"as originally filed" 5 The preparati on of pol yam des by reactive
distillation The invention rel ti nuous process for 10
.preparing polyam des, their ollamﬂm‘@m BWWMEtures t hereof , where
~appropr|ate with other reaction "produ y reacting amno nitriles and,
where appriBtPai¥2%8t her pol yam de’'PB¥Mi ng rmnorrers‘ng‘s? with
water. 15 The pol yam des prepared by direct hydr0|thWWMMHm ation of
amno nitrihgg q%%g g@f’_#ﬁ & pagi+ ons of inconpletel mﬂmﬂm

i nt er medi at es. drates reduce the mol ecul ar WRlght 20 increase
and may have adverse effects on the quality of the pol yani de Thei r
presence is caused inter alia by 1inconplete renoval of the ammonia
‘produced in the reaction fromthe polymer nelt. 25 A possible renedy in
the case of The@réprration obhpelywsidesdbyi vractive déetihdapiesursor
water in anounts which are nuch higher than stoichionetric in order to

shift the reactton—egubrumto—theTegtiretd—protuet—siae—andior to

i ncrease the reaction tines, 30 which is overall an energetlcally

unf avor abl ep)p OCﬁQHé d L ogcr e i he r nt

byproduct s é ecorrrg%ls(?rgl o]?\r@%a}% uctegt§ Aénot%gﬁg%g%é?% eg%r%gé;%\ge |Fsr :
carry éft tRﬁﬁH%%QQQOnPPAY§@¢éﬁ§b|%%hﬁ4¥ﬂ|§ﬂagégerscoN§EqUEh¥twr©%k|ng t he
process tectwdsadty elghorat e.apBhody coOEYWENt]O0pal Thdustrialesolytion is a

si ngl e- phase rocedure for the hydr ol ysi s and. pr¢ folyrrerl zat i on.
products, by reacting amino nitri and, where

appropriate, other polyamide-forming monomers and/or
oligomers with water.

® s |

The polyamides prepared by direct hydrolytic

polymerization of amino nitriles often comprise

portions o©of incompletely hydrolyzed intermediates.

These intermediates reduce the molecular welght

20 increase and may have adverse effects on the quality of

the polyamide. Their presence is caused inter alia by

incomplete removal of the ammonia produced 1in the

reaction from the polymer melt.

25 A possible remedy in the case of a continuous or
batchwise reaction is to use the precursor water in
‘ amounts which are much higher than stoichiometric in
order to shift the reaction equilibrium to the required
product side and/or to increase the reaction times,
30 which is.oﬁerall an energetically unfavorable procedure
and may increase the proportion of unwanted byproducts
or decomposition products. Another possible measure is
to carry out the reaction in several reaction stages,
consequently making the process technically elabbrate.
35
A conventional industrial solution 1is a single-phase
procedure for the hydrolysis and prepolymerization.
However, this requires high operating pressures and
pressure equipment suitable therefor, in order to keep

40 volatile components - especially ammonia - in solution.



However, this requires high operating pressures and pressure equi pnent
suitable therefor, in order to keep 40 vol atile conponents - especially
anmbnia - in solution. -2- For heat and mass transfer in the single-phase
sprocedure a plurality of separate items2of apparatus is required for heat

exchange an [ 5 Th aim of a_npove rocess shoul d be 1L.0 t he
range gng ﬁh%‘% nB8g fmmaﬁ‘?e r ERRPFBRE narfow §0St h&E AT p&%% orm
reaction t|pescewhmehah@mmnaixnymnﬁxsaﬂdzmﬂeontemsodﬁcap@aabmmy,1@0 not

occur. 10 Ite qgl 040 gec%egt e@eb QFLQM_ n to develop a process

for preparing polyam dés which s of starting materials
and energy are less and the coaneX|ty of the apparatus is reduced
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conversion of infernmediates through an advantageous process cont mnth
i nproved reRBvaESdfiens® Bdines sLor iehhakRAF LR RRARFOVHES 55F§c@°@§ |

achi eved byuﬁl%eﬁae%eacftqrorprtqmaés Oty atd eieSant Aelerebi ggrecs oh
m xtures 20 thereof, ere ae&hoprlate Wi th other reaction products, by

reacting anPﬁSdHFFrHPééléﬁd 9P opri ate, other pol yam de-forning
nmononer s and/ or ollgoners with water in a reactive dIStI||atI0n wher ei n

the re ciio pr.oduct ch d fron1th 25 bo%ton1of active
St LIt o hpgarsit USBIERE it SPERFENE; SRTRORIOR ShaTSHRLPE o

appropri at eprothes fbDM/pnépaniag wg@;yamxmﬁqxnwhkcth(ﬂEGﬁU@eprahaced and .
vater. are Lgeeg gl QUi lfs%ora%&segnéé%gfgisr@ngyeﬁw igd out

conti nousl y Racti ve “distid I'at1ons per se are I Ci ent known
fromthe aréampﬂeKQWWnﬂimGhQraﬂﬁ%ﬂﬁtQ$mu§tﬁﬁﬂucaﬂuﬂﬁB$¥?teBym@6ﬁtrast

t‘{e are fewsdegerkptigRs ofard®, t ReMiHe thgnar anef, higbryisessichy
enE 'Inconver31on of intermediates through an advantageous

process control with improved removal of low boilers.

We have found that this object is achieved by a process

for preparing polyamides, their oligomers or mixtures

20 thereof, where appropriate with other reaction
products, by reacting amino nitriles and, where
appropriate, other polyamide-forming monomers and/or

oligomers with water in a reactive distillation,

wherein the reaction product is discharged from the

25 Dbottom of the reactive distillation apparatus, and
ammonia which is produced and, where appropriate, other

. low molecular weight compounds which are produced, and

water, are taken off overhead.
30 The process is preferably carried out continously.

Reactive distillations per se are sufficiently well
known from the area of low molecular weight industrial
chemistry. By cbntrast, there are few descriptions of

35 them in the area of high viscosity systems, in
particular of polymerizations. US 3,900,450 describes,
for example, reactive distillation to prepare nylon
6,6.



particul ar of polynerizations. US 3,900, 450 describes, for exanple,
reactive distillation to prepare nylon 6, 6. 3- The object is achieved by
conbining the reaction and thernal separation technique in a single
.apparatus (= reactive distillati on) ; —-Characterized by a two-phase

pr ocedure d |ng hydr ol ysi s ol rizat This 5 desi gn of cess is
referred to X?FEelsdl af f‘?g‘f" %%e?%’f'%é?i‘gg %?anﬁ?@g 5f eq‘ﬁ?cgment
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required product of 0 rs and polyamde. This integrat process
control w t icddtilakdes ph@d@é@afﬁ@ﬁ?c’vaﬁxﬁ@?&?ﬁs Ph i*EaIDMeRE alysdd heat

and mass 2Q Ad ansfBimd t hyhEghe rexargatd s ef fhesRgYsWhbgh isudgpIrEover
characterized by rapid heating of the precursors and honbgeneous m Xxi ng

thereof . ThEXHSi-on can be carried out under autogenous pressure. 25 For
the present reaction system the countercurrent flow of prepolyner and the
reacti O?Oprg[ uct anmmoni a w th_the conti.nuous rem)va.l of, ammoni a

via the Phedf pPEaEP LFr cﬁﬁocf%éjure?’anﬁ% SESRAT or 2BuBBI & ot ifm,
ensures ver yanlobvwammnaaecoﬁ&cénistbndme BOper otdadtfs @f the aypamat.us whi'ch
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has been foun a € proc according I'nventron results in
hi gher converdieans ¢anr égeinr di¢ enriched in the top of the column

‘ and taken off, while the high boilers in the bottom
15 product comprise the required product of oligomers and

polyamide.

This integrated process control with continuous product
removal results in ideal, parallel heat and mass
20 transfer with higher exergetic efficiency which 1is
moreover characterized Dby rapid heating of the
precursors and homogeneous mixing thereof. The reaction

can be carried out under autogenous pressure.

25 For the present reaction system, the countercurrent

flow of prepolymer and the reaction product' ammonia,

' combined with the continuous removal of ammonia via the
overhead product from, for example{ column or bubble

column, ' ensures very low ammonia contents in the

30 products of the apparatus which contain amino nitriles

substantially converted into required products.

It has been found that the process according to the
invention results in higher conversions to requiréd
35 product'than without continuous removal of ammonia via
the overhead product, which shortens .the reaction time
and reduces the formation of unwanted secondary

components.



35 product than w thout continuous renoval of anmonia via the overhead
product, which shortens the reaction time and reduces the formation of
unwant ed secondary conponents. -4- The reaction can be assisted by
.enpl oying any suitable catalysts whichy speed up the hydrol ysis and/or
condensatiQfmgPrefegred catalysts are thge mhiah .ei t her can.ge hntroduced
'n ol id Tob} aRBREbnSBq et IFF 55 BAETT54 bRY ERBVEY Fifhorf thes FbaaPHEd
product, orcatskystase piteisent apeedatiwg ortheart bydirofllys isol uand/dhe
invention r . pr ef erahl ont | p ess.for. th rolytic
conver si on %#géﬁﬁ%%g%g?fiIgggf%%r¥9§o(%%¥¥§#55% a%g%or§¥¥§&%regﬁgégrs and,
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anmoni a whi ¥ I BEPFORLIcRE CapBingherePappf opfi hbhe, CRAEBR-t 0 be di scharged
as gases. The reactive distillation apparatus preferably has a plurality
of theoretical separatjon stages. In_a 20 preferred enbodi nent of the

i nvention, WPl atE O M, THtABER P urdr orPiR %éb&ﬁvwﬁ?nEﬁWﬁﬂﬂsis

enpl oyed asproe@ss i ¥6r dthei hyadrboptappaoates.silon PAataniond unhsraresused,
the am.no nitrile ii 25 %refergﬁly metered onto an internediate plate in-
t he u&@erﬁﬂﬁ? oP° H@méglunﬁn 2" aniid nitTTTE It fﬁﬁﬁg. utiae egravity
downwar ds tdpmugdr dtee appaf @t tse and, poyamide t v smim@actsonont | namdsly with

wat er. The offﬁ?ﬁéf£mhﬁ¥§mﬁ%fy%ﬂf&éP“OUSly rises upward, owwng to 30 its
nd | ied.

vol atility, a S recti e precursor or mxture of precursors is
preferably nmetered in as a liquid, or part is fedin as aliquid
. It 1is possible to employ as reactive distillation

15 apparatus all suitable apparatuses which allow the
reactants to react and the ammonia which 1is produced
and, where appropriate, water to be discharged as
gases. The reactive distillation apparatus preferably
has a plurality of theoretical separation stages. In a

20 preferred embodiment of the invention, a plate column,
bubble column or dividing wall column is employed as

reactive distillation apparatus.

If plate columns are used, the amino nitrile 1is

25 preferably metered onto an intermediate plate in the

upper part of the column. The amino nitrile then flows

. under gravity downwards through the apparatus and,
during this, reacts continuously1 with water. The

resulting ammonia continuously rises upward, owing to

30 its volatility, and is rectified.

The precursor or mixture of precursors is preferably
metered in as a liquid, or part is fed in as a liquid
and the remaindér, e.g. steam, is fed as gas into thé
35 apparatus. The latter variant has the advantage that
the vapor can additionally serve as. energy carrier.
Steam 1is frequently available as energy carrier at

reasonable cost.



and the remainder, e.g. steam is fed as gas into the 35 apparatus. The

| atter variant has the advantage that the vapor can.. additionally serve
as, energy carrier. Steamis frequently available as energy carrier at
ireasonabl e cost. -5-- The apparatus is 5pr_ef erably designed so that the

t her mal |l ibrium.is_substanti al dep endj ng i dence
tinme, on th ¢ eafPBRTRRhBFoetfcalPt e[ﬁ/ea?ag%l coﬁf%mtéﬁgl ogéﬁ 51f a
di vi di ng vvattlhemahwmqolilabrapmar:aet umbpeaatwglgn settheagpy | depphdinl a

di viding wal | urmls ond S aratus ~PosgLbl [ ,unwant ed
or want ed corrpo ent es[J_cF%P |§Cclhar ‘ged " as |%nt errrf?f-é1 |a§e bgiﬁ ]g?gtig %’md i f
required, retateedinrsiddethppaciuns empdnyeder point. This procedure can
reduce Ilsosses of starting materials. The precursors can, if required, be
preheated through 15 the overhead condenser. An outline of this type of
the princi pf€ af diNédppgcessll LB nGLt 1t FEHAFREMS FPeBaBHBGNONN t he

drawi ng of tifd g rinczglgl of B OK{dNegohadlr edtinne idl diplsyd@naprocess
for am no nltrl?es to polyam de by yse of a plate colum.” The meanl ngs in

this are A 2PREFFo1% trH:e 1B BESSHP diftfoniHWanteds pp| yHuaREed

pr elool ymer . codlq.’ooﬂié\ﬁtsflddldl mlal H)isbﬁ%l’rgfe@mdst h@htlbblﬂﬂlbﬁﬁa@@:c umaﬁléaah be "

enpl oyed as_alterpative.to plate colu rticularly prefera en the
Vi scosﬁtgy ot $het B0 FIV AR de Heﬁ“{ (gnf?oﬁ‘ﬁﬁr(?@@@tral graetat@?o%ﬁﬁﬁ about

150 nPas, spaoiet caKihhg oprstatiuaear gapartesdwie t l@sses of starting

materials.

. The precursors can, 1f required, be preheated through

15 the overhead condenser.

An outline of this type of the principle of the process

according to the invention is shown in the drawing of

Fig. 1:
20
Fig. 1: Outline of a reactive distillation process
for amino nitriles to polyamide by use cf a
plate column. The meanings in this are A:
amino nitrile, D: steam, N: ammonia, P:
25 polyamide prepolymer.
. It has additionally been found that bubble columns can
be employed as alternative to plate columns

particularly preferably when the. viscosity of the
30 polyamide in the bottom product is greater than about
150 mPas, since caking on stationary parts of the
column may then occur frequently. The feeding of
precursors into bubble columns should take place at
approximately the same positions as in a reactive
35 distillation column, which means that the precursors
are metered into the upper part of the bubble column.
In order to reduce back mixing inside the column, the
columns can, 1if required, be equipped with internals

known to the skilled worker for reducing back mixing.



colum may then occur frequently. The feeding of precursors into bubble
colums shoul d take place at approximately the sane positions as in a
reactive 35 distillation colum, which nmeans that the precursors are
.nmetered into the upper part of the bubly e colum. In order to reduce back

m xi ng i nside the colum,_.the ms C ed, be d with

ini(lerga: s I%‘uo Stob?%ré sﬁaqr}%d%gﬁgﬁrf g{h?%dd‘&ﬁ: C{S“a ﬁgﬂéwgg \IN!t has

been found pelkever inhat the rapparagusatr@lsyﬂits pBIh| amfomm dde apg@ar at us

results in Pp%&ﬂ%rrfggé fﬂdth ggigmgl owin the colum. 5 Ammpni a reduction
can

in the nelt e additionally ~assisted by stripping with inert gases
(such as nitrogen). For this purpose, the gas is passed into one. or nore

plates, sor Afmdhea Ca§@d@$t?&§b|§n00&l¥@“%é‘it ONEan Of LEOT £4ADE S Bﬁalﬁ?%
swtabl e devices. 10 Is possible to enploy as amno nitrile 1n principle

all anino A3$i¥iead V\FIVch SRR IEGhp IS whileRtha®@sesot h(HHCh ead$ one

ani no group efEb@én) easéroam@ygu@pogéoumheAr@aw 1t§1q§@ssevﬁ aﬂhﬂ@ Bhériles
are preferred, 15 eng ¥| ng from %tr'_rlong?the lf? m tlcu ar w

am noal kyl G {P7RsPLaVTRg 471 37126 SeoHs Of (IERNS GrLfBRaMTY 9hfo o C
atons in ther ahkye emeinasl clay, soitalabe adénbakkyl aryl nitrile having 8 to 13
C ato in which case those having an al kyl spacer with at | east 20 one C

atom bétween the aromatic units and the am no group and cyano group are
preferred. Fariscpbasipleprtef el and foamkpbamnylt niilter iirespaircipbse where

the = amno HiPUBn3Rd GYAEP; BEouP s ehabh¥eldodgbinds RASIH Méve 2°
Further preference is given f oylng I near
both at least one amlno group and at least one cyano

" group. Among these, w-amino nitriles are preferred,
15 employing from among the latter in particular o-
aminoalkyl nitriles having 4 to 12 C atoms, further
preferably 4 to 89 C atoms in the alkylene radical, or
an aminoalkylaryl nitrile having 8 to 13 C atoms, in
which case those having an alkyl spacer with at least
20 one C atom between the aromatic units and the amino
group and cyano group are preferred. Particularly
preferred aminoalkylaryl nitriles are those where the
amino group and cyano dgroup are relatively in 1,4
positions.
25
Further preference 1s given for employing linear o-
. aminoalkyl nitriles as w-aminoalkyl nitrile, where the
alkylene radical (-CHz-) preferably_pontains 4 to 12 C
atoms, further preferably from 4 to 9 C atoms, such as
30 5-amino-l-cyanopentane (6-aminocapronitrile), 6-amino-
l-cyclohexane, 7-amino-l-cyanoheptane, 8-amino-l-cyano-
octane, 9-amino-l-cyanononane, particularly preferably

6-aminocapronitrile.

35 6-Aminocapronitrile is normally obtained by
hydrogenating  adiponitrile by known, processes, for
example as described in DE-A 836,938, DE-A 848,654 or
UsS 5,151,543.



am noal kyl nitriles as w am noal kyl nitrile, where the alkylene radical
(-CH2-) preferably contains 4 to 12 C atons, further preferably from4 to
9 C atons, such as 30 5-am no-1-cyanopentane (6-am nocapronitrile),

. 6-anmi no- 1-cycl ohexane, 7-am no-1-cyanopeptane, 8-am no-1-cyano- octane,
9- am no- 1- cyangnonan particul arly preferabl nocapronitrile. 35

6- Ani nocapr ohi t15irl €% sSCRUFRRYK | Aot AP Pt Bye ﬁ?dl’e(%gr%)f 8 XBYFBnPtril e by
known, proceeseSalf (Hmlrfdr&xn&ﬁﬂ% desefiixretdsn OF- An83mO38, nDErA1848, 654
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conononer s, migtuegadplfénedprial aettamlobetlbe. m xture defined in detai

bel ow. Exanpl es of ot her pol yan de-form ng nononers which can be

enpl oyed are di carboxylic acids such as al kane- dicarboxylic acids having 6
to 12 carboBxampiss iof Qe chrarapide-forsanpgomonanass swehcas cadi pic

acid, 10 pigeli&ngtfedSUDLEi G ACd fhodzel @l GAWd dusebag ca1aghd- and
terepht hali¢c acid and isophthalic acid, diam nes such as

C4- C12- al ky@HFéﬁPﬁéglan ?)‘é%‘fl?c&aa‘fln%a\ﬁ ng°4 to FBYbn &ftWee, dbch as
hexamet hyl epgrt deankpe,6 t@csratretdawbmeohﬁmswe @ﬁcacw&@yﬂaﬁaedb&m ne, 15

al so &Ty%yl yl enegl am ne,  bi s Ah[ﬁ m nophe Lﬁ ' e :
bi s( 4- aM noBHBRYES prfpive o ]%l(camaﬁé ycl%ﬁ‘:é ?1'? arfé]t‘i"'nar?é:, _. ﬁﬁa i<t ures of
di car boxyl |acad; dsaadd teiraphteslieachadint ashdui tadpethabbenatcads in
relation %F gnot hg bgg agv 1t2agf§yf%l car%%he eggl vsagggczgar atio. It

is al so p055| 0 errp?oy sal t % of**sal xyl i Cactrds an i 'am nes,
such as helkankngylenddi afnoaiuhradi P=ames, hexaiet Byl ehexamethylene-

" diamine, tetramethylenediamine or octamethylenediamine,
15 also m-xylylenediamine, bis(4-aminophenyl)methane, 2,2-
bis (4-aminophenyl)propane or bis (aminocyclohexyl) -
methane, and mixtures o©of dicarboxylic acids and
diamines, each in any suitable combinations in relation
to one another, but advantageously in the equivalent

20 ratio. It 1is also possible to employ salts of said
dicarboxylic acids and diamines, such as
hexamethylenediammonium adipate, hexamethylene-
diammonium terephthalate, or tetramethylenediammonium
adipate, hexamethylenediammonium terephthalate, but

25 especially the salt of adipic acid and hexamethylene-
diamine, hexamethylenediammonium adipate (called AH

' salt), as constituent of a mixture with amino nitriles
and/or lactams. )

30 Dicarboxylic acids which can be employed are aliphatic
C4—Cro-0,w~dicarboxylic acids such as succinic acid,
glutaric acid, adipic acid, pimelic acid, suberic acid,
azelaic acid, sebacic acid, preferably adipic acid and
sebacic acid, particularly preferably adipic acid, and

35 aromatic'Cg—Cm—dicarboxylic acids such as terephthalic
.acid, and Cs-Cg-cycloalkanedicarboxylic acids such as

cyclohexanedicarboxylic acids.



di anmoni um t erepht hal ate, or tetranet hyl enedi ammoni um adi pat e,

hexanet hyl enedi ammoni um t er epht hal ate, but 25 especially the salt of adipic
acid and hexanet hyl ene- di am ne, hexanet hyl enedi anmoni um adi pate (cal |l ed AH
.salt), as constituent of a m xture wthgam no ni triles and/or |actanms. 30

Di car boxyl i aC| ds whi cap b | oyed are a ati C

co- di car boxylti ¢ Sad UL Jg%c% g% §m8ggx )Sl‘ Sadt'd®” afu arlrga‘z"iltcz‘iléll &aél%pllg aci d,
pi nel i ¢ aci éarbober i gtamsd, tmm@mmdm,c a@ﬁ@tame@frml&lmley adi pi c
acid and I; 6, aCl : rab [ 5
aromatic 0863%31 °ear gie}p%%tg%i%gé%t&hfég telrh ég%th %é%l %‘Pﬂn

C5- CB- cycl oQICPééﬁ\@@Méﬁ@@@Halml@&am droraRet mgl e%%%@h%neénéar @@f@;ﬁl-l c

acids. -8- hbthy1ReeSiRkE d PHRIRL A A Nk U iH A Hd ihthd 0 10 carbon

atons tetranet hyl enedi am ne, pent anet hyI ene- di am ne; hexanet hyl enedi am ne,
hept anet hyl enedi am ne, oct anet hyl enedi am ne, nonanet hyl enedi am ne and deca
> nEthyleneduaghaeadwdﬁmit&dye@exaeathMienﬁd+@ﬂ¢p£nob£ta@éatbalgbnltrlIes

h 1, 4-di but I 1, 5 di t
L6 i yanoReranas 1. 11" ar eI aiBREBRITEnSY b la ey ArGsePaREane 1, -
1, 9-di cyanodmnaaephé@thnbo dleﬁepamocpaméj cu[LaBl—yilpyahem@lmlayleadl po- -
”'tf"gtqaf% %6Qd9§§gn%%e%a C2- %%rQE@ 'Qﬂ? %re%e a%q OS%‘gl
0 “Hitr rom

desire usée dra es an anm'no |tr| erlve

br anched 1Blalrk)lleen@geomml)@ly@@e§501a,a}-l@l-§uyl@ms:ruJte is possible to
enpl oy as a, w C5-Cl2-am no acid 5 am nopent anoi ¢ aci d, 6-am nohexanoic
acid, 7-am no- heptanoic acid, 8-am nooctanoic acid, 9-am ngnonanoic 20
acid, 10- amIﬁodééanéilésoamRPSSllP]eﬁn nbfindeeahbre atPd UAAd diamines,

&am nododgganeirs 1aei danfr eéx@iﬁ@' Yn O 2 O h¥NGied  &Gicth btahghabso
Si bIe to ?QB!L an;cl) sui t

r arfienes or alkylarylenes.

It is possible to employ as a,0-Cs-Ciz-amino acid 5-
aminopentancic acid, 6—aminohexanocic acid, 7-amino-
heptanoic acid, B8-aminooctanoic acid, 9-aminononanocic
20 acid, 1l0-aminodecanoic acid, 1ll-aminoundecanoic acid
and l2-aminododecanoic acid, preferably 6-aminohexanoic
acid. It 1is also possible to employ any suitable

mixtures of said compounds, diamines and diacids.

25 Further suitable starting materials 1in the process
according to the invention are mixtures with amino

. carboxylic acid compounds of the general formula I

HaN- (CHz) n=C (O) R o

30
in which R! is -OH, -0-Cj.1;-alkyl or -NR?R®, where R? and
R’ are, independently of one another, hydrogen, Cj-12-
alkyl and Cs-g-cycloalkyl, and m is 3, 4, 5, 6, 7, 8, 9,
10, 11 or 12.

35
Particularly preferred amino carboxylic acid compounds
are those in which R! is OH, -0-Ci—4—alkyl such as -0-
methyl, -O-ethyl, -O-n-propyl, -0O-i-propyl, -O-n-butyl,



m xtures of said conmpounds, diam nes and diacids. 25 Further suitable
starting materials in the process according to the invention are m xtures
wi tth am no carboxylic acid conpounds of the general formula I H2N- (CH2)
.mC (0) RL (1) 30in which RLis O -0-Cl_12-al kyl or -NR2R3, where R2

and R3 are_ %yggggﬁgg%@t I y_@f EQPﬁ g@g&?erﬁl@ydrwgn 15%}%}%2 aééall k_é\jH and

C5_8-cycl oal

particul ar| yNites erWéEtanrNUecaﬁﬂb@xyNE*@zra@nﬁ G@rﬂﬁomﬁ‘rds are those in which
Rlis OH -0OCl_4-al kyI such as -0- nethyl, -0-ethyl, -0-n-propyl,
-0-i-propyl, -On-buty -9- -0 sec-butyl, -0O-tert- butyI and - NR2R3 such as
- NH2r -NHI\)éerYNHEtrtLCN‘J@Z aRBeLREEDFCANE nUi¥es. Ofer O~ pBERPEAPEPIC

preference asigj vmeth9166a&ma@©@@rp@o@te5 asd el n@té}win&c@m@@@@preate
et hyl 6-am noca m no t hyl capr oapi inrret hyl -

capr oani de, @B rlﬁd“?\@éﬂﬁf‘eﬁﬁ?ﬂéﬁfed 6- am no® I\F“Nin%h@ﬁll;i?tﬁﬁ%?é de and
6- am nocaproaproemid®, The &{aanmm-mrimgmmdmmmrmarhhyoww#abl e or

can be prep , iscl: i A 0 234 295 and Ind. Eng.
Chem Pr oce@isg%gi.géggsglﬁhg(ig%g éﬁ&gggggﬁlﬁg%ol yam de-form ng nononers
preferably enployed are amno nitriles as well as water, particularly

pref er afy 1 @ SElAl f Al LBnbBubB 2Pg° JdiBrksary) ¢ ﬁv%%a%%edopn the -

conpl et'e process. Barticul ar rence is given i i's connection to 20
ani nocapr onf&?i o WwERPaReACN Eopatenmprdis .o of Hisclased 6ipn EReRtonpl ete

process. Itgiz34l 395 pessd blrad.0 eABl. OycREm POl ydBdes f @f®.Ngpev. 17
(1978) 9-1e6.
‘. 15 The polyamide-forming monomers preferably employed are
amino nitriles as well as water, particularly
preferably in a molar ratio in the range from 1 : 1 to
20, based on the complete process. Particular
preference is given in this connection to
20 aminocapronitrile with -an ACN : water ratio of 1 : 1 to

6 in the complete process.

It 1is also possible to employ as polyamide-forming
monomers mixtures of
25
1 to 99, preferably 20 to 99, in particular 50 -to 99, %
. by weight of amino nitriles,

1 to 99, preferably 1 to 80, in pafticular 1 to 50, %
30 by weight of lactams and

0 to 49% by weight of diamines and/or dicarboxylic

acids or salts thereof.

35 It is also possible to employ mixtures of polyamide-

forming monomers and oligomers.



mononers mixtures of 25 1 to 99, preferably 20 to 99, in particular 50 to
by weight of amno nitriles, 1 to 99, preferably 1 to 80, in

99,

parti cul ar

%

1to 50, % 30 by weight of lactans and 0 to 49% by wei ght of

.di ami nes and/or dicarboxylic acids orl&atts thereof. 35 It is also

ossible t b xb AL o] 1 de- i L goners.
poSSi O AT QY y Sth X & & Eérﬁinﬁelrnéﬁg}n ggrgg{e;ﬁeg%pt{igc%&féw 2k 9

-10- The

pal yam de-form ng nono

pre ed are, _beside

ami nocapr oR§$ide, EMINGFARTR it act adh  aRaABE FREXaneR PR B3R ERBMDNI um

adi pate ("Athsadt "NexdmdtieyI&asdi HinRluReagapated (opti sa1the, presence of
Bronsted acid catal ysts. Heterogeneous Bronsted acid catalysts are
preferably enployed. Suitable catalysts are in general besides

nor eover

many acbdi cThd 0 reatcalipst scdrsdre bed rirdettheolitt errat whe puebease phsphoric

acid etc., érqupsatr

selected from a

e G S R P

bed cat al ystatwhli it c o siereseentpferadl i @@plsyedth 70 to 100% anat ase
and 0.to 30% rutile, in which up to 40% of the Ti Q2 can be replaced by

tungsten oxi de,

use correspoHdiaiyt : :
The hef gr ogeneouss«cat alksts 16 bejhnt rgduced jicRtQ tthe f’inéEf‘}t us, 4 or
exanpl e as sus

ordered or B

present coajsrhlorstl St IBdBiabdn ddiei waldtsa 0fstdhe sappaiad ussr that

r enoval frci)ng3

15

20

25

30

35

nsi on, sintered onto . Packi ngs or as aqptional

he r

are preferably enployed. It is possible, for exanple, to

i cptaRgshipdidticcat P oAenavaill dpeeideédnmmEnyntdcidipe S150).

y coated

LiC caf @l st Sf&cki ngs! or PRALEFHAPS. TIRAETRIETIAAS be

o

éa—zeéif%é‘”é&?éﬁ%%%ﬁ ISsheet silicate catalyst or a

fixed bed catalyst which consists essentially of TiO,
with 70 to 100% anatase and 0 to 30% rutile, in which
up to 40% of the TiO, can be replaced by tungsten oxide,
are preferably employed.

It is possible, for example, to use corresponding TiO,

modifications available from Finnti (type S150).

The heterogeneous catalysts can be introduced into the
apparatus for example as suspension, sintered onto
packings or as optionally coated ordered or random
catalyst packings or internals. They may also be
present coated or distributed on the walls. of the
apparatus, so that removal from the reaction mixture is

straightforward.

The water concentration on the majority of the
theoretical or real plates located underneath the place
where the amino nitriles are fed in reaches very high
concentrations (high boilers : water molar ratio about
1 : 4 to 1 : 9) so that, even if the components are
metered stoichiometrically into the apparatus, water
may be present in more than the stoichiometric amount
inside the apparatus itself, which may shift the
reaction equilibrium to the product side and increase

the rate on which equilibrium is set up.



straightforward. 30 The water concentration on the mgjority of the
theoretical or real plates |located underneath the place where the am no
nitriles are fed in reaches very high concentrations (high boilers : water
.nmol ar ratio about 4tol. 9) so tllat even if the conponents are 35

1:
netered storghi Oﬁehﬁkeakhxei nferthﬂué‘Pl}%Fagttli%n W@hght MY DSe Pr N
m)rethantE stoichionetri¢ anount _inside the apparatus itself, i ch may
shift the chtCi ont@qui $¢Hrfum BFaferaploductO8i detand 2ereas@nd,he rate

on \Q/hi CB eqmﬂritgfccﬁull@rlg.%loscpfeﬂ@r?ﬂiy lﬁng ga{)ez-%%uceihgrtﬁ@e r{é%%‘i:ltl'o%r ought
to be about _1 0 .. preferably 0 and, particularly
preferably ??6% o°%70@?n IHE M ac b parttof $He dHHﬁﬁFi)?e%%t 5h¢ to say

under nedi h plechrpoecur sdreeledd-, i n, depending on the watere COI’\},(‘aQ@][rr ation,
t he residen i use.,of catalysts  and the starting materia

CoNnposi t i OnEngggﬁggtﬁ{ir%&,i g:rrll.e r§flsnlcde€¥nace’t erpatat e 'd?sdpgntca&'@aéﬂs&ﬁs al ong
t he col um- ahdk & hgpseattuis)g tiaet ¢ Bl r adnpes at ioheotopoace natrattien .10
bottom may dihfer 5f rm nddongd, < Thes t WPz phasg progedur e al | ows
the pressure | evelal tne essa{t\r{g#gﬁﬁg&{rgactl%lnéﬁ% %ie)o}? dgggd SfETit s
unnecessar yli§ekédpagadatius ebastripenasurs tate theuiterimiphast, ths with a

si ngl e-yhaspBopEBfEfedillirelrs £ rBRekBEr €d 1005 MRheli%AlRE autogenous pressure
of the systemto be set up, depending on the tenperature. This is about
10 to 60 bar. The conplexity of the apparatus is reduced through the

i ntegrationThé teabrbbalse20 papeiaaiirens Sudvas feat gpdspass tnamsfer into
one and the_ sane agpaﬁr atu Wth a.lar nber of theoretical pliat es, the
5

) e n
flow profil&“of>the I15% igh%hgseélcl Yhe %pgﬁreﬁ UCHPr Sa0Es 1t is

unnecessary to keep gaseous constituents in the liquid

. 15 phase, as with a single-phase procedure. It 1is
preferred for merely the autogenous pressure of the

system to be set up, depending on the temperature. This

is about 10 to 60 bar. The complexity of the apparatus

is reduced through the integration of technical

20 operations such as heat and mass transfer into one and

the same apparatus.

With a large number of theoretical plates, the flow
profile of the liquid phase in the apparatus approaches
25 ideal plug flow, which results in a very uniform range

cf residence times in the apparatus.

Unwanted or wanted precursors or byproducts with a
'
boiling point between ammonia and the polyamide
30 prepolymer can be discharged through a dividing wall

column.

The resulting required product has a molecular weight
which can be adjusted within wide 1limits and which
35 differs, and properties which differ, depending on the
residence time in the apparatus, the process
temperatures, the pressure conditions and other process
parameters. It is possible if required to follow the

reactive distillation by further processing of the



25 ideal plug flow, which results in a very uniformrange of residence
times in the apparatus. Unwanted or wanted precursors or byproducts with a
boiiling point between ammonia and the pol yam de 30 prepolynmer can be

.di scharged through a dividing wall collgm. The resulting required product

has a mol ecydueei ghio vﬁw?&@and@&@gawb%ed%thl Br %tllle@ts B which
35 differs, and properties which differ, depending on the residence tine in

t he apparat&?sutﬁénﬁkd@%%%am%%%péﬁﬁtuﬁg§f ?%%mBF%SSGFb‘€%%EFQ|Bﬁskéhd ot her

grocelsls pammb?rss r]:hbwlns pegsi bkg idsrefpicetbé® fiol | addiel, rdqaﬁtlvg
istillation urt her ocessi the 12 r uct just desire

pr oduct proﬁéF%P&? 'ﬁﬂaﬁgEéuiﬁigg 3§PygﬁFﬁﬁfé§n, égaﬁﬁlgagﬁé “or ked up
by net hods likeown .per se, as described in detail, for exanple, in DE-A 43
21 683 (page 3, line 54 to page 4, 5 1line 3). In a preferred enbodi nent,

the content of cyclic dimer in the nylon 6 obtained according to the
i nvention can aerfefeesdr edbeddmpptexthactdangarite ol ogcllicstdimierth 10 an

aqueous soIg%lg%éﬁn§¥wﬁogagbgghﬁgg %@@3y§¥yglﬁb y&éhlﬂgggﬁ%ggdg%@ o

subjecting it to gas-phase extraction (described In EP-A-

exanpl e). TRE IBWEhH eEffdFedeitghtexoratt tn@ntser extiian n§ifsbmwittibs

after-tr@at @Bt ageE6isass6apt PbACt @M b idadddieararnd subs ee@&rta
irst and/ or second and/or thlrg stage

ol i goners, can, be return(f t f
The process "aE8olGitRS 30 4ﬁ¥|§ﬁhﬂﬁ??ﬁPQSlH|§?lﬂ@ﬁl? 8d¢ ByFtCaGYioRg out
the reacti orideenlrubadusm, H:IheAe@st%zlof 9630 €ner gyxamslle) ar tTHy materi al s

bei ng reduc%gl%gd the app tus belggggegﬁaraé%%gbéiunconPI|cat%% The

conti nuous ftenova Of pro |ﬁ8?3
after-treatment, such as caprolactam and its linear and

" 15 cyclic oligomers, can be returned to the first and/or

‘second and/or third stage.

The process according to the invention is distinguished
by carrying out the reaction continuously, the costs of
20 energy and starting materials being reduced and the
apparatus being comparatively uncomplicated. The
continuous removal of product increases the conversion
and the reaction rate to give the required product by
comparison with the batchwise process and, at the same
25 time, byproduct formation is reduced. The process can
operate more cost-effectively and provide a product of

' higher quality than known processes.

The invention is illustrated further by means of

30 Examples hereinafter.
Examples

Experiments carried out in a pressure vessel and
35 describing the course of the reaction are described as
examples. Examples which indicate the use of suitable

columns are additionally mentioned.



and the reaction rate to give the required product by conparison with the
bat chwi se process and, at the sane 25 tine, byproduct formation is reduced.
The process can operate nore cost-effectively and provide a product of
.higher quality than known processes. -TA& i-nvention is illustrated further
by nmeans of red@tE¥anEkampi@isei Nafter. Exanples Experinents carried out in
a pressure vessel and 35 describing the course of the reaction are

descri bed as exanpl es. Exanpl es which indicate the use of suitable colums
are additi orahtyigantikanede R -(JRAGH QM ERGILS ng)Reacti on Exanpl e R1
(conti nuous ~a_reaction m xture of amnocapronitrile

assi n : 1400, of
and 5 vvate}gﬁﬁ tgneoﬂz)faarr?aa‘ﬁb MiZCRERe Ot | FPHLGEPER]DEL FALE 2nd t er

pressur & vesaekrwihhtheatralgn acdteito and: anecdoe stirred. athesadttogenous
pressure set u S, 4 ring the reaction tinme of .3 hours, ter was
cont i nuousl %/ f%dmﬁ\?%lst ﬁg]?%s_e%%%r aam mats""sﬁ:f}‘ll oW ard 9 0 I5F (j‘P\ga A
mater/annnnﬁachbxt@ﬁenMﬁiJiRb&l@@tOG@nppﬁummﬁqswﬁschatged:fwma1mBe gas
phase throughran ppue(d | (E?Ievall:é(§ct18?acﬁﬁ'rr%n Sxampl f,R2( Cqid uoys o
degassing) : 15 1400 g of a reaction m xture of am nocapronitrile and
water in thE°RbFARORALY0 fRd DRBOWERE f9aGtaF adt 280@ass &lov| irese
pressure vessel 19bt hgheat i ng n@@&_@/ﬁmﬂonp@d}ﬁix@&tére&:asThEi%mg%nous
pressure set up,was efr. During the reaction tine of 3 hours, water was
20 cont i nuoBSPyLIFRAYF AY 0 FRENAEAGDr L8P a thigs sI3F oRDASEe thfoudd grn. A

wat er / ammonoae Af xbureabas .l i kew se '

Reaction Example R2 (continuous degassing):

" 15 1400 g of a reaction mixture of aminocapronitrile and
water in the molar ratio 1 : 0.8 were stirred at 250°C
in a 2 liter pressure vessel with heating jacket and
anchor stirrer. The autogenous pressure set up was 27
bar. During the reaction time of 3 hours, water was

20 continuously fed into the reactor at a mass flow rate
of 100 g/h. A water/ammonia mixture was likewise
continuously discharged from the gas phase through an

overflow valve.

25 Comparative Example Cl (batchwise):

1400 g of a reaction mixture of aminocapronitrile and

. water in the molar ratio 1 : 4 was stirred at 250°C in
a pressure vessel with heating l;acket and anchor

stirrer and with the reactor closed. The autogenous

30 pressure set up was 48 bar. The experiment lasted 2

hours.

Comparative Example C2 (batchwise):

1400 g of a reaction mixture of aminocapronitrile and
35 water in the molar ratio 1 : 1 was stirred at 250°C in
a 2 liter pressure vessel with heating Jjacket and
anchor stirrer and with the reactor closed. The
autogenous pressure set up was 33 bar. The experiment

lasted 200 minutes.



continuously discharged fromthe gas phase through an overflow valve. 25
Conparative Exanple O (batchwi se): 1400 g of a reaction m xture of

am nocapronitrile and water in the nolar ratio 1 : 4 was stirred at 250C
.in a pressure vessel with heating jackeét -and anchor stirrer and with the

reactor cl oge@. EdEel’Hi’nz Lgsngem@mtﬁatprtefé%@nﬁ@fsu@nw@% %S_r?b@rf-icmﬁ A f
experi nent e ative at chwi,se): g of a
reaction m >l?t1t9 %%ﬁﬁ?&%?% aﬁgﬁlgge%agirl PReERe lr?ﬁl)r§rasre§ti o1:
1 was stirr edeat 325063 ione-stadd t eempreaiswie i[@BSE+bMi1ﬁn@ea'teia|¢gle®Cket and
anchor sti r r t £ 0s T sure set up
was 33 bar. heﬁgg’gerlgge % #%’ﬂtc r?i'ﬁ%‘g% n“?(%ﬁ té]lecﬂ%uén?ﬁ Qﬁ‘x % ®&how t hat
the conversiToasi sesfent f iicant b§ doghee, amiarhegpeapert iion ar[eakutglver
oligoners i B(i 583585+ i B iR mAndN e gﬁgg{@l wer - boi ling reaction
products by a conti nﬁous éoun%nergzﬂrrent%'\;\nt wat esrtoafg'sé#hls effect is, of
course, even greater in reactive distillation with many rectification

stages. | s~ a) UOto. MIO1 z U 1-4U a) ONNLf) O-. -+ ao N
o U
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a) O a) w zAapWale. .colunh With 34 bubblleHplates RasGpbabed with

10

20

25

30

35

a system pressure of 30 bar. 10.1 kg/h amino-
capronitrile were metered onto plate 29, the plate
below the top one, at 250°C. 2.5 kg/h of steam
superheated to 300°C were fed in onto plate 2. The
hydrodynamic residence time of the reaction mixture in
the column was 2.3 h. The resulting overhead product
was ammonia with a content of 0.1% by weight of water
at about 70°C. The bottom product was a nylon 6 pre-
polymer with a water content of 8.5% by weight. The
content of water on the plates below the feed point was

up to about 50% by weight or, converted, about 80 mol

oe

Column Example 2

A plate column with 30 bubble plates was operated with
a system pressure of 30 bar. A mixture of 8.4 kg/h
aminocapronitrile and 1.5 kg/h water at 250°C was fed
in onto plate 29, the plate below the top one. 2 kg/h
of steam superheated to 300°C were fed in onto plate 2.
The hydrodynamic residence time of the reaction mixture

in the column was 2.8 h. The resulting overhead product

was ammonia with a content of 2% by weight water. The
bottom product was a nylon 6 prepolymer with. a water
content of 8.7% by weight. A forced <circulation

evaporator was located at the foot of the column.

Column Example 3

A mixture of 5 kg/h aminocapronitrile and 2 kg/h water
was fed below the top sieve plate into a bubble column
which was packed with cylindrical catalyst pellets of
diameter 3 mm and length 5 mm and was divided by sieve

plates into 6 zones. A pipe with a random packing and a
diameter exceeding the column diameter was located as
rectifier above the feed point. 2 férced circulation
evaporator was located at the foot of the bubble
column. The hydrodynamic residence time in the bubble



Lf) o -1 -16- Colum Exanples (continuous): Columm Exanple 1 A plate,
colum with 30 bubble plates was operated with a system pressure of 30
bar. 10.1 kg/h am no- 5 capronitrile were netered onto plate 29, the plate
. bel ow the top one, at 250C. 2.5 kg/h -efisteam superheated to 300C were fed

in onto plat y a ncet o] th xture
in the col u(%ﬁl%v\%shg %ﬁ ggfilﬁ&ﬁ\ ?s ]{l%'rsﬁf vser%e%gﬁprfggucﬁnﬁ%"as\q/\}/afs anmoni a
with a contéi &t Ohewaplums ghas oﬁbwater32 atambolhe7dOtthre poedent product
was a nylon &Pre-ppe t ent ) i ght he
content of water Qn th&agy&ﬂé elci%\jvte?r égfod(;};edgl g?%?ﬁmgéhl%g‘ﬁfoc%;bllg 50% by
wei ght or, dBhv¥PLEat- ab’g}&? gteafb| Progiugt Odﬁﬁmﬁf@@ﬁﬁe@t,@ pR&t ey ol um
with 30 bubb}agﬁmtﬁs weseoperated with a system pressure of 30 bar. A

m xture of 8.4 kg/h 20 am nocapronitrile and 1.5 kg/h water at 250C was
fed in onto plate 29, the plate below the top one. 2 kg/h of steam
superheated to 300C were fed in onto plate 2. The hydrodynam c residence
time of the reaction mxture in the colum was 2.8 h. The resulting
overhead product 25 was ammonia with a content of 2% by weight water. The
bott om product was a nylon 6 prepolyner with. a water content of 8.7% by
weight. A forced circulation evaporator was |ocated at the foot of the -
colum. 30 Colum Exanple 3 A m xture of 5 kg/h am nocapronitrile and 2
kg/h water was fed below the top sieve plate into a bubble colum which
was packed with cylindrical catalyst pellets of



dianeter 3 mmand length -5 nmand was divided by sieve 35 plates into 6
zones. A pipe with a random packing and a dianeter exceeding the colum
di aneter was |located as rectifier above the feed point. A forced
.circulation evaporator was |ocated at lthe- foot of the bubble colum. The
hydr odynam c residence tinme in the bubble -17- colum w th random packi ng
was 2.3 h. The pressure set wup in the colum was about 32 bar. The bottom
product was a polyam de prepolyner with a water content of 11% by weight.
The head product was ammonia with 2% by 5 weight of water. 18 - W

claim 5 1'§A %rocess for preparing polyam des, their oligomers or
ni xtures thére %?lWhere appropriate wth other reaction products, by
reactingdamno nitriles and, where appropriate, other polyam de 10 form ng

nononers and/or qlig [ ith ter in a_.reactive distjllatiagn, wherein
the reacti o(ri\' pr%duc?g:sggggschgfa ed PFrEMEHE 9ot P8ﬁ1y8f“ltdjﬁé"" regglql\}fe
distillation apparaggserandoanménitaingds chhersopy oduveck argpnaariaate
appropri ate, othek+lo ; i np d i re_produced,
&5 chovy }?rérmll adl_acfré‘_’\%i@ghc(ﬁg 05'2 iﬁé@c’:’&}?n aérﬁé}om 1

and water, are taken_off overhe rocess as claine
wherein the reaBtf8AlPs Girdi edhohe @mPICPRIEGGencvsher epolyemid2e 3. A

processi@s cl ai "edriningl #idAcheds ZandNSF ebiEhRerkeaQidV e, di stk Lation
apparatus has a Egl urality of . theoretical or real separation stages.
eactlve distillation, wherein the reaction
product 1is discharged from the bottom of the
reactive distillation apparatus, and ammonia which
is produced and, where appropriate, other low
. 15 molecular weight compounds which are produced, and

water, are taken off overhead.

2. A process as claimed in claim 1, wherein the
reaction is carried out under autogenous pressure.

20
3. A process as claimed in claim 1 or 2, wherein the
reactive distillation apparatus has a plurality of

theoretical or real separation stages.

25 4. A process as claimed in <claim 3, wherein the
reaction is carried out in a plate column, bubble
. column or dividing wall column.
5. A process as claimed in any gf claims 1 to 4,
30 wherein amino nitriles, as polyamide-forming
monomers, and water are emploYed in a molar ratio,
based on the complete process, in a range from 1
1 to 1 : 20. '

35 6. A process as claimed in any of claims 1 to 4,

wherein mixtures of

1 to 99% by weight amino nitriles,



25 4. A process as clained in claim3, wherein the reaction is carried out

in a plate colum, bubble colum or dividing wall colum. 5. A process as

claimed in any of clainms 1 to 4, 30 wherein amino nitriles, as

. pol yam de-form ng nononers, and water 1& e enployed in a nolar ratio,

based on the conpl ¢ beggrﬁoqg,s%elld?ltalra%%g rgmgl 1 to1l: 20. 35 6. A

process as clainmed in any of clains to 4, wherein mxtures of 1 to 99%

by weight amno nitriles, - 19 1 to 99@6by wei ght lactans and 0 to 49% by

wei ght di ani nes and¢er 4®%cab$a0>%lllght agidfifessadi@/dhenaeh rbodr fyql%nrpl oyed

as pol yam de-fornm_ng _nonone process as clainmed in any of clains 1

to 6, wherein th&?! géagflﬁglzls thQQ nis carried out 10 in the presence

of Bronsied acid catalysts 8. A process as clained inclaim?7, wherein

het er ogeneous Br o a r .Q 15 9. A process as

clainmed in any 0?9 EFAR@% g'd gé \Mgérmg'ldﬁe %l gsn}éjrpﬁnbeyresd in the form of

steam 10. A process as clalned in any of clalns 1to9, 20 wherein

addi tional 9LripRinggiddsans netlifes I GAY T8 Uikl the dgagtive
istillation. . !

wherein the reactive distillation is carried out

10 in the presence of Brénsted acid catalysts.

8. A process as claimed in claim 7, wherein
heterogeneous Brdnsted acid catalysts are
employed.

€.' 15
9. A process as claimed in any of claims 1 to 8,

wherein water is employed in the form of steam.

10. A process as claimed in any of claims 1 to 9,
20 wherein additional stripping with an inert gas is

carried out in the reactive distillation.



