WO 98/ 17641 ' 1 PCT/ FR97/ 01903 PROCESS FOR
JREATI NG LACTAMS The present invention relates to the treatnent of |actans

obt ai ned directyy Jgamddiei r synthesis progess, avoidi ngpbhberkotiaibey of
oligonmers 5 as far as possible. Lactans, and nore particularly caprolactam

which is the starting materi m@sg@?mﬁwg%%ﬁral ly distilled in
order to be separated fromthe conpounds Tromwhich they have been prepared
and from 10 the by- prodrid oradssntl dmveshtdion nelidtay tyndheesi s.
Caprolactamis prepared industrially in a conventional manner by a Becknmann
rearrangenent rtasestinenoiol yidoleme bt inadrel imedt Isulfitonr ithedai d or ol eum
foll owed by neutralization of the mediumwth 15 ammoni a and t hen
separati on and sunttesia imreasgss havsigtision dthem fdrasttaden wfy dligensas

obt ai ned by_cyclizing hydrolysis of amnonitriles. They nust then be

separ at ed f? omashefamAiRPIHNRY, the unreacted water, 20 any sol vent
used, light organic conpounds (that js to say those having a_boiling point
bel ow that of the | actamPaChANSm @R MR RIE HEH 15 Y caRral@qtass " heavi er

or gani ¢ conpounds, (W fh boi | in oi nt_ higher_than that, of the |actan). 25
Purification of? et Het %ﬁ“aoti%rt’rg"rqi aﬁqrorﬁojé’rﬁf‘ﬁ% ét'pfrrﬁ cularly

ILs separati on JLomAEHeTas e fiola A WP Yd b Wpd ARH By Gl | 22T 19

compounds from which they have been prepared and from

10 the by-products also formed during their synthesis.

Caprolactam is prepared industrially in a
conventional manner by a Beckmann rearrangement
reaction of cyclohexanone oxime with sulphuric acid or
oleum, followed by neutralization of the medium with

15 ammonia and then separation and purification of the
caprolactam.

Lactams may also be obtained by cyclizing
hydrolysis of aminonitriles. They must then be
separated from the ammonia formed, the unreacted water,

20 ény solvent used, light organic compounds (that is to
say those having a boiling point below that of the
lactam), any unconverted aminonitrile, as well as
heavier organic compounds (with a boiling point higher
than that of the lactam).

25 Purification of the lactam, mainly by
distillation, and more particularly its separation from
water, is not always carried out immediately on leaving

the cyclizing hydrolysis reactor.



2. 1t has been observed that |actamoligonmers are forned when the reaction
flow |l eaving the hydroly- sis reactor is nmaintained at a tenperature above
‘about 50[err]C for a relatively |ong perigd of time. This is 5 because
mai ntai ning the reaction mxture in the liquid condensed phase | eads to the

formation of oligomers. §%”h5§rb¥en'Bb9é§vééeﬂh995§a&e§mtBﬁigéﬁefge aver age
residence tine of the lactamin the distillation apparatus exceeds about

one hour at a Qe fb@ﬁearﬁhéhetﬁE0¥eaéeQBﬁrfléw DEAPONgG' Shar Byatsby+ or med.
In addition, when the lactamis not distilled imediately after it has been

prepar ed, the sakdreactam is mafRthiRedsaer adtémperapareocabohe caboay be
relatively long, that is to say, as a guide, equal to 15 several hours.

It has been obsercedolrhat reflatdgelgf 1bhg pendedl| aft fiméor Thipeisod of a few
hours, especially in solution, at a tenperature equal to or above 50[err]C
leads to ti5e fecatisenmafinthigdmgr Shef rengtighdmixsuam inothe liquid
Dependi ng on the apparatus used, the presence of these oligoners forned
during the varﬁ@@@epﬁg§e§hé$etﬂ@aﬂﬁeépnﬁh@ EPTPRELPROREOBLATABETFr om t he

cyclizing hydrolysis reaction is |liable to_ cause bl ockag ecjially in
the pi pes between the refdMélagdy i A& ?gs b&PQtPPF&FVSa Egﬁﬁ i Eh?he

storage tank. In addition, the fornati gﬁ 3 QmErLS L duces t he overal
yield of |actaRVex@9E $8548°R58 EigiFar prt | eRS 6" plr “Fcati on and

recycling. distillation apparatus exceeds about one hour at a

10 temperature above 100°C, oligomers are also formed.

In addition, when the lactam is not distilled
immediately after it has been prepared, the said lactam
is sometimes stored for a period which may be
relatively long, that is to say, as a guide, equal to

15 several hours.

It has been observed that storage of the
crude lactam for a period of a few hours, especially in
solution, at a temperature equal to or above 50°C leads
to the formation of oligomers of the said lactam.

20 Depending on the apparatus used, the presence
of these oligomers formed during the various phases of
the treatment of the flow obtained from the cyclizing
hydrolysis reaction is liable to cause blockages,
especially in the pipes between the reactor and the

25 distillation column or the storage tank. In addition,
the formation of oligomers reduces the overall yield of
lactam and creates additional problems of purification

and recycling.



3:The present invention overcones these drawbacks by limting the formation
of lactamoligoners as far as possible. The invention consists, nore
precisely, of a 5 process for treating a l;actamusing the reaction flow
obt ai ned from a vapour -phase cyclizing hydrolysis of an am nonitrile,

characterized in that thehecpesentl iavehedvhngveleomedr ehyges reactor is
cool ed, over a period of less than or equal to 1 hour, to a tenperature

bel ow 10 or Atraabaickslb aimi€ihef ehe iformatfibacbifohatedm dhégomersng may
be carried out in industrial processes by a heat exchanger with circul ation
of water, of aias dar asepesspplepri ate, of vapour or heat- exchange fl uid.
15 In practice, an inplenentation variant of the cooling wll
consi st in recovering th&healioveasibnogensdsteachose preciselwbt afnad from
the hydrolysis reaction. These calories may be used directly to 20

preheat a Feat REeCessgdor] Freafingh amdpctRBnuséngethe pearbarnt FéoWeact ant s
of the cyclizing hydraolysis, that is to say, essentially, the,amnonitrile
and the water.g%%?}“ﬁ@&f§P§basEPP@UFGPBPéﬁegﬂcgﬁé1§9e9¥¢59éﬁsi§ of{ gRneat

(e oy o JsserQre oy gt ee Seve,! oudenhal costeambgh w11 oo
leaving the hydrolysis reactor is cooled, over a period
of less than or egqual to 1 hour, to a temperature below

10 or equal to 150°C before it is fractionated.

The cooling may be carried out in industrial
processes by a heat exchanger with circulation of
water, of air or, where appropriate, of vapour or heat-
exchange fluid.

15 In practice, an implementation variant of the
cooling will consist in recovering the calories from
the reaction mixture obtained from the hydrolysis
reaction.

These calories may be used directly to

20 preheat a heat-exchange fluid which may then serve to
preheat the reactants of the cyclizing hydrolysis,
that is to say, essentially, the aminonitrile and the
water.

They may also serve to preheat the steam used

25 to heat the hydrolysis reactor.

They may also serve to generate steam which
will be used in one or other phase of the process for

the preparation of lactams.



4:-This recovery of the calories fromthe m xture obtained fromthe
cyclizing hydrolysis reaction may be suppl enented by cooling with water or
air, when the tenperature of the said mxture reaches a value 5 bel ow
150[ err] C or preferably below 100[err]C. I'n the present text, the term

cooling covers the vari ogga0des o9k

QQUEhIeOEatLBQB.‘éQt ?Qoﬁ\bﬁﬁé or

.
equi val ent nodes. \WWen the reactlonr? low is distilled I mredi atel vy,

that is to saymikitheel opteiagd firom £her e

process, to cool the said flow over the s&grtest possi bl e peri od,
preferably | esmayhdve eupplementedlbyncovliag with warper aruatrof wheam .
50[err]C to 150[err]C and preferably from 70[err]C to 120[err]C 15
al so recommenddbthet demperativlre dfr #heosadfl hdeturg okathesdastallbhet i on
colum, that is to say the tinme which el apses between the reaction flow

| eavi ng t hé hydedioysils 0PEacropraferakdyabedaw a0OLCI.| ati on,

one hour and preferably to 30 mnutes. The 20 distillation itself is
carried out such that théPafcagresestdsses tthe SPTMhEoPAdRANFPHerRe

distillation apparatus is |less than or e hour .. When the reaction

&R yaFZOUS WﬁgﬁsapélPrQHH%t§°§t&PQ&CPGPdaaBQVPodOSf | onger

flowis not tr
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to a maxi mum of

than 1 hour, the coouln& Is carried out over a period of |less than or equal

to 10 m nutes
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When the reaction flow is distilled
immediately, that is to say without storage, it is
preferable, for the economy of the process, to cool the
said flow over the shortest possible period, preferably
less than or equal to 10 minutes, to a temperature of
from 50°C to 150°C and preferably from 70°C to 120°C.
It is also recommended to limit the duration of feeding
of the distillation column, that is to say the time
which elapses between the reaction flow leaving the
hydrolysis reactor and the actual distillation, to a
maximum of one hour and preferably to 30 minutes. The
distillation itself is carried out such that the
average residence time of the lactam in the
distillation apparatus is less than or equal to
1 hour.

When the reaction flow is not treated
immediately and is stored for a period of longer than 1
hour, the cooling is carried out over a period of less
than or equal to 10 minutes and preferably to a

temperature below or equal to 50°C.



tenperature bel ow or equal to 50[err]C. 5 The lactamused in the present
process is more particularly chosen fromthose which are obtained by
vapour - phase cycli zing hydrol ysis of an ali phatic am nonitrile of general
formula (1): 5 Nerr]-CGR-NH err] in which Rrepresents a |linear or

branched al kyl ene radlcabhga!hggaﬁrggba iQ gﬁec?fgggnetgfsceég is

Among the lactams, nention may be nade nmore particularly of those which

serve as start] BgenﬁﬁﬁﬁhéhIBQEytBﬁoﬂéﬁpﬁféhl@HOQE wRL¥ANhPeSoBtatned and 11
and which are obtained fromthe amnonitriles of forrmula (1), in which the

symbol R repreggniapduklphakeakiplierendShydraliysas bfvangaBipdatbcor 10
carbon atons. AS indicated above, the caprol actam whose pol yneri zati on

gi ves pol yam dem@nowitehlies offir gpaeedlfl formGlanmi(mpeapronitrile (or
epsilon-capronitrile), is the lactampreferentially used in the process of
t he 20 | Bvention. By way of a non-limting illustration of the process
for the preparation of lactams, by vapour-phase cyclizing hydrolysis of
aminonitriles of formula (1), referend=ECre~-M& nade, for exanple, to
Patents EP-A- 25 0,659,741 or WO A-96/22974. The lactamto be purified is
generally in the formof an aqueous or al coholic solution. Since the

in which R represents a linear or branched alkylene
radical having from 3 to 12 carbon atoms.

10 Among the 1actams,_mention may be made more
particularly of those which serve as starting material
for the preparation of polyamides 4, 5, 6 and 11 and
which are obtained from the aminonitriles of formula
(I), in which the symbol R represents a linear alkylene

15 radical having 3, 4, 5 or 10 carbon atoms.

As indicated above, the caprolactam whose
polymerization gives polyamide 6, which is prepared
from 6-aminocapronitrile (or epsilon-capronitrile), is
. the lactam preferentially used in the process of the

20 invention.

By way of a non-limiting illustration of the
process for the preparation of lactams, by vapour-phase
cyclizing hydrolysis of aminonitriles of formula (I),
reference may be made, for example, to Patents EP-A-

25 0,659,741 or WO-A-96/22974.

The lactam to be purified is generally in the
form of an aqueous or alcoholic solution. Since the

cyclizing hydrolysis is carried out in the vapour



cyclizing hydrolysis is carried out in the vapour 6 phase, the said

|actam obtained is, nore often than not, in aqueous solution. The | actam
concentration of such a solution is generaily from20%to 80% on a wei ght
for weight basis. The amnonitrile usually 5 represents up to 15% of the

weight of the Igdadn e S TdAEHe BHa M@ W rD%fdert ihanwei ght .
The process of the invention generally makes it possible to limt the

formation of olA@OMES duebuEd Bt iviLh THetl ddtenpheheeneatian Wi tual |y
no 10 adverse effect. Such a content is generally less than or equal to

2% by wei ght ofsudh gonsylutpieon U tgeyegiilyoffdonc 240% aed §itefoey @bl y | ess
than or equal to 1% on a weight for weight basis. Preferably, in the
process of the wenghtt ifiox wesightt fmdiat dthe ansinordd rdtl ea ussigddivat ur e bel ow
or equal to 40[err]C before being distilled if the storage period is |onger
than or equal tXeOreRARts drl/ty 158 tfatthehavadiohti |afattihen lastem.r iaad out
such that the average residence tine of the lactamin the distillation 20
apparatus is | d8est Heregrenighal fxqm % fh Qs ofridis sigdigdd whi ch fol | ow
illustrate the invention. Exanple 1 25 The, 2%%1

li.zi ng hydral.ysis _of
6-ani nocapronitrile is camts &FUFREDHPHINE FveRgHan %e‘{q:ﬁ ]yé’or‘l"ﬁéi?r?d and

85 g/h of wat erié)VL%SSSJ'?bﬂl. t(022117m tcﬁe aéournr?\a aio%} of oligomers to a

content such that the phenomenon has wvirtually no
10 adverse effect. Such a content is generally less than
or equal to 2% by weight of oligomers per unit weight
of lactam and preferably less than or equal to 1% on a
weight for weight basis.
Preferably, in the process of the invention,
15 the lactam is stored at a temperature below or egqual to
40°C before being distilled if the storage period is
longer than or equal to 1 hour, and/or in that the
distillation is carried out such that the average
' residence time of the lactam in the distillation
20 apparatus is less than or equal to 30 minutes.
The examples which follow illustrate the

invention.

Example 1

25 The cyclizing hydrolysis of 6-aminocapronitrile is
carried out by passing 91 g/h of this compound and
85 g/h of water over 53 ml (22.7 g) of alumina at
300°cC.



300[err] C 7 At the reactor outlet, the gases are cooled rapidly (Iless
than 5 mnutes) to roomtenperature (about 20[err]C). A clear aqueous
anmoni acal solution is 5 obt ai ned cont aigni ng (chr omat ogr aphi ¢ assay)
47.5% by wei ght of caprol actam and 2. 9% by wei ght of am nocapronitrile.

This corresponds to a deggeenaf rean¥8esbap1&b0) thé ghsesnapecepsodadtrile of
94% and to a yield of caprolactamrelative to the am nocapro- 10 nitrile

| oaded (RY) of r83%dll. €@1e8ssehast bvinigutewsr 86 eapmotempanaterati ve to the
am nocapronitrile converted, or CY, of 99%. This solution is stored for 3
nont hs at a tenabobatueeeah .about 20[err]C and is then reassayed by 15
chromat ography. No presence of precipitate is observed. 48% by wei ght of
caprol actam and 2. 7% by wecdeerobquecnscapmoniacalesalutif@nifound, which,
bearing in mnd the precision of the assays, neans that these_crude

sol utions &f captelinedasoateininy dchremategsaphro asgandi #7oAs. bY

Conpar ative test 1 An aqueous_sol ution containing 50%)b¥ wei ght of an
equi nol ar i xt wed ot efpcapxelartandarfAmnfE PY 9819hiaPft ai ned at

150[err]C for 6 hours. By ,assaying, .it is observed that .10% of the
caprolactan1ha§mﬁ€@ﬁa@5é§éFFé %'mﬁ%ﬁé §OFEESEP 5?e8i899§#§ ﬁgs been

conversion (DC) of the aminocapronitrile of 94% and to
a vield of caprolactam relative to the aminocapro-

10 nitrile loaded (RY) of 93% (i.e. a selectivity towards
caprolactam relative to the aminocapronitrile
converted, or CY, of 99%).

This solution is stored for 3 months at a
temperature of about 20°C and is then reassayed by

15 chromatography. No presence of precipitate is observed.
48% by weight of caprolactam and 2.7% by weight of
aminocapronitrile are then found, which, bearing in
mind the precision of the assays, means that these
crude solutions of caprolactam are stable under these

20 conditions.

Comparative test 1

An aqueous solution containing 50% by weight of an
equimolar mixture of caprolactam and ammonia is

25 maintained at 150°C for 6 hours. By assaying, it is
observed that 10% of the caprolactam has been
converted, while a red-brown precipitate has been

formed.



f or med. 8 Exanple 2 The cyclizing hydrolysis of 6-am nocapronitrile is
carried out by passing 100 g/h of this conpound and 64 g/ h of water over
200 M (135 g) of alumina at 5 300[err]C. g4\ the reactor outlet, the gases
are cooled rapidly (less than 5 mnutes) to roomtenperature (about

20[err] Q). A cl@agimagieous ammoni acal solution is 10 obtained containing

(chromat ogr aphi € assay) caprol actam and am nocapronitrile in anmounts

correspondi ng thed HRANHSA Y HAPARTIY o d-gindcapraphieMitiel lig of 95.5%
and to a yield of caprolactamrelative to the am nocapronitrile |oaded of

95.5% (i.e. a sehwedddidut By palseaigdd ovagy/el aE aMikelcampsando ahde

am nocapronitrile converted of 100% . Conparative test 2 The cycli zing
hydrol ysi s of G&amgAfncdpmaterr idver 2020 ml dans ¢ aft alymiassiang 100 g/ h of
this conmpound and 64 g/ h of water over 200 m (135 g) of the al um na used
in Exanpl e 2 at3@0W.err]C. At the reactor outlet, the reaction flowis
cool ed and mai ntai ned at about 150[err]C for two hours (in 25 total),
before bei ng cool ed over A e siegstar ukheatemidead@ses  ageucordedir] O .

During this period of maintenance at 150[err]C, the flow then includes a
gaseous rapidly (less than 5 minutes) to room temperature

(about 20°C).
A clear aqueous ammoniacal solution is
10 obtained containing (chromatographic assay) caprolactam
and aminocapronitrile in amounts corresponding to a
degree of conversion of the aminocapronitrile of 95.5%
and to a yield of caprolactam relative to the
aminocapronitrile loaded of 95.5% (i.e. a selectivity
15 towards caprolactam relative to the aminocapronitrile

converted of 100%).

Comgarative test 2
The cyclizing hydrolysis of 6-aminocapronitrile is
20 carried out by passing 100 g/h of this compound and
64 g/h of water over 200 ml (135 g) of the alumina used
in Example 2 at 300°C.
At the reactor outlet, the reaction flow is
cooled and maintained at about 150°C for two hours (in
25 total), before being cooled over 10 seconds to room
temperature (about 20°C). During this period of
maintenance at 150°C, the flow then includes a gaseous

phase and a liquid condensed phase.



phase and a liquid condensed phase. 9 An aqueous ammoni acal solution is
obt ai ned cont ai ni ng (chromat ographi ¢ assay) caprol actam and

‘ami nocapronitrile in anmounts corresponding to a degree of conversion of the
am nocapronitrile of 98. 5@6and a5 yield of caprolactamrelative to the

am nocapronitrile |oadedag g&é’ﬁg smman§§é§§tsa1auléﬂwaéd@b@aﬁﬁeaactam
relative to the anlnocapronl %e converted of only 95% . This solution

contains a preEbﬂtE%Ean (Eﬁ%ﬁéeséﬁabﬁitgaaﬁéﬁ) capEbPhdart)and Process for
separating a lactamfromthe reactron flow obtai ned froma vapour-phase
cyclizing hydrghyfbsaptoaiteilaonht anbentshasaecesponding ntodhatdégree he
reaction flow | eaving the hydrolysis reactor is cool ed, over a period of

| ess than or egfiaboh¢etshoir of- the amlnotappenatnmkefoﬁn?&O@%ra?d:ao

150[ err] C before being distilled, - or to a tenperature bel ow or equal
to 10 SOEerrermdfofechpragastamedglabnvattbeahe amenheaPrOBétéibebelng
fractionated. 2) Process according to Claim1l, character- ized in that
the reaction floaded ofoPé8 td.e-t anpelectiviby Fpwards[erpyelastamo[err]C

bef ore being ) .
relative to the aminocapronitrile converted of only

95%) . This solution contains a precipitate of

caprolactam oligomers.



15 di stilled. 3)  Process according to daim2, character- ized in that
the reactlon flowis cooled over a period of |ess than or equal to 10

m nut es. ordlng to either,f Cains 2 2 ﬁ@gg
char W‘P %%e{?ﬁ% duration of feealeng of the di S%CET atlu};o/nOlc%??er
that is to say the tinme which el apses bgiuegg the reaction flow | eaving the

wummﬂ""aumﬁlﬁ and the actual dis ion, is limted to a maxi num
ferablyy top3QJdsaUlFes séParating a lacthm fPbACERS
accord| ng td ofle bf Clains 2 fo 4, characterized in that the distillation

is carried out yueltildiatelidie oReeNiaeRl Feoind en v pbluife phiasieh e ykad zd myAVENDED
SHEET in the distillation apparatus is |ess than or equal to 1 hour. 6)

Process accor dififiddl ydidl Bl arc afiainditriileed charbletiertizedcdal ithgtof the
reaction flowis 5 carried out over a period of less than or equal to 10

m nut es and t 0 tthd ergesrtatonr e lost Qwasringy e hydsO{lysijsCrieaicdor B&i ng st ored
for a period of longer than 1 hour. 7) Process according to one of Cains
1 to 6, characteydlmsl, iavertha newriddaafadhessedhan erossnafly & 10 houthose

whi ch are obtai ned by vapour-phase cycI|2|ng hydr sis of_ an aliphatic
aminonitrile oftgendiempeatiune kalow qre/dualr ]1.5\/0r f\féﬁ'ecH-tRp

represents a linear or branched al kyl ene
fractionated.

2) Process according to Claim 1, character-
10 ized in that the reaction flow is cooled to a
temperature of from 50°C to 150°C and preferably from
70°C to 120°C before being distilled.

3) Process according to Claim 2, character-

ized in that the reaction flow is cooled over a pefiod
15 of less than or equal to 10 minutes.

4) Process according to either of Claims 2
and 3, characterized in that the duration of feeding of
the distillation column, that is to say the time which
elapses between the reaction flow leaving the hydroly-

20 sis reactor and the actual distillation, is limited to
a maximum of one hour and preferably to 30 minutes.

5) Process according to one of Claims 2 to
4, characterized in that the distillation is carried
out such that the average residence time of the lactam

25 in the distillation apparatus is less than or equal to
1 hour.
6) Process according to Claim 1, character-

ized in that the cooling of the reaction flow is

This Sheet Has B REPLACED
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15 radi cal i from3 to 12 carbon atons. 8) Process according to |
_onﬁl ‘ﬂ“‘ﬂ \Mmﬁ characterized in that the |actamused is chosen from
th 2 St ai ned by vapour - phase lizing hydrolysis of an '

?!Ip a |fkar1nonrtrlle of general 20 foi%ula (I'), in which Rrepresents a
i near al kyl ene_radi cal hay| , + 2 0F 1 r a Psgcess
according to oﬁgrgﬁegl8?25xyg?OQSPégﬁggaéFegfggdQﬁﬁnthggégﬁgilggt%ﬁ\used S

capr o- laCtan]HégﬁfgfiFPd to ai@é@ggE3E§§§ 8et8lydbRdetBal @bMsbeccharacter-

ized in that t ationis rried out such that the average

resi dence timeyafe blie PedglyaBbRelin ot &t plri ANENBEDOREEET than! at hedr.
apparatus is less than or "'equal to 30 mnutes. 11) Process according to

Claim6, character- ized7)n thpabcele heebading sbobad af alaémpelatore

bel ow or equal to 40[err]C before being stored for a period 5 of | onger

than or equal tg) LhHagdcteAVEZNAERNSHREE the lactam used is chosen from
those which are obtained by vapour-phase cyclizing

hydrolysis of an aliphatic aminonitrile of general

formula (I):

[ THIS SHEET HAS BEEN
N=C-~R-NH, _ REPLACED

10 in which R represents a linear or branched alkylene
radical having from 3 to 12 carbon atoms.

8) Process according to one of Claims 1 to
7, characterized in that the lactam used is chosen from
those which are obtained by vapour-phase cyclizing

15 hydrolysis of an aliphatic aminonitrile of general
formﬁla (I), in which R represents a linear alkylene
radical having 3, 4, 5 or 10 carbon atoms.

9) Process according to one of Claims 1 to
8, characterized in that the lactam used is capro-

20 lactam.

10) Process according to Claim 5, character-
ized in that the distillation is carried out such that
the average residence time of the lactam in the distil-
lation apparatus is less than or equal to 30 minutes.

25 11) Process according to Claim 6, character-
ized in that the lactam is stored at a temperature
below or equal to 40°C before being stored for a period
of longer than or equal to 1 hour.
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