;e3el Fj 6T 5FB21 April 2003 WO 00/31031 1 PCT/ FR99/ 02823 PROCESS FOR THE
TREATMENT OF LACTAMS AND PROCESS FOR THE PURI FI CATI ON OF A LACTAM The
-present invention relates to a process 5 for the treatnent o1 AEREOE. |t
relates nore particularly to a process which nmakes it possible to nodify

t he chem calwohatopxrgd1 the inpurities present in a mMedWPREEYMYISING

| actans, either in order to convert theminto harm ess 10 conpounds or into
conmpounds whi ch can be extracted in .subsequent purification operations.
Lact ans and | PROCESSC FOR THE JREATMENTOR LACEAMS AND (HROGESPEFGR | on of

pol ycaproam de (PA6), are prepared according to several synthetic
processes. 15 The nost w HE/ PRRIF ICATTON OMAUIAGTAM v enpl oys a Becknmann
rearrangenent reaction of cycl ohexanone oxime wth sul phuric acid or ol eum
foll owed by the neutralization of the nediumw th amonia and then by the
separation and purification of 20 the | actam Another process proposed for
the synthesis of the ITha anessnd sinvention riglnteoutta aywieeesy hydrol ysis
of an am noal kylnitrile, such as 6-am nocapronitrile in the preparation of
25 (err) xapd] &hearhreptimente fft il W be carried out in the presence or
in the absence of a catalyst and in the |iquid or vapour lphase. Thi s
reaction rel eases amorti &elates moxg if?arz"tfg%“lf‘r‘liﬁett t& S YrTTess i s

di scl osed in. nuperoys patents. .Mention . be de), by. of, _exanpl e, of
Patents US Q’héggeﬂ? ,e%éﬁ,%f’, £ arid "I%lfyofg?%@e%hc\g%%%te‘%%e for the
preparation of  .lact, : V.apqur.- el izl / | ysi s of

am nonitril é’g itéleallgr%iﬁ{ps&cﬁ%ostsg%(?sn atlerg{ha.iﬁepﬁ){%at(’lzdgﬁ%%q&o%& 741 and 4\V0
96/22974. The GQMEer it BMARAPI NIl Ghem into harmless

10 compounds or into compounds which can be extracted in
subsequent purification operations.

. Lactams and in particular &-caprolactam, a
monomer in the preparation of polycaproamide (PA6), are
prepared according to several synthetic processes.

15 The most widely used process industrially
employs a Beckmann rearrangement reaction of
cyclohexanone oxime with sulphuric acid or oleum,
followed by the neutralization of the medium with
ammonia and then by the separation and purification of

20 the lactam.

Another process proposed for the synthesis of
the lactam consists in carrying out a cyclizing
hydrolysis of an aminoalkylnitrile, such as
6-aminocapronitrile in the preparation of

25 ¢€-caprolactam. This reaction can be carried out in the
presence or in the absence of a catalyst and in the

liquid or wvapour phase. This reaction releases ammonia.
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~-2:apro| actamin the presence of water is exenplified 10 in Patents US
2,245,129 and EP 0, 150, 295. Generally, in the |atter processes,

am nocapronitrile is obtained by hem hydrogenati on of adi portAgril 2008y known
processes disclosed in particular in Patents DE 836,938, DE 848,654 or US
5,151,543. 15 As the main use of the Ia?t ans produced is the manufacture of
pol ymers or copol yners and nore particufarly of polyam des or copol yam des
i ntended to be shaped for the production of yarns, fibres, noulded itens or
films, the purity of e | 1?%5 s Y, ' specific and strict
speci fications. Thus, trlg]r?e lgafcé e rraj%ergggéci?%% |%Qnds i|3ns THe XM absor bance
of an aqueo Ol a6t Am SOl rﬁ%§ S Y, ] er.- Thi s nunber
is determ ng’(si\t%sﬁr?éasureneﬁn} “J(‘)%J?%e a s%’rb ngga)gfoﬁné%%{rgje&(r)%’s O2f5 caprol actam
sol ution (5@ thy,raein@ht) 7 adavelengtiyfo ZPQAd asmalod sugel | with a
width of 1 cm 1 Aprzg'l 2003 3 In or'diebr to obtadln ar%a']ow UV nunber, it is

known in particul ar tenibeidedd e dAGHRME QR gh B0 ¥atl L 4k e
presence of a catalyst. Thus, German Patent 1,253,716 discloses the 5

hydr ogenat i @heof;agrRiroiReisaMQRliARedy My dhe Back el iangersmnt process
in the presence of a suspended hydrogenation catal yst. Likew se, Patent DE
1,004, 616 ang Basb Cdrawlvdeat dni PaY L83 2 eetSrs EPOESS S, a4 1t he

hydr ogenati on 10 of caprolactamafter treatment with active charcoal and

i on- exchangende®ion$.6 /RS- US 5, 496, 941 di scl oses a process for the
purification of the |actam obtained by cyclizing hydrolysis of an
aminonitrile. This pr@&esSaEvansisess of Pigtogpersmitrdrdsyd®ati on of the

| actamin the presence of ~a hydrogenation catal yst. A solvent, such as

wat er or antafephelackampipf é?‘&bpyeﬁfaé§€n9.f YRECRy dBo§ERBPLOA 18Fage i s

carried out on the isolated | actam separated fromthe cyclizing hydrolysis
10 i patente U 20 2435438 SHRPER B 150> Rose ¢ g hydroly

Generally, in the latter processes,
aminocapronitrile is obtained by hemihydrogenation of
adiponitrile by known processes disclosed in particular
in Patents DE 836,938, DE 848,654 or US 5,151,543.

15 As the main use of the lactams produced is
the manufacture of polymers or copolymers and more
particularly of polyamides or copolyamides intended to
be shaped for the production of yarns, fibres, moulded
items or films, the purity of the lactams must comply

20 with specific and strict specifications.

Thus, one of the major specifications is the
UV absorbance of an aqueous caprolactam solution
represented by a UV number. This number is determined
by measurement of the absorbance of an aqueous

25 caprolactam solution (50% by weight) at a wavelength of

290 [lacuna] in a cell with a width of 1 cm.



20 reaction mxture. This is because this process requires the separation
fromthe cyclizing hydrolysis nmedium of the conpounds which are nore
"volatile and |l ess volatile than caprolactam This separati oreitAsil 2608 e
requires the renoval of the anmmonia produced and the 25 distillation of the
caprol actam These various processes give satisfactory results in the
production of a lactamwith a | ow W 31 April 2003 4 nunber. However

this purification stage has a di sadvant ageous effect on the general

cconom s of (he prosess. Thls 15 Secase the, SHieLagcy of fhe catal et
(requent reBae S SRS AMLISULS R0 sk of 8 lactamor
process |2 AR ASAAALAGNIR I 40 salalyl samol be
present | nvent) on 1< b0 EMLAL g onercom (s dentiartages oY

possi bl e st o ngedlgNAtNTraTe @lprbl daast Jdta ied &y it Hediiinn

hydr ogenati on catal ysts and thus the general econom cs of the process for
t he manuf actriehe rehgerndMpredign rowHd Yrekerddd oend siks j&ft-matter of
the invention is a process for the treatnment of a liquid 20 nmedi um
conpri si ng aydregehatien acitaihydtn particul ar for decreasing the U nunber
of the lactam which consists in subjecting the said mediumto a
hydrogenation in the pdé&sernce,ofPatemrdDiydndtldar ldataald) StastTieeym=acess i s
characterized by the presence 25 of dissolved amonia in the said nmedium
21 April 2083t8nFhd SpO8efidE cdiosgenmenipa argiess fiar pdesithide agensitgmirf i cant |y
increase the cycle tine of the hydrogenation catalyst. To prevent or limt
the condé@ns&fi 6APredectem isen kaex wifd Esiaeatcieg cogrl and

i npl enent ati,on of ghe hydr ogenation will be carried out at a tenperature
whi ch makes* PP~ F8SEPEPE £65H&Fe hydrogenation kinetics conpatible with an

i ndustrial use but “h%%Qf%% 3 Eogggsgggsgbg%ﬁ.ﬁggi% %&g@g&gﬁ re IS
preferably |l ess than cin’ tircal h i

- t . Ehy t [ I .50C and 150C,
bref er ably. Baruban TOC AR Soc i A3 T A AR Yo e R The e um

can vary w hbapon despbepant kRsobk i3 eadtanageeuslsy Landiealker 4f han 10
g/ 1, preferably between 50 g/1 and 200 g/1. The nedi um conprising the

| act am eenpstage, odchoadbagnh@ione othahachacitsin 6 nokhitheriedeapti F a

sol vent chosen, for exanple, from al cohols conprising 20 from1 to 3 carbon
atonms. Howemehydrhgepatfienr edtadlyeent & eblveeati nganh ag aaeewaber and

wat er/ al cohol m xtures. In addition, it is possible to carry out the

hydr ogenati @ 8icahadltéf paefamrakilvhpuesensel vent ot her than ammonia. 25
The treatnment process of the invention is carried out in the presence of a
hydr ogenati on cat al ysTReTRydregeapiiencgsage dgspargeqdi puthenmsieum 21
April 2003 6 or_pres nt in the formof a fixed bed,or fluidized hed
deposited i h*8 ?Eﬁglg?CFQQCFSP?rTEEdCQFSWyg ecE¥Cpezang hydrolysis

20 reaction mixture. This is because this process requires
the separation from the cyclizing hydrolysis medium of
the compounds which are more volatile and less volatile
than caprolactam. This separation therefore requires
the removal of the ammonia produced and the

25 distillation of the caprolactam.

These various processes give satisfactory

results in the production of a lactam with a low UV



bul k or supported catalyst. The preferred catal ysts of the invention are 5
those derived fromone or nore nmetals chosen fromthe group consisting of
iron, nickel, cobalt, ruthenium rhodium palladium osm um 2|1rquli| 3and
pl ati num Use may be nmade, as catal yst support, of, for exanple, active
charcoal, alum nas, silicas, titanium 10 oxides, rare earth netal oxides,
such as I ant hanum or cerium oxi des, or A rconiumor zinc oxides. Use may
al so be made of a m xture of these oxides or mxed oxides. Use nay also be

made, as cat ang?t Sﬁg ort g&gnem um, alum niumor boron silicates or
phosphat es. ! 'ﬁg‘éroft uﬁb‘ElltféHa%P&I yseget h@scancentration of
catal ytic elg i s advant agequsly between

(% ressed g f net al
0.01 and 800 07 ‘ﬁan 9%?“%?8?1?“% PhE gafgrgEel ﬁF@P@F‘éEFyOf-r ERE0. 1 to
500 by wei gtB g%) %:ur,hq rri)%ebeéh Sga;:ﬁ E%@gﬁg?ggng ggﬁ?g%tg ves which

i mprove the Cat ic e such fifanese,

copper, Chrf&@d%aéé a&'éi—&'}“ apLypge ’I'Hliggggffae%g/i ?e?t gBFThese

dopi ng el enments usual ly repfesent” from y fromO.1

L0 10% bys weisitt1 Y s qeped FPelheneatabyblenbhy aftu\{s feLe, 21 Aerlld

2003 '7 . The manufacture of thesé suppor non suppor cat al ysts is

described i mrfiunesause Slogynend Syi sKChEas 1h PRANGS EH%E&QP&S@&%O“
| ndustrial Chem stry, Volune A5, pages 348-350, 5th edition

hydr ogenat i qrudirsatoeing i shitaiié®da ®UEh&i dh@r oAt t18d NEsSPh @)(@,@éure or at
a pressure of between 1 and 100 bar. As is disclosed int

docunent s, tiiis tpmemtisw'evemmn@amm@z&agws@m@tﬂqélecrease 10 in
particul ar the UV nunber of caprolactam However, the presence of dissolved
anmoni a nmak @ tal ysds slainot dobtedeneratoed \Wnuarbeimple mad t erorohangt hy
continuous operating tine for the process, that is to say to treat a | arge
anount a0 | RICEASK -t hout having to replace or 15 regenerate the catalyst
present in the reactor by m ninizi ng t he consunption of catalyst
consuned per Kil ogr am 6’fe Ioé%/t‘%i%ﬁ t"’l’lé%?t - e RERASTYE olﬁ“é&‘fmll@s % the

treatment of, | act (1 vari ous or| suc£ as_ t hose obtai ned by
in par 1cu o overco e t lese disadvantages by

providing conditions for implementing the hydrogenation
stage which make it possible to greatly increase at

15 1least the cycle time of the hydrogenation catalysts and
thus the general economics of the process for the
manufacture of lactams of high purity.

To this end, a subject-matter of the

invention is a process for the treatment of a liquid

20 medium comprising at least one lactam, in particular
for decreasing the UV number of the lactam, which
consists in subjecting the said medium to a
hydrogenation in the presence of a hydrogenation
catalyst. The process is characterized by the presence

25 of dissolved ammonia in the said medium.



20 the Beckmann rearrangenent reaction, |actans obtained by

depol yneri zati on of polyam de or |actans obtai ned by cyclizing hydrolysis
-of an aminonitile, for exanple. However, the invention appl iZsApR2e03
particularly to the treatnent of the | actam solutions 25 obtai ned by

hydrol ysis of an amnonitrile, either ig t he vapour phase or in the liquid
phase. 21 April 2003 8 Thus, the procéss of the invention applies nore
particularly in the hydrogenation stages disclosed in the processes for the

purification of caprolggt ggopue?ggrﬁnggf b&nuﬁgrf%%%%?éld%ﬁé%%%f%?éc?cgsed in

amnonitrile, in 5 the va phase or 1 n

Patent US 5,s&%§yi%%aqnﬁfaﬁ?&ea@éﬂé@tw&%\%%§é Oﬁg?’é‘e Anot her

subject-matter of the invention Is a proces or t purification of a

| act am obt aiRed-dpedanSldz i il ysis of an aminonitrile in the vapour 10
phase and nore particularly a process for the purification of

(err)-caprol act am obt aidgf-dpserty o Zi ingh hyehid | ysden s t en Veeasr i phase of

6- am nocapronitrile. This process consists: - in cooling the hydrolysis
reactionsm xtfungd Qaathn,t ameraimpe afutesfort hiapl&atntat idn sebj ecti ng t he
cool ed reaction m xture, at |least partially conprising the anmmoni a forned,
to a hydrogemat ihgaidayeras jpre seride ld aarhyikdganatatora cadmbesdturd - after
hydr ogenation, in optionally separating the ammonia fromthe reaction

m xture, - aiddnmslgsedtt mpasid edst itmverihydreyens toivm drimerics
purification processes, in order to obtain a | actamwhich satisfies the
desired puricopprasddilie autthoms ixslupte Igddriifedatt ofhiqleat et 1@arri ed out
directly on the reaction mxture resulting fronﬂghe cyclizing hydrolysis,
makes it podsi RSP lfse THE tNPARTUre G preterably less “than

10 150°C, in particular when the lactam is €-caprolactam.
The temperature is advantageously between 50°C and
150°C, preferably between 70°C and 130°cC.

The concentration of ammonia in the medium
can vary within wide proportions but is advantageously

15 greater than 10 g/l1, preferably between 50 g/l and
200 g/1.

The medium comprising the lactam comprises,
according to one characteristic of the invention, a
solvent chosen, for example, from alcohols comprising

20 from 1 to 3 carbon atoms. However, the preferred
solvents of the invention are water and water/alcohol
mixtures. In addition, it is possible to carxry out the
hydrogenation of a molten lactam without a solvent
other than ammonia.

25 The treatment process of the invention is
carried out in the presence of a hydrogenation

catalyst. This catalyst can be suspended in the medium



9 ammoni a produced in order to carry out this hydrogenati on under
sati sfactory economc conditions, in particular wwth a cycle tine of the
"catal yst which is conpatible with an econom c industrial use1tAgdril 2003
necessary, it is possible to adjust the concentration of anmonia, either by
addition of ammonia or partial evaporation of the ammoni a produced by the
hydrol ysis reaction. In addition, it also has the effect of 10 reducing the
deterioration in the UV nunber which is observed during the separation of
the 11oht Tbackialeqt 9m ihe 1:Ra! ¥ dMale ndd) MY Bledtidd'd the

t n y of t t

distillayion of the ammonia a optlonal _ e water or o e sol vent
present in HREOEEXLHM §n &0 tAEKAGY RGal? drhe THY &UdO%,sd R&,| 35d gin recover ed

after the hydrogenation treatnment and optionally the separation of the

ammoni a canplek- s¥bkappedted “atkaystknown purification stages described in
nuner ous patents, such as, for exanple 20 Patent US 5,496,941, WD 98/ 05636,

and the |ike. The posghel priefeatreEnicatalgses dat itbve, idivandiaat isae i n aci dic
or basic medium liquid/liquid extraction, treatnment over ion-exchange
resins, 6r chgsetabkrigedofiromopnexarpmere?2meAil st hdwasdr datorentls: are gi ven
solely by way of exanple, it is possible for all of themto be carried out
or just songrofipt hensisfiiagyofr deon, nitkagr i lcokadl,16ubhesivadvant ages and
details of the invention will becone nore clearly apparent in the |ight of
t he exanpl eshgdiem, behdhadsusl yolspinagy ofidadgincanidoplasiitwout any limiting
effect on the invention. 5 Conparative Exanple 1 An aqueous sol ution
conposed of 60% of caPE6l Ré¥aker B8GPti A§ CRGALYSEY EPPORG hedrolfpsi s of
6- am nocapronitrile, the con itiong of _whi,ch are,1Q di sclgsed ,in French

n

Pat ent Appl FEAFPOR- 229E2VE76PAF OBt PAUBIERY i Rt oGGCed Hiifg 1qm

hydr ogenati on.reactor_at 80C under .25 bar charged_w th of _Raney ni ckel
as hydrggen3§?%ﬁ56afgfﬁs??r iggggér8 §§F§ﬁ1§8%§tﬁgnaﬁg% 8H65?°Ebnprises

cerium oxides, or zirconium or zinc oxides. Use may
also be made of a mixture of these oxides or mixed
oxides. Use may also be made, as catalyst support, of
magnesium, aluminium or boron silicates or phosphates.

15 In the case of a supported catalyst, the
concentration of catalytic element, expressed as weight
of metal, is advantageously between 0.01 and 80% of the
total weight of the catalyst, preferably from 0.1 to
50% by weight.

20 Furthermore, the catalysts can comprise
additives which improve the catalytic effect, such as,
for example, zirconium, manganese, copper, chromium,
titanium, molybdenum, tungsten, iron or zinc.

These doping elements usually represent from

25 0 to 15% and preferably from 0.1 to 10% by weight with

respect to the catalytically active metal.



15 amonia, the latter havi ng been distilled off on |eaving the cyclizing
hydrol ysis stage. The Wnunber of this neasured solution is 24 at 290 nm

- The Wnunber of the solution exiting from 20 the hydrogenat Rorpsitz0gs i S
periodically nonitored in order to determ ne the efficiency of the
hydrogenation and thus the activity of fhe catalyst. The results are shown
in the tabl e hereinbel ow 21 April 2003 11 Operating time24 h48 h72 hl120
h192 hW numnber 9. 722222323 The results show that the catalyst has lost its
activity fromthe 2nd rating. le 2 5 le 1 is repeated
but using as sol uti onqgl%yg%fﬁlruglggg{%gr% |%r;f wa%(raéfe tesélp\ﬁ'ﬂr%ﬁe ds peen added
ammoni a, inggder g atahl ] sqlutj.an 1S DR ABm a and S1~
of caprolacFakg %he capr%lggtghlgolS%igﬁgﬁﬁgf%?e treégﬁéﬁ?%: 10

exhi bi ts a Wapnber y1TRasn" ed rAl 230084181 oF Gnall Aigsul ts are shown in
the follow ng table. Operating tlﬁE4§ h120 h192 hW nunber 0. 80. 80. 8 These

results C!e@hb%i%hQW,tb%lﬁh%eﬁg,o%ab@% Bu@sSenee GftramHiden the
preservation of the activity 15 of the catalyst. Thus, after operating for
ei ght dags, the Wnunirae alydridgenasibhl mges@menitons $axd€rid ealt to that
obtai ned at the beginning of the operation. The hydrogenation treatnent
retains itseéftheeci ancutmospheApr br2@@3rt2or at a pressure of

between 1 and 100 bar.
As is disclosed in the cited documents, this
treatment with hydrogen makes it possible to decrease
10 in particular the UV number of caprolactam. However,
the presence of dissoelved ammonia makes it possible to
obtain a low UV number even after a lengthy continuous
operating time for the process, that is to say to treat
a large amount of lactam without having to replace or
15 regenerate the catalyst present in the reactor or by
minimizing the consumption of catalyst consumed per
kilogram of lactam treated.
The invention applies to the treatment of
lactams of various origins, such as those obtained by
20 the Beckmann rearrangement reaction, lactams obtained
by depolymerization of polyamide or lactams obtained by
cyclizing hydrolysis of an aminonitile, for example.
However, the invention applies more
particularly to the treatment of the lactam solutions
25 obtained by hydrolysis of an aminonitrile, either in

the vapour phase or in the liquid phase.



Exanpl e 3 The caprol actam sol ution treated by hydrogenation according to

the conditions of Exanple 1 is the reaction mxture resulting fromthe

- reaction of 5 6-am nocapronitrile with water. This m xture 2taApabpected to
rapid cooling to a tenperature of 80C at the reactor outlet, in order to

prevent pol ycondensation of the caprol gctam The m xture conprises 90 g/1

of ammoni a produced by the reaction. 10 This m xture exhibits a Wnunber at

290 nmof 1.8. The mixture is sub3ected directly to a hydrogenation

according to the con&#ﬁégnstﬁé g%ggggg &f gﬁggggﬁgéggoﬁﬁggggggfare given in

t he tabl e hereinbelo drogenaton operatin 92 hwW

nunber 0. 80. 808 EPELDEF DT €n Fﬂge?ghﬁggéﬂggggﬁr%Lﬁg@@iggsgggsggt been

converted to caprol actamis conpl et rogenat e

hexanet hyl enedigan @c@y&@saféﬁrtﬁsegbyﬂf.@gse%ﬁoafca&gﬂs%chaﬁl been .
operating for 192 hours. 21 April 2003 WO 00/31031 13 PCT/ FR99/ 02823

CLAIMS 1. Rsweessed Oby tdecl i LahFeRydeblpsi & QE daBahUNLEQEPRE 18], Ngnat | east
one | actam which consists in 5 subjecting the said nediumto a

hydr ogerat i tie | vapder pplesedcer o n athy dl dbgehat poaseat Al ysloseBatacteri zed in
t hat the medi um conprises dissol ved ammoni a. 2. Process according to claim
1, char act eratzext | 1S t iad 96 hed heshdnPaoept | el bcaoli oenW0198¢0668A.f rom t he
group consisting of alcohols having from1l to 3 carbon-atons, water and

wat e-r/ al cohol i xt urAgotlzer Ppokiest avabrel ngt t the | Bmventden2is a
characterized in that the hydrogenation treatnment is 15 carried out at a

t enper at ur RFCeS sE@hapha 5o1r 1 i cak besaf a2 chr@rHy Plotaineth By

characterized in that the hydrogepation treatnen{ i's
cyclizing hydrolysis of an aminonitrile in the vapour

10 phase and more particularly a process for the
purification of g-caprolactam obtained by cyclizing
hydrolysis in the vapour phase of 6-aminocapronitrile.

This process consists:

— in cooling the hydrolysis reaction mixture to a

15 temperature of less than 150°C,

- in subjecting the cooled reaction mixture, at least
partially comprising the ammonia formed, to a
hydrogenation in the presence of a hydrogenation
catalyst,

20 - after hydrogenation, in optionally separating the

ammonia from the reaction mixture,

-~ and in subjecting the reaction mixture to one or more
purification processes, 1in order to obtain a lactam
which satisfies the desired purity specifications.

25 The hydrogenation treatment, carried out
directly on the reaction mixture resulting from the

cyclizing hydrolysis, makes it possible to use the



carried out at a tenperature of between 50 and 150C, preferably between 70C
and 130C. 20 5. Process according to one of the preceding clains,

- characterized in that the concentration of dissolved amoni2d Awil @0@ht er
than 10 g/l. 6. Process according to one of the 25 preceding clains,
characterized in that the hydrogenatiop catalyst is chosen fromthe group
consisting of iron, nickel, cobalt, ruthenium rhodium 21 April 2003 14
pal | adium osmum iridiumand platinum taken alone or in conbination. 7.

Process acceitimith trsdiddn Gin et s | Z8ery Nohbaghibe catalyst is a bulk
catalyst 5 or a supported catalyst. 8. Process according to either of

claims 6 angdisoddiadthidre st | $ut hetadterEadedbysmi € ofphidsesoas, | east one
additive chosen fromthe group consisting of zirconium nanganese, copper,

chrom um tid @At cullimwitidenuwgclangtenf i tlon @anth kyac. wlickr ocess
according to either of clains 7 and 8, characterized.in that the support of
t he cat al ysits icomgedsidnl  moinitt heen graompreionsisdusigr il acte veI£har coal s,
alum nas, silicas, titaniumoxide, rare 15 earth metal oxides, zirconium
oxi des, Zi measdstey;, regriesinaisiklortalatdusunie | ¢ergertort phvsphat es,
and boron phosphates. 10. Process according to one of clains 7 to 9,

char act er i 2fd dmEnarHa t%%d@htq’dﬁ%wrbfo%aﬂrﬁl@ﬂ%% ‘2’0 Iéﬁ‘@?%ﬁ*& inthe
supported catal ysts is between 0.01o and 800 by wei ressed as net al
el ement, WHRREFH Q™ (F tHE ETYRE P %ﬁ"ﬁ‘/‘gt by 14t %Pc%or ding to
one of the recedi ng cl ai ns, characterlzed in that the | actamis 25

obt ai ned by &% ng hydrol ysis of an anminonitrile.

In addition, it also has the effect of

10 reducing the deterioration in the UV number which is
observed during the separation of the light fractions
from the reaction mixture, in particular during the
distillation of the ammonia and optionally of the water
or of the solvent present in the mixture.

15 According to the invention, the lactam
recovered after the hydrogenation treatment and
optionally the separation of the ammonia can be
subjected to various known purification stages
described in numerous patents, such as, for example

20 Patent US 5,496,941, WO 98/05636, and the like.

The possible treatments are oxidation,
distillation in acidic or basic medium, liquid/liquid
extraction, treatment over ion-exchange resins, or
crystallization, for example.

25 All these treatments are given solely by way
of example, it is possible for all of them to be

carried out or just some of them, in any order.



21 April 2003 15 12. Process according to one of the preceding clains,
characterized in that the lactamis E-caprolactam 13. Process for the
‘purification of lactans 5 obtained by cyclizing hydrolysis o1 Aprl2003
amnonitrile, characterized in that it consists in: - converting an
amnonitrile to the lactamby reaction-with water in the vapour phase and
production of ammonia, 10 - cooling the cyclizing hydrolysis reaction
m xture to a tenperature of less -than 350C, - subjecting the said cool ed
reaction mxture, al |Rasty Rafdditdded MR | G4 1% AMRAT Snplodiised by the
reaction, to a hydrogenation in the presence of a 15 hydrogenation catal yst
accordi ng t @3iane ycd@inBrd deakdly -apph 8t onaldye s atyagpbe anmoni a
fromthe reaction mxture, - and optionally subjecting the said reaction
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10 disclosed in French Patent Application 2,714,379, is

continuously introduced into a hydrogenation reactor at
80°C under 25 bar charged with 5% of Raney nickel as
hydrogenation catalyst.
This caprolactam solution no longer comprises
15 ammonia, the latter having been distilled off on
leaving the cyclizing hydrolysis stage.
The UV number of this measured solution is 24
at 290 nm.
The UV number of the solution exiting from
20 the hydrogenation stage is periodically monitored in
order to determine the efficiency of the hydrogenation
and thus the activity of the catalyst.
The results are shown in the table

hereinbelow.



U c”ra Ucna Uc”a]ca]ca
y<?Dz' [} xsni d_Zca]] ca] ca] ca] ca] ca] ca] ca] ca] cRa] cRa] ca] ca] ca] ca] ca] ca] ca] ca]

cal] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca!-?XYfop # (

) 2t April 2003

}xsni d_Zca]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]ca]l
ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca! Sl
4b} xsni d an] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cajca]c

aalagl A1 L/ AN

L MV

Zoall nn'l

‘a] ca] ca] ca
a] ca] ca] ca]j
ajJ ca] ca] cajc
"FGSTi!"-r

cghszbeahse]

re} xer qngca] |

—pal-aal
b (J.J b Q]T (J.J
cahgalcal

ca] ca] caj

ba’] CA. UVLLOIM M\JUULIT\A ﬂﬁ L\J] XStt6

caygakcal

ca] ca] ca]

calcalfal

ca] ca] ca]

caj &gl gl

ca] ca] ca]

LDQ__"

a g3l gal

ca] ca] ca]

ajcalc
cal ca]c

ca] ca] c

aJcaJca] ca

I s @8? @+4f )

ca]cajcajca

x§0i fudsel] ¢

Tarcaicaj

a] ap]£a] ¢

carcarcal

a] capcal g

cajcat

a] cglcal

a] cglxal g

a] cgjral ¢

a] ca] ca

] ca] ca] ca] drUa]cd]Ld] afcaftatcajcaicarcajtar— N

LU0 G A" )y vZC al o alira sl srlsalieal calgal cal cal cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! #$@NSPS\ $$$$5$

$555$%00006 YRU3 U=V xenizeZerh &1 ealexritcalgal ca) cal ca] ca] calcalc

a] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] cal %

& &O&J &&&&&E&&&&&' 8' ¢' d' p' "(9(H(N(k(n(g((}xsnid_Zca]]ca]ca]ca]ca]ca]ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca

] ca] ca! ((() Example 2

*EFtYury***++4+B+P+R+, T, , (-- .=l /}xsnid_Zca]]ca] ca] ca]ca] ca] ca]ca] ca]

ca] ca] capca] ca] ca] ca] @aFm]l@apcaFca]ap@]a@aa]dcéq@awa]@a]acfa]scd]t&a]qm] ca] ca] cal!

i/jlslll/%X0f0i 0000-1/1E1l 1s1t11111

2" 282B2i 2j 2@E22APEPARGHPRC APc WRpESTC &Pc Md st drcaRegt f3¥g%a] ca] ca] ca] cal ca
calca

{J] cl\a] ca] caPE‘QPBaFcaPE‘aPEQPEaFBaPP&F&a’] &]88&]%&l%m1§1§3444 4<4DAR4UAL

444+5] 5556 66" 7TYTL7 X
Ul c"a][ ca] ca?@ é;] %{] %5‘ a%gl ] gﬁ%a]?f]%%’lar c%]aajqngll]cga]c2191]021;1??]73(?1833%889
1999995: }: D N \:z;

G=m=~yt ol e [*Vc] Ca]“ea ca%‘@a]"cg]ceé‘]“cé]%?ﬂ don before treatment,
U c7a] calealeakpalcaboalcalnleal srbeakedl 6l sl kg akaalod ca

Ul c”a] ca] cal nr===, >>>>

Ae AAMABRBBBREE S0 Gl es RindwaC liealtea] cajiaahaaleakeakeal ca] cal ¢
a) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal qCCC
CDYDgDj DDDDD6E\ EEEF* FFFG3GEG GGGHH7HHHHHI } xsni d_Zc] ca] ca] ca] ca] ca] ca] ca] ca]

cal ca] ca]chJcaJcaJca] ca] ¢a] ca] ca] cal callca] ca] ca] cal cajca] cal ca] ca] CT cal ca]

ca! I 11 DYDgb DDDBDSEE&EFj FFFG3GEG GCGHH7HHHHER § xisni d_¥c] calléd] ba] ca]jca] ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c@] ca] ca] ca] ca] ¢

ajcalca }efF 10%t8M9 - 1L10% & () - 10% &J()-3
8

UV numbexr

a)J ca] ca] ca] ca]jcalcalc

0. 0.8 0.8

These results clearly show the effect of the
presence of ammonia on the preservation of the activity
15 of the catalyst. Thus, after operating for eight days,
the UV number of the resulting solution is identical to
that obtained at the beginning of the operation.

The hydrogenation treatment retains its efficiency.
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hydrogenation according to the conditions of Example 1
is the reaction mixture resulting from the reaction of

5 6-aminocapronitrile with water. This mixture was
subjected to rapid cooling to a temperature of 80°C at
the reactor outlet, in order to prevent
polycondensation of the caprolactam. The mixture
comprises 90 g/l of ammonia produced by the reaction.

10 This mixture exhibits a UV number at 290 nm of 1.8. The
mixture is subjected directly to a hydrogenation

according to the conditions of Example 1. The results

obtained are given in the table hereinbelow.

Hydrogenation 48 h " 120 h 192 h

operating time

UV number 0.8 0.8 0.8

15 Furthermore, the aminocapronitrile which has
not been converted to caprolactam is completely
hydrogenated to hexamethylenediamine, even after the
hydrogenation catalyst has been operating for 192

hours.
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subjecting the said medium to a hydrogenation in the

presence of a hydrogenation catalyst, characterized in

that the medium comprises dissolved ammonia.

2. Process according to claim 1,
characterized in that the medium comprises a solvent
chosen from the group consisting of alcohols having
from 1 to 3 carbon atoms, water and water/alcohol
mixtures.

3. Process according to claim 1 or 2,
characterized in that the hydrogenation treatment is
carried out at a temperature of less than 150°C.

4. Process according to claim 3,
characterized in that the hydrogenation treatment is
carried out at a temperature of between 50 and 150°C,
preferably between 70°C and 130°C.

5. Process according to one of the
preceding claims, characterized in that the
concentration of dissolved ammonia is greater than
10 g/1.

6. Process according to one of the
preceding claims, characterized in that the

hydrogenation catalyst is chosen from the group

consisting of iron, nickel, cobalt, ruthenium, rhodium,

00/‘&'()
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least one additive chosén from the group consisting of

zirconium, manganese, copper, chromium, titanium,
10 molybdenum, tungsten, iron and zinc.

9. Process according to either of claims 7
and 8, characterized. in that the support of the
catalyst is chosen from the group consisting of active
charcoals, aluminas, silicas, titanium oxide, rare

15 earth metal oxides, zirconium oxides, zinc oxides,
magnesium and/or aluminium silicates or phosphates, and
boron phosphates.

10. Process according to one of claims 7 to
9, characterized in that the concentration of catalytic

20 element in the supported catalysts is between 0.01% and
80% by weight, expressed as metal element, with respect
to the weight of catalyst.

11. Process according to one of the
preceding claims, characterized in that the lactam is

25 obtained by cyclizing hydrolysis of an aminonitrile.
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— subjecting the said coocled reaction mixture, at least
partially comprising the ammonia produced by the
reaction, to a hydrogenation in the presence of a
15 hydrogenation catalyst according to one of claims 1
to 12,
— in optionally separating the ammonia from the
reaction mixture,
- and optionally subjecting the said reaction mixture
20 to one or more stages of separation and of
purification of the lactam, in order to obtain a
lactam which satisfies the desired purity
specifications.
14. Process according to claim 13,
25 characterized in that the stages of separation or of

purification of the lactam are chosen from the group

consisting of distillation, oxidation, treatment over
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