e S hen P urgeds g beeparatidwrof
exanpl e sodi eh)(gr oixc; de, | igthi um hydr oxi de, potassi um hydroxi de, magnesi um
hydroxi de, cal ¢i um hyaro® P8 E8di um car bonat e) magnesi um car bonat e,

| i-t hi um carbonate or nixed carbonate, can be used as - basi ¢ conpound.
Preferably, an aqueous sodi um hydroxi de solution may be used. The anount of
base added can vary wthdge Widedd dvantag it.s, between 0.05
and 2 g of base per 1 kg ofvpcaprosi ;E(ﬁr:lr%h%r \ifh %%%%gldgl#bhoﬁog}éﬁber 2004 16

" As i ndi ch% edpabifiacathis heseeabbaiatdedaeibiekat g ngiaﬁﬂéﬁmx}.o be
u

treated fed to the dehydration stage or to the top fraction resulting from
t he second cof iam afidie restiond aadb atieneat bakitheeglafnt arbeipsg it is fed
to the third colum. 5 It may al so be possible to add an acid, preferably
sul furic aciRIPErevakiimmdfedheo prksedehydrvantaonst age. The anount of
acid added may be deternined as a function of the amount of free bases
e 4 Accordingly, another aspect of the invention

provides a plant for the ivmplementatilon of a process for

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



10 present in the nediumto be treated. This anmobunt of free bases may be
determ ned by potentionetric titration of the medium .The anount qf. acid
added can be between 0.5 nol of acid. per nole of fre&Ebggﬁfmgﬁﬁ'gﬁgﬁhole
.of acid per nole ' of free bases, preferably between 0.7 and 0.9 nol of
aci‘d 15 per nole of free bases. This,_concentration range may nake it
possible to obtain neltable salts and®® weak corrosive action of the

medium O her advantages and details of the invention 20 will becone nore
clearly apparent in the light of the , . . detailed description of

exanpl es, nade wt qgﬁg enaded fi qur in.which: . -
Figure d represent grge‘;bf%lc di%@?éa({nﬁ% a ;}'?rr?lscfﬁ e%?%e%‘tu%gbiﬁefﬁﬁnt of

t he i nvenRt4 8R;i “hd G i agr 0 cond
ebod ot o T oo e e € i S8 ol e e 581 DA 1 aBE 360004 17
A nmedi umdeesubbi ngodrommddie cyski zi  hygag! Ysésm9fi sl anj nogaprenitrile
obt ai ned by hem hydrogenati on of adiponitrile was treated .by hydrogenation
bef or e diditstlllata oo sdaliymi ngd) whichethd aEe®AmA.tolNRe nestd £i&g. 18edi um
vas treated by passing through an ion-exchange resin. The conditions for
carryi ng fmft wheseat peatieteirniacd dinsalmosedf | bakhe ahovanint cebednpat ent s
or patent applications-and in particular in Patent Applications WO 98/:05636
and 10 FRopwrgas gohe Tdebydrat Lom coapringes thgpmatieramslyy 165%$rémowedght  of
caprol actam and exhi bits the follow ng. purity characteristics Pernmanganate
nunber ( ¥PNnfBg )form of 12 bapedirasitiosl.at the iHséd 1lmtionl: Bonkahkg UV
nunber (N%%%Q .. 0. 5.  These characteristics are determned . _ . .
accor di @G an FRZS NG R dlresani aedosbg base, Hiedmearfrd SBP8660 for
t he per man anatgls an& %PN~04), ~20. ~ Standard. 1SO 8661 for the content
-of, vol at i1 &9548 r%jlmi 18P, S@APE™-SO 7059 for the Wnumber (.NW. Wth
réference to. Figure .1., thi s' mediumi s , in accordance with the
invention, fed via the pipe.l to wthe first distillation colum 2, after
addition, via - 25. the pipe 3; of 0.6 g of pure sodium hydroxide, in the .
formof a concentrated solution, per kg of caprol actam



12 Novenber 2004 18 .... The columm 2 has a bottomtenperature of |ess than

130C and a pressure of 70 nbar. The top fraction 4 is osed, of r.
‘The distillation bottom product 5 conprises 5 ,an annuﬁ?n@ Vﬁﬁ?@f %$6§ess

.than 0.5~ by weight. This distillation bottomproduct 5is fed to a
second-colum 6 operating under reflux 7, g. The top fraction 9, conposed
essentially of capro.lac.tam-and of conpounds with a ,lower boiling point
10 than that of caprolactam is renoved. The anount of caprol actam renoved
represents 0.5% by weight of the capralgactamfed in. The distillation bottom
product 10, conprising the caprolactam is fed to a-third colum 11 _. also
operating under reflux 12, 13. 15 The top fraction 14 is conposed of
caprol act am of conf orFabFRIHuUFREGNA TRES Bt 1ayienasatueni sthes poogtucts

Per manganat nﬁﬂger { PN~, 04 9 1~g _,Content, of volatile bases (N-): 0.28
meq/ kg 20 WPhuhp@fe(Rere, yolagides thape thestliaqtan granope orepevedctini 5,

conposed . r i hant |y of _caprol act a nd conprising, as . inpurities,.
conpounds wf?% ggﬁﬁb grgb%??i%6a€%+ﬁ? T nghetﬁﬁggﬁ?tﬁ plBfkemamaYi P ed to

a scraped-fj ' A/ r .oper atii ng under a pressure of |0 nbar
e e

and a tenperature o r 4 19 The evaporat ed
caprol agtamis recycl g, vighide phRedl 7 dAdaie thihd clawBamll.may Thee
non- evapor at ed products are renoved via the 'pipe 18. 5 The-bal ance by

wei ght of t hgeaaprd@actan f etbdsvdiml f idst £ol wom 2feadtibal paaducetheat
the .top 14 of the third colum 11 shows that 99.1 of the participating

capr ol act amdiss triekdomeircad vottom prgfvandchn svealiagategrlae bé poeiatedl 0
Exanpl e 2 An ami nocapronitrile hydrolysis. mediumafter .
, according to the processes of the embodiments in order to
fv) 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 volatile

compounds, and _in particuiar less vblatile than the

20 - lactam, may‘be separated and may constitute a‘distillation
‘ bottom product, and the lactam recovered at the coluﬁn tdp

‘may be fed to the third column.

In thig final column, the purified lactam may.be‘

collected in the form,,adyantageously, of ah intermediate

25 fractiqn by vdthdrawél, either in the wvapor phése or in
liquid phase. The topvfraction, éomposed of.the compounds

which are more volatile than



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 enbodi nent of the process ¥bhMNavambmr iXG&ht i on

of I _. caprolactam .. The characteristics of this nediumare as follow .,
’ ~ . Pernanganate nunber ,.( PN~0o4~) : ~ :381.. 20 Content o:f
volatlle bases (NO:'232 neq/kg ..~ . 13V -nunber (N~,) : 12 .
Furthernore, the. concentration of free bases, .determ ned by
- poteritionetric titration, is equal to 3189 neq per kg of medi um or
solution. 25 Wth reference to Figure 2, this nmediumis, in accordance with
the invention, fed via the pipe 2.1 :., to the first distillation colum
22, after addition, 12 Novenber 2004 20 via the pipe 23, of 0.8 nol of
sulfurlc acid, .in the formof a concentrated solution, per nole of.free
bases present tlhr? t RRCHRMi uMaYo Be temevedl Ind cheimdiz? ifdstiohot beftomn
t enper at ure of e s t han %%& nd a pressure of 70 nbar. . The top
fraction 24 i & 8 s@ﬁ oPF F@gly bet Recyrded iat £bs §@ppudlppédmnt 25

conpri ses an anmount of yat er of. less than 0. 5at5¥ wej ght . .
~This distillation botton1progu§t fﬁ§°4§%%g§ ‘to ?H)Q%§&k%ﬁﬂF¥Rﬂtnﬁpﬁmpm
oper ati ng _und ek uX £ 2 p ction 29 re uIt|n fromthis
second colunn%%g conpogé egggnt ??égofé%g | S8 m AN wika a

| ower boi | 1 N0 thebRkal N dRflr ofg - reABLALATHT A0 L Ara tﬁh' d Cogggggtgl

al so operating 15 under reflux 32, ter a

this top fracki fef. fn 0 g, 0 Of &
is top fracteebvere &rohd%hﬁa%@hﬁgwygé )Sf'egt?yciéﬁl qtno = Cste%op% 4

.concentrated solution, per kg of .. caprolactam
fromthe thirdotaimamm 31, ~20 conposed of conpounds with a Iomer boi l'i ng
point.-than that of caprolactam is removed. The distillation bottom

'pwoduct 35 is _., recycPedferablyhe thrbasigint cohbothaads hd- hhge§ecyyd
,Colum 26. . . 25 The purified caprolactamis drawn off from

this.thitd cobhfnmedium tte ber musfated i beforediiat eis fed to the first
dehydration stage.

However, another embodiment may relate to a
process which con51sts 1n treating the medium comprising
the lactam to be purified by distillation in an acidic

15 medium . and more particularly in sulfuric acid medium,
followed by distillation in a basic medium. Such a
treatment may be employed in a plant in accordance with

s : the second embodiment described above.

In this second embodiment the acid may be added '
20 to the medlum to be treated before 1t is fed to the
dehydratlon column, the base being added to the top
fraot;on produced in the secOnd distillation column
before it is fed to.the third distillation column.
The salts generated by the presence of the
25 a01d for example amlne sulfates or sulfates

originating from the neutralization of the base may be

~ removed and bled off in the distillatiom bottom product



..fraction 40.~This w thdrawal operation is carried out " 12 Novenber
2004 21 either in the gaseous format the |ower part of the colum or in
the liquid formin the upper part of the colum. The diFfafiMesest i230%6f the
caprolactam 5 produced axe: Permanganate nunber ( PNM,09 ) : 2. y -
“Content” of volatile bases (N~): 0.25 nmeg/ kg _. Wnunber (Nm): 0.03 .
According to the process of the invention, 10 the distillation bottom
product 30 fromthe second colum 26, conposed. predom nantly of

caprol actam and y conprising, as inpuritiZs., conpounds with a:higher
boiling point than that of caprolactamand salts fornmed by..the
neutralization of the free bases by the sulfuric 15 acid, is fed to,a
-scraped- fi | iPEQEPERGt orile ofes at iseFantter dismiddsurienof &61akAr -anshfs
t enperature ﬁf éS?g. The evaporated caprolactamis recycled, in the
enbodi nent i PHE5EFAREYOyi aPPRECHI pelBYARfALt hema¥conadvantagedusiy 26. be

The. non- evap , roducts are renoved via the pipe 38.. The bal ance by
wei ght of t hgﬁjég%g%g ctam Pegi?%'?‘i“ﬁe hSaosterdo| brRabmennd witiath,pr dductdse i n

the form of i r jate_fractiqn 40 fromthe third colum 31. 25 shows
. that 98.9 ofﬁfﬁég%gr€$%%ba ?ﬁgggaﬁagﬁﬂg?gﬁPP§&YeEﬁvered with a high. and

sui t abl e ‘degree of purity; lLe.3 1 venher 2004 22 ,. Exanple 2
is repeated, with the di%ﬁgpgﬁﬁgngP%gﬁnﬁhg%dygFig&éFFéﬁaEéPFothtQMUct 30
fromthe secprdaGetuii chSywhegat L of ter in order for obtain
a solution conprising appybxi%a?glgxgggqgf ggeSSﬁggﬁhpsﬁfhcéﬁro1actan1 The
m xture i s sahpefiief-hAdZb binffe éﬁ&@étEbX'H@te&“@elég%hg?ﬁng %%ggrg

S y

formed. . ~ The-lower phase is an aqueous phase whi R

wei ght of anhgeesufphase andr eRPOBEEAHIEOphast ABREOXLEBLE! ¥, 709. of the .
agfunt of am nes present in TO the caprol actam charged ?g fh%h%ehydration
‘col'um in thbaguﬁmfith@ibﬂtpencesganiheph@§érp@@ﬁéﬁhbﬁ@ﬁﬂgﬁﬁg . essentially
of caprolactam is recycled in the first distillation colum."'
- 10 recycled in the medium fed to the dehydration column 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 ffom
water, an aqueous lactam solution or lactam.
e - These treatments . can be combined, in

particular the washing with water can be carried out

ZQ' prior to the eﬁaporatidn or the crystallization.

According to a characteristic of the‘
embgdimentsi the lactam méy be advantageously
::e~¢aprolactmn'bbtainéd by the cyclizing hydrolysis of

‘ aminocabronitrile either in the vapdr phase or in the
25 1iquid phase, with or without solvent.

The'aminonitrile may, for example, be produced

- by partial hydrogenatidn of adiponitrile. This reaétion is



By this process, 99% of the caprol actam 15 charged 'in the
distillation~colum is recovered-with a high degree of purity, suitable for
use of this product in the nmanufacture of polyam de, ﬂﬁ.&&“ﬁ@gﬂﬁaQQQ%' -

_teXt'il.e applications . Exanple 4 2~ ~ ~ Exanple 2 is repeated, with
the. di fferen~e that the distillation bottom product 30 from ahe second
colum is treated: ~by a process of crystallizationin . - , one,.stage. of

t he caprolactam The distillation bottom product is 25 concentrated under
reduced pressure in order to obtain a cgicentration by weight of water of
approxi mately 8~. 12 Novenber 2004 23 The concentrated solution is at a
tenperature of 40C and is then cooled to a tenperature in the region of 20C
with a rate ofissgaidewy iof mmulrateiryp&%&gé}go %&rystals f or med
are recovered by . filtration through a sintere glass f PP STRe aqueous
mot her . . | i qudied E&ov éise éﬁéﬁSﬂnwedﬁfqrzggsagglgnheggcglgg ggg sol i d cake
of caprolactanlcrystalzﬂgf 10 'washed with a saturate aque%u ol ution of
. caprol actam The degre awsdn v ~psewehtbage i ageo tween 1
and 5. The recovered capro] actam has a suff|C|é%%!§%¥§Pl Eéy¥€€§¥ﬁé§ in
the di'stil|ati®6f Pr8cedicdiug Bpavhi der orensved9~pyf Qﬂ%tq%ﬁr ql.act am
charged ikl Egg gﬁstlllatlon colum is recovered. mnth a ng of*
purity, SUIta 8 use of this product in the nanufacture of p0|yan1~de,
T in particular . f: orﬁéextlle applications. 12 Novenber 2004 WO O1/ 90065
24 PCT/ FROL/ 01644 CLAI Teac gge%d%‘em tee purthé qatoassofof agians
obtained b z drolysis of an amnonitrile, consisting in
enovi ng, ?r%ﬁgeﬁgféh ¢88 Qmerlge east 99.9% by weight of

B lactam. This concentration range is given only by way
Sy
Y

of indication. Thus, media comprising less lactam can

lQ also be purified by the proceés of the invention.

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

L The first dehydration stage may be carried out
> at a temperature of between 100°C and 130°C approximately,

at a pressure of Dbetween 50 mbar and 200 mbar

‘approximately.

et

The dehydrated stage may be fed to a second

distillatipn - column  in which the second stage of

20 'separation_of the products 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 temperét@re of less than 150°C and a
25 pressure of betweeﬁ 5 and 10 mbar.



5 hydrolysis reaction nedium the amonia and optionally the sol vent,
in.then recovering the lactamfromthe reaction nediuqtgy enpl.oyi ng_at
| east: one distillation of said Tactam.in the presence. fNQ§%hEﬁ¥ 4 n.
.recovering,. by this distillation, optionally a top 10 fraction conprising
. conpounds which are nore volatile than the lactam a fraction conprising
the lactamw th. high purity and a distillation bottom product conpri sing
| act am and conpounds with a higher bol4ing point than the,lactain,
characterized in that the .15 process conprises a stage of treatnent of
said distillation bottom product which consists in recovering nost of the
| actam and in recygﬁ' said recpvered lactamin~the . process for o

I N
the~purification of B¢ {1 | LERGQHon Jehus ProucRd ean GQMBYiffedeRd clai m

|, . ch et haed..i t the abovenentjoned teatnent af, y , the
di still atetir on bgptéo%%% %ctll?%ulél%lr%sce‘é’él?gora tﬂ%gﬁ?’.:~ 1319 i PALPEn of ~t he

Iactanlf@ygﬁieﬂg\ﬁagtéﬁmsen fromthe group consisting of water, agueous
| act am 25 sol utions and Tactams. 3. The process as clained in claim 3,

characterized in thaiid hegPovimiiigned b eaLmept gof 12 Novepper 2004 25
the distillation botton1pf§guct I'S g prggéssggfo?;dthgoth?n;'3§gger

evapor at idis tafl 14w drrGeiime, The FBOBSTPTHIE tBRshd b PNEnPEnchal,™ | to

3, characterized in that the abovenentioned 5 treatnent conprises shi ng
the abovéeenti coddmdi diotta i pempetaOi T 6€Udlesd tEhat 850 obheJ@cLam bei ng
recovered in the organic. phase. 5. The process as clainmed in one of the :!,
pr ecedi n@preissiune ofhdredtesn Zedhridh Whabairt. conprises a 10 distillation of
the lactamin an acidic nedium prior to the distillation in a :

basi c~medi um ._ 6.ThEhe prLGess, aSjg{mIE%ggfbégg}cﬁ,Ebgaﬁggiggtggé~c!ains,

Characterized in that .the amount of basic compounds which”are added is
bet ween PrOSuEesh sl 5i Rt @rméd s Cf MNP Gfapelyhikgroh |@eham Jg- The

process as clainmed in one of the preceding clains, character zed in that
the basi ®ugdmpowidbs seitosem da drhealddltieriRl Aediidediidns pdlyamide  The
process as: clainmed in claim5 20 characterized in that the acidic conpound
i s sul f uPpRu{@cure,~ 4in  partigelar octes asegldileed dgpClcitidnd! 8;
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 possible to withdréw this
intermediate fraction in the liquid phase, without
departing from the scope of the invention.
;lj o The distillation bottom product dbtained in the
;column bottom may be recycled in the second distillation
column.
In a 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 separatidn of the 1aétaﬁi

for example a thin-film or thin-layer evaporation process

at a



.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 inplenmentation of a process, for khd&giamben &G%bn of
lactanms_by. distillation 12 Novenber 2004 26 of said | actam '
characterized in that it conprises three distillation. colums nounted in
series, the first (2, 22) being a dehydration colum, the second colum (6,
26) and the third colum (11, 31) nekigg it 5 possible to separate either

t he conpounds. which are |l ess volatile than the |actam or the conpounds
which . are nore-volatile, the purified | actam being wthdrawm Wfromthe
third colum (11 , 31), and in that a basic?conpound- i~s added -to the
.lactaiiitehpéoaeuteediingléss _@hahl 1%@at ang ajndde gol urdloflhe
plant as clainmed in claim 10, characterized in that the basic conpound is
added t o batweent anabhéf b enbaeedi ng to t he dehydration colum (2, 22) . 15
12. The plant as clained in claim11l, characterized in that the conpounds
which are nore . volatilanoblert hepteteonedr e emhodident top fradtison (9)
fromthe second co[unn,gG). a 13. The plant as clained in.~claim12, . 20
char act erfl#gbii hather t RetEelpol¥@siugti cimay e~bess swbisicatdd e twe separ at ed
as distillation Potton1 roduct (17) fromthe third.colum (11.). 14. The

pl ant ~as EFEFHRY fﬁaEP§§nPf?FeS€hdﬂhc?é@?fed“?nr?HQVthéﬂﬁisﬂapﬁamhon

bottom product_ 25 (17) from.the,  third colum (11) is subjected to a
treatnentB?EeOQ%EF£?%i?€iXﬁﬁﬁpﬁqﬁ§q5ﬂﬂ1nn present and to. 12 November 2004

(Z)f 7t 'herfa?éﬂa(ran this f@coynggfed Lpggar A npgggigigcesgof ortrteg% puulfilscatl on

distillation bottom product with water in order to extract

e

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' e_ither 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
{f) earth metal hydroxides and metal carboﬁates, for example
sodium hydroxide, lithium hydroxide, potéssium hydroxide,
magnesium hydroxide, calcium hydroxide, sodium carbonate,
magnesium carbonate, lithium carbonate or mixed carbonate,
can be used as basic compound. Preferably, an  aqueous
'sodium hydroxide solution may be used. The amount of base
 added can vary within wide limits. Advahtageously, it is
between 0.05 and 2 g of base per 1 kg of caprolactam or

lactamn.



15.. The plant as clainmed in claim 10, characterized in'that the conpounds
which. are nore 'S volatile than the |lactamare renoved as~top fraction
fromthe third colum (31) and the conpounds which are3 Nemmbeyt &2004 t han
the'lactam are renoved as .,distillation bottom product fromthe

“ seecond' colum ~(26) 10 16. The plant as clainmed in claim15, characterized
inthat. the distillation bottom product . fromthe second colum .(26) is
subjected to a treatnent in order to recover the | actampresent and to '
recycle this recovered lactamin the |atéam purification .. ~ 15 process.

, 17. The plant as clai med iihdilcddadls a®ovs, ar ri ip.th t :
basi ¢ conpound is added to the | actam before it%ﬁigs fgggét oéggkheggehégfig?fon
-colum (22) .eithei8 to Thee phadiumasochai medaitedeifd®re®f tkd alBRydratiolP
and 16; characterized.in.that an acidic conpound is added. to tﬁevl actam -
before it isstede oorhd=edebhdr dtownfratapen andsul tihat . fAeémbasicc second
conpoundyi s added to the . lactambefore it .is fed to the third colum ~
(31) . 25 19colpre @fartheasedandrminbqdigientieronithe gilmntd boetods, it is
characterized in that~the treatnment of the distillation bottom products _
conpri si ng t A& &Ppdtisadhird aqdwEmeer 2004 28 which are less volatile than

the lactap consists in separating the | actam by a process chosen fromthe
" group consisting of a in-fiJmgo t hin-| .eyvaporatio .
a~crystaliization and/ I:)[& aJ\ﬁéJshi%sow [}kgﬁsﬁ%%ﬁkm?‘oﬁg% aft™ as2¢tdi ed
in one of clailMEalAphQ 12u1Fa5act eJdized o t t ic d s
‘chosen from i',al kg'l I mga’t al uhy r(;)in d?sél%gl.é#heplg%an?gggﬁtﬁzll aifcrreggp%&on%ﬁgf
claims |0 10gkByd@atbar agkabezed th t Balounte YPURcid Ragida - GRIPOURds
whi . ch. ar e-addeg i s between 5’%5 g and 2 g of basic clorrpounds per 'kggof-
i.;l-';:sct am 22. daeephankdasas! ai mebnictiohai 6F 18he hamapid! | 52d fpebhabathg
aeidic conpound is sulfuric 15 acid. 23. The plant as clained in either of
cl ai ms ]ﬁ%anprébenchdjmclﬂmimedihm tbabet heremmadt THiachfibantorgoupgdeadded
we

. i's bet 0.5 and | ~no1 per nmole of . ,.::0. . . . w. v free bases :
present in thaskacmam e deteurninedd by2 dtentilvmatirdnt @t rd @ioredof nthee of
~clainms 1.0 ,. w.. to 23, characterized in that the nmedium conprising the

| actam t o be™pdipf eFhies amgyngi dd agydt pdgiese san eolgtween 0.4y mol of

i on- exchange resi-n of , the amnonitrile hydrolysis reaction nmedium after
renoval of: afffibfli Rer mole o ree bases "and 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. This concentration range may make
it possible to obtain meltable salts and a weak corrosive

action of the medium.

N -

Other advantages and details of the invention
- 20 will become more clearly apparent in the light of the
detailed descgiption of exampies; made with reference

to the appended figures, in which:

- Figure’; represents a block diagram’of.a

‘first embodiment of the_planﬁ of the invention, and

25 - Figure 2 represents a block diagram of a

second embodiment of the plant of the invention.

.Examplekl:



25 25~:, The plant as clainmed in one of clains 10 to 24, characterized in
that the. lactamis caprolactam 12 November 2004 26.  The plant to 25,

. characterized in mediumis subjected to a of the anmoni-a. NGVQWbeIh%OQQant
29 as clainmed in one of.clains 10 that the hydrolysis reaction :

" hydrogenation, before renoval as clainmed in one of clains 10 to 25,
~characterized in that the hydrol ysis reaction w nediumis subjected to a
hydrogenation, after removal - . of the ampnia. . :;) 28. ~ The plant as
claimed in one of clainms 10 10 to 27,. 1@haracterized in that the cyclizing
hydrolysis is carried.out in the vapor phase or in the liquid phase. . ~ ~
. 29. The plant as clai one of clains 10 .' to 27, characterized in
“that .the cyclizing hy?é‘les#s}l"é“ f@ﬁ“sltéalﬂr ifs@mothe iwyictid Aiirgyi d phase, in the
- presence of 1a,§9f s o AE A A v
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)+ IKVANCE K| | wt mhcAv] cal cal cal o] Cal s %@Caﬂ%ﬁ%cgﬁaﬁa}eg] cal ca) ca) ca
]ca]ca]ca]cahrahghahnAabhcaktﬁah&éaié@iﬁTa+ﬁ&aig RIS XY O - <o
carrylng out these treatments are dlsclosed in the . |
| abovementloned patents or patent appllcatlons and in
ﬁ,i) : _t'.partlcular in Patent Appllcatlons WO 98/05636 and
10 FR 2 786 180.

; ThlS medlum comprlses approx1mately 65% by
welght of caprolactam and exhibits the - follOW1ng purity
characterlstlcs

Permanganate number (Pwa4) 35
15 | ' Content of volatile bases (Kwa) 1;é med/kg
UV number (Nmﬂ; 0.5
These characteristics are determined
»}accordlng to standardlzed procedures dlsclosed in
| Standard ISO 8660 for the permanganate number (Pwa4),
'?Of Standard Is0 8661 for the content of volatlle bases
(Nyg) and Standard IS0 7059 for the UV number (Nyv) .
"With reference to. Flgure 1, thlS medlum is, in
‘"ndaccordance w1th the 1nventlon fed via the pipe 1 to
o the first dlStlllatlon column 2, after addition, via
‘_ 25" the pipe 3, of 0.6 g of pure sodium hydrox1de in the

form of a concentrated solution, per kg of caprolactam.
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‘ 5NI10 caprolactam, is removed. ‘The amount of

caprolactam removed represents 0.5% by weight of the
o caprolactam fed in. ‘The dlstillation bottom product 10,
compris1ng the caprolactam, is fed to a- third column 11

also operating under reflux 12, 13.
15 The top fraction 14 1s composed of
| caprolactam of conformable purity.
The purity characteristics are:
Permanganate number (PNyno,): 1.5
' 'lContent of volatile bases (ng) 0.28 meqg/kg
20 | UV number (Ne): 0.025 |
| | The distillation bottom product 15, composed
o predomlnantly of caprolactam.and compr1s1ng, as
*i impurities, compounds w1th a higher b0111ng p01nt than
" . that of caprolactam, is fed to a scraped f11m

.25 evaporator 16 operating under a pressure of 10 mbar and

a temperature of 150°cC.
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The evaporated caprolactam is recycled v1a
the pipe-17 to the thlrd column 11.
The non-evaporated products arehremoved via
_the‘bipe 18.. |
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
'part1c1pating caprolactam is recovered with a hlgh and.
f_j_ 'f" suitable degree of purity.:
10 | Examgle 2
L | An amlnocapronitrile hydrolys1s medium after
'dlstlllatlon (stripping) of the ammonia is treated in a
plant in accordance w1th the 1nvention, represented
diagrammatically by Eigure 2, according to a second
15 embodiment.of the process for the purification of
.caprolactam. o | |
The characteristics of this medium are as
follows: . |
Permanganate number'APwaﬂf"Bélx
r“ZO'T " Content of volatile bases (BNB):‘232 meq/kg
gv number (Km;)- 12
Furthermore, the concentration of free bases,
>~Q:determ1ned by potentlometric titration is~equal to
f189 meq per kg of medium or solution.
t 25 ' With reference to Figure 2, thie medium is,
in accordarice with the invention, fed via the pipe 21

.to the first dlstillation column 22, after addition,
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via'the pipe 23, of 0.8 mol of sulfuric acid, 1n the
- form of a concencrated solutlon per mole of .free bases
present in the medium to be treated.
The column 22 has a bottom temperature of
-5 less than 130°C and a pressure of 70 mbar.
‘The top fractlon 24 is compoSed of water.
- The dlstlllatlon bottom Pproduct 25 comprlses
-an amount of water of less than 0.5% by weight.
:gfﬁ B .,:" ,: This distillation bottom product 25 is fed to
“ 10 da‘second column 26 operating under reflux 27, 28
The top fraction 29 resultlng from thls
second column 26 composed essentlally of caprolaccam
-and compounds with a lower b0111ng point’ than that of
SR | caprolactam, is fed to a third column 3l also operating
T under reflux 32, 33, after addition, .via the pipe 39,
to this top fractlon of 0.6 g of pure sodium hydrox1de,
. in ‘the form of a concentrated solutlon, per kg of
.: caprolactam
The top fraction 34 from the third column 31,
':20' composed of compounds with a lower boiling p01nt than
'that of caprolactam, is removed ‘
The dlstlllatlon bottom product 35 is
.recycled,.ln the embodiment 1llustrated,'in-the second
“column 26. :
25 ' . The purified'caprolactam isvdrawn off'from
this -third column 31 in the form of an intermediate

_fraction 40. This withdrawal operation is carried out
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‘ 4rSH= - The characteristics of the caprolactam
| 5 produced are:
| Permanganate number (Pwaq)- 2 -
- Content of volatlle bases (an 0.25 meg/kg
UV number (Nuw): 0.03 |

Adcording to the process of the invention

. ‘\,_,/ .

10 the dlstlllatlon bottom product 30 from the second
column 26, composed predomlnantly of caprolactam and
comprlslng, as- 1mpur1t1es, compounds with a hlgher
b01llng point than that of caprolactam and salts formed
by the neutrallzatlon of the free bases by the sulfurlc

15 _ac1d is fed to a scraped-film evaporator 36 Operatlng
under a pressure of 10 mbar and a temperature of 150°C
The evaporated caprolactam is recycled in the
embodlment 1llustrated via the pipe 37 1n -the second
column 26. 4

“Zb o The_non;evaporated'products are removed.ﬁia
‘the pipe 38. | ,
The balance by welght of the caprolactam fed
‘ .]d.to the flrst column 22 and that produced in the form of .
-.ian 1ntermed1ate fractlon 40 from the thlrd column 31
-"vqéS shows that 98.9% of the part1c1pat1ng caprolactam is
| recovered with a hlgh and suitable degree of purity.

- Example 3
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2 |L Example 2-1is repeated with the dlfference

‘that the dlstlllatlon bottom product 30 from the second

column is treated by addition of water in order to-

- obtaln a solutlon comprising approx1mately 80% by

10

15

20

' that the dlstlllatlon bottom product 30 from the second o

welght'of caprolactam. The mixture is subjected to

- stirring. After mixing, two liquid phases are formed.

The'lower-phase_is an aqueous phase which comprises 60%

by weight of amine sulfates, corresponding to

approximately 70% of the amount of amines present in
the caprolactam charged to the dehydratlon column in
the purlflcatlon process The upper phase, composed
esSentially of‘caprolactam, is recycled‘in the;first
distillation coiumnrf |

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 polyamlde, in partlcular for
textlle appllcatlons

Example 4

Example 2 1s repeated w1th the dlfference

column is treated by a process of crystalllzatlon in

ﬂ,.one stage of the caprolactam

25

The dlstlllatlon bottom product is

concentrated under reduced pressure in order to obtaln

a concentratlon by welght of water of approx1mately 8%

10 10
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of 40°C and is then cooled to a temperature in the
‘reglon of 20°C with a rate of coollng of - approx1mate1y
10°C per hour.

5 . The crystals formed are recovered by
filtration through a s1ntered glass filter. The agueous
mother llquors recovered are stored for poss1ble
recycling. -

"The solid cake of caprolactam crystals is

R

10 "washed with a saturated agqueous 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 dlstlllatlon process
“15 By this process 99% of the caprolactam
charged in the distillation column is recovered with a
hlgh degree of purlty, sultable for use of this product
'_.1n the manufacture of polyamlde, in partlcular for

textile- appllcatlons
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. o ' CLAIMS
1. A process for the purification of
lactams obtained by the cycllzlng hydrolysis of an
amlnonltrlle, cons1st1ng in remOV1ng, from the
5 .hydrolys1s reactlon medlum the ammonia and optionally
. the solvent 1n then recoverlng the lactam from the
_reactlon medium by employlng at least one dlstlllatlon
e | - of said lactam in the _Presence of a base and 1n
recoverlng, by this dlstlllatlon, optionally a top
10 fractlon comprising compounds which are more volatile
than the lactam, a fraction comprlslng the lactam w1th
hlgh purity and a dlstlllatlon bottom product '
'comprlslng lactam and compounds with a higher b0111ng
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 1actam and in recycling said
recovered 1actam in the process for the purlflcatlon of
. the lactam. |
20. ' 2..l The process as clalmed in clalm 1
characterlzed in that the abovementloned treatment of
V_‘the dlstlllatlon bottom product 1s a process for the
'h'5crystalllzatlon of ‘the lactam from a solvent chosen
from the group con51st1ng of water aqueous lactam
25 solutions and 1actams

3. The process as claimed 1n claim 1,

characterlzed in that the abovementloned treatment of
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claims 1 to 3, characterlzed in that the abovementioned-

treatment'comprises washing the abovementioned

distillation. bottom product with water, the lactam ,

belng recovered 1n the organic phase

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

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

2 g of ba51c compounds per 1 kg of lactam.

7.. The process as claimed in one of the
preceding clalms,'characterlzed in that the basic
compound is chosen from alka11 metal hydrox1des

: 8.;’ The process as ¢laimed: in clalm 5,

characterlzed in that the ac1d1c compound is sulfurlc

'Tac1d.

9: The process as clalmed in clalm 5 or 8,

”g.characterlzed in that the amount of ac1d1c compound

added is between 0. 5 and 1 mol per mole of free bases
present in the lactam to be purified.

10. " A plant for the implementation.of a

process for the purification of 1actams‘bysdistillation '
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of said lactam, characterized in that it comprises
three distillation ~columns mounted in series, the first
.(2, 22) being a dehydratlon column, the second column
(6, 26) and the third column (11, 31) making it
5 possible to separate either the compounds Wthh are
less volatlle than the lactam or the compounds which
are more- volatlle, the purified lactam belng withdrawn
from the third column (11, 31) and in that a basic
l;) L | compoung-;s added to- the<1actam:hefore feeding"toiat
ld_ least one of the columns.
T11. The plant as clalmed in clalm 10,
'characterlzed 1n that the basic compound 1s added to
the 1actam before feedlng to the dehydration column (2,
22) . | |
15 | 12. The plant as clalmed in claim 11,
characterlzed 1n that the compounds which are more
.volatlle than the lactam are removed as top fractlon
(9) from the second oolumnv(G). |
vlé. <The planttasvclaimed infclaim 12,
20"Characterized'in that the compounds which are less
'uolatile'are'separated as distillation bottom‘product
(17) from the third column (11).
14.- The plant as claimed in clalm 12,
charaCterized in that the dlstlllatlon bottom product
-‘25. (17) from the third column (11) is subjected to a

treatment in order to recover the lactam present and to.
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o - purification of the lactam. '
15. The plant as claimed in claim 10,
'characterlzed in- that the compounds which are more
5 vvolatlle than the lactam are removed as top fractlon_
from the th1rd column (31) and the compounds which are
- less volatile than the lactam are removed as
tdlstillation bottom product from. the second'columnv
N (2.
| 10 , 16. The plant as claimed in clalm 15
| characterlzed in that the dlstlllatlon bottom product
from the second column (26) 1is subjected to a treatment
“in order to recover the»lactam present and to recycle
jthis recovered lactam in the lactam purification
15 process. o
,17; The plant as claimed in claim 15 or 16,
,characterized in that the basic compound is added to
o the lactam before it is fed EO"the‘dehydration column
(22 - |
20 A“'b' -~ 18. .The»plant as claimed‘in either of claims
| l5 and‘16"characterlzed 1n that an aC1d1c compound is
. added to the lactam before it is fed to the dehydratloni
' :.stage and 1n that the ba51c compound is added to the -
.lactam before it is fed to the thlrd column (31)
25 :_ 19.° The plant as claimed in elther of clalms
. 14 and 16, characterlzed in that-the treatment of the

-~ distillation bottom products comprising the compounds
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_f 10%& () epar% ng th lactam by a process chosen from the
group consisting of a thin—film or .thin-layer
evaporation,_a~chstallization and/or a washing with
‘5. water. |
20. The'plant as claimed in one of claims 10
to 19, characterized in that the basic compoundjis
chosen from.alkali metal hydroxides;
Ei) ‘ 3 21. The plant as claimed in one of claims 10
10 to 20, characterized in that the amount of basic
.compounds Wthh are added is between 0.05 gand 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
‘iS acid.
| 23. The plant as claimed in either of claims
18 and'21, charaéterized in that the amount ef acidic
.(ﬁé; ' ' 'compound added 1s between 0.5 and 1° mol per mole of
free bases present in the 1actam to be purlfled
20 'A‘ , 24; The . plant as claimed in one of clalms 10
to 23, characterlzed in that the medium comprlslng the
' lactam to be purlfled is obtalned by treatment through |
‘an ion- exchange res1n of the amlnonltrlle hydroly81s
reaction medlum, after removal of ammonia.

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

to 24,_characterized in that the lactam is caprolactam.
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R “to 25, characterized_in that the hydrolysis reaction
medium is subjected to a.hydrogenation, before removal
of the ammonia.
5 ' 27: The plant ae claimed'in one of claims 10
to 25, characterized ih that the hydrolysis reaction
. medlum is subjected to a hydrogenatlon, after removal
of the ammonia. |
'ng, o SR 28." The plant’ as claimed in one of claims 10
-10 to 27, characterized in that the cyclizing hyﬂrclysis
is carrled out in the vapor phase or in the llquld
' phase
| A 29. The plant as claimed in one'of‘claims 10
.tc 27,‘characterizedvin that the cyclizing hydrolysis
iSI'is carried out in. the liquid phase, in the presence of

"a solvent.



