1 0 JAN 2005 E Conti nuous preparation of polyam des fromamnonitriles
Description 5 The present invention relates to a continuous processflafAN 2005
preparing pol yam des fromanm nonitriles and water at elevated tenperature
and el evated pressure. 10 DE- A-19804023 di scl oses a conti nuous process for
preparing a polyanm de by reacting at |east one amnonitrile wth water,
which conprises: (1) reacting at |east one amnonitrile with water at from
90 to 15Camuiaugig Prepaitionoodspalyrredes from miganitbelesdnt ai ning a
Bronsted acid catal yst selected froma beta-zeolite catalyst, a

sheet - si | peair@ pRabal yst or a titani umdioxide catalyst - conprising from70
to 100%by wei ght of anatase and fromO to 30% by weight of rutile and in
which up to 40% ht of 20_the titani um di oxi de may be_ repl aced by
tungsten %% cPefESFét ‘? tHop relatet b niexCOREINYaNs PRPERsS fQ%acting the
reaction nre@eu:rlélgaponmdpso fromiguipondta ideprast wagenhateleyateder than the
pressure tempEmgeré and 8dvateflr ppedmareQf a Bronsted acid catal yst sel ected
froma beta-zeolite catalyst, a sheet-silicate catalyst or a titanium

di oxi d from 70 t.0 100% b ht _of anatase and fromO
to 30048y Dt ‘y’% 0 ?5% Logea .%°%ﬁn&ﬁ>“appf%°%/ By GESRIFENG! 2t he (i ¢ ani um
di oxi de nﬁ? lfPé“l ¥p¥%&‘€i}‘!ﬁyaf5u HeattePrex ppdnon e idenpéthtiaterandhiglessur e
bei ng sel eemprises:as to obtain a first gas phase and a first |iquid phase
or a first solid phase or a mxture of first solid and first liquid phases

and so thgj tP@aéﬂl qaieyé@%%e aalﬁsxpﬂa?%dwmrqa@é% BL! 2o lqgUg phase of
first I|d p Ofrgn{ 1 flrs%1 ui jrst solid
phases and ggg% Ay n %PT Hg or* h ?‘T’cks‘{besgf)flﬁa’prﬁd?e 4r the
m xture of fi ﬁ'ie(ﬁ’uﬁﬂl nePYalyst §8H’ %5§8§ ¥i hatarzgadttricatalystt i qui d
phase conpri s@nghemh-eilicate mategst 0B Cidaniufi rdimxdde catBlyst 106 Pa, to
obtai n a prodoctprisingr €xom it tor 008% Sbp vadiglieSop dnevaisdeand geadoqeal ity,
bu: ht[lare Isl 80% W@eflghtf&tﬁ&rllbnﬁﬁ@vmlahl Cﬂ@ltl'OTEYb 4f§e1 & Bgob' em

Wi qua of n 9l; secondary

am nes gs des{-’ig 191&:&98. mg‘%ﬁ?&g‘g& ﬁ gr%,\'%ﬁ %go mag adz ‘obfect of the
present inven? )B?ll'ic? FrBGEYRP PIXYL.ss for

(2) further reacting the reaction mixture at from 150 to 400°C

and a pressure which is lower than the pressure in stage 1 in

25 the presence of a Bronsted acid catalyst selected from a
beta-zeolite catalyst, a sheet-silicate catalyst or a
titanium dioxide catalyst comprising from 70 to 100% by
weight of anatase and from 0 to 30% by weight of rutile and
in which up to 40% by weight of the titanium dioxide may be

30 replaced by tungsten oxide, the temperature and pressure
being selected so0 as to obtain a first gas phase and a first
liquid phase or a first solid phase or a mixture of first
solid and first liquid phases and so that the first gas phase
is separated from the first liquid phase or first solid phase

35 or from the mixture of first liquid and first solid phases,
and

(3) admixing the first liquid or the first solid phase or the
mixture of first liquid and first solid phases with a gaseous
40 or liquid phase comprising water at from 150 to 370°C and
from 0.1 to 30 x 106 Pa, to obtain a product mixture.

This process provides polyamide in good quality, but there is a
need for further improvements in quality.

45 One problem with the quality of polyamides is the unwanted
formation of secondary amines as described in WO 00/24808.




preparing polyam des fromamnonitriles and water that ensures a further
‘qual ity inprovenent conpared to existing processes. 5 W have found {tfnaan 2005
this object is achieved according to the invention by a continuous process
for preparing a pol yan de by reactlﬂg at least one amnonitrile with water,
whi ch cor’rPrlsesn %%é reac st, one_ am nonitrile with water in the
presence - 10 of FoRi BF%SGEB JEXENELOR T EmPEBVEde 2D RECSREST F¥m 0. 1
to 35 x 1PEeRSFing E°?‘Y%q€l§bér€’6rﬂfﬁrwnﬁ§ralﬁoﬁf§ft@Gtaél‘eh%tatiaﬂsysemel ect ed
from a befurthesl duelity dmpgovements maipasieli tatexicatiahystomsssast.i t ani um

di oxi de catalyst conprising from70 to 100% by-wei ght of anat ase and fromO

to 15 38%dw Qmm&)ftﬂalg' h?.s:%écﬂ: why slghygvé&) 5%%%8%% %. the

a react i on

titani um di ox e

e A qapﬁﬁlg%ep#féﬁ AT RPSARATNG: 2 rPotHamide BY 400C 20
and a pre§%"ti-"rfé-f\%ﬁ§hl$%sﬂ SRer apkrenitrd 1er withirvatier, swhjeh lodmprishe: presence
of a Bronsted acid catalyst selected froma beta-zeolite catalyst, a

sheet - si | (Pﬁtﬁeé@lﬁfﬂgYSE DEask ohet 2l AURA:Q1Edg; RLALSE 1600 pe ge gom 70
[
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tungsten oxi gk 8 &&Pu?ef%ﬁﬁtﬁpésgﬁ?‘éalq&é‘lgng Begpnstesdasddas to.
obtain a fi rs@a*zﬁalé'sﬁhagée@wﬂ &rpir atbedd-qeodiphasatadysa, farst solid phase or
a nmixture of $heett-siddtate arutafliystot i widaphasesicuideseatdiBistt he first gas
phase 30 is s ﬁtse.el ff%ﬂltfuetal 86 |1 wquﬂbaé@ atfagésan& Bhé‘se or
fromthe m xt%,@ by %éﬁ#’ gdglm%l rstw 38# %83 ilt o xi ng
the first qﬁbg r |rst soﬁ ase 8?" heP t}ErY |P§t l'iquid
i and first sol duf 1P dgaBaB e TGP PF&Gle’d’&géteﬁrﬁﬂdﬁcngov\at er at
from 150 to 3‘7‘@)‘@%@ reaghien mixbuse, x 106 Pa, to obtain a product-m xture.
The invention further provides a continuous process for preparing 40 a

pol yami de(by reagidigeatti@psine0nadfidiPRiktlte ¥ tHAMRE 66 Lo Wil
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of an organic 5 x 106

u t

Pa in a flow *El&%} &?ﬁf’an?ﬂ rgPﬁﬁn% eétflélc catelysy eEE?‘écﬁ’éEP Pr om a
bet a- zeol i t e Pfan3poLity C%‘Fﬁblé’ts%l fighaet-sidaryes QﬂtaéYﬁtt‘amlaum di oxi de
catal yst 1 0 P¥emRlEtd3oxidewatalpgt feanpriGihg Aoy teelede byf anat ase and
fromO to 30Reiyhtveifglhabidse Wndl eramd ivd Yok Chy Urilght 4020 Mt Wel ghg of the
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replaced by tungsten oxide, the temperature and pressure

being selected so as to obtain a first gas phase and a first

liquid phase or a first solid phase or a mixture of first

solid and first liquid phases and so that the first gas phase

30 is separated from the first liquid phase or first sclid phase
or from the mixture of first liquid and first solid phases,
and

(3) admixing the first liquid or the first solid phase or the
35 mixture of first liquid and first solid phases with a gaseous
or liquid phase comprising water at from 150 to 370°C and
from 0.1 to 30 x 105 Pa, to obtain a product mixture.

The invention further provides a continuous process for preparing
40 a polyamide by reacting at least one aminonitrile with water,
which comprises:

(1) reacting at least one aminonitrile with water in the presence
of an organic liguid diluent at from 90 to 400°C and from 0.1
45 to 35 x 106 Pa in a flow tube containing a Bronsted acid
catalyst selected from a beta-zeolite catalyst, a
sheet-silicate catalyst or a titanium dioxide catalyst



obtain a reaction m xture, 5 (2) further reacting the reaction m xture at
from 150 to 400C and a pressure which is |lower than the pressure in §tjagegit
in the presence of a Bronsted acid catal yst selected froma beta-zeolite
catal yst, a sheet-silicate catalyst qr a 10 titanium dioxide catalyst
comprising from70,to 100% b of anatase and fromO to 30% by wei ght
of rutile andSOPREiHinh fﬁﬁmtﬁo ZHP/ong%\Angfﬂl@ft rhicanatas® anmddfoon de tany be
repl aced by tﬁ%slnenﬂe(mmepftmulen}aadaimlrvmlamdupreswwbybﬁéﬂ@n:SQerCt ed so
as to obtain ahéitifargasm ahaﬁm@mﬁyabélfé;sla&d' buth Eg@ fdg st solid

phase or a m ¥besen o felabsi nd first |IC]UId p ase an 50 % hat the
first g s phase is sepgrat%%%?'%%r?ﬁe first liquid phase or first solid

phase ‘Eromthe m xture of first liquid and first solid phases, and 20
(3) adm xi(AY ERELhSL Zeacting cthe repstien uixtwredaphfism A50t he 400°xt ure of
first liquid and 4 ipresseoeivhiptindes lowéh tha@nsaeUsSresurlel GHI gk
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of rutile and¥ehthiafh anptase 400 Byomed givt 30% by heeightaniturueli xiaga may be
repl aced by timgetiah api te, 400 mwabgmi}?ftm?dmnlwH%ﬁldgbﬁfg gve
processes preieprdias &aar LhRgs B 38, e fahbowi LGP o S5s

post condensi n I from E;@ Br essure whi ch
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continuous prgggss for preparing a polyamn y reaction o F8ast one
am nonijlyrile 45 with water, which conprises: 1 0 JAN 2005 | 4 (1) reacting
at | east one amnonitrile with water in the presence of an organic liquid

di | uent af3}r3FMHingG, theofiestd Mimuisioon theo £38sk skid.dPphase i Ithe t ube

containing a Bidtineedfafivst liquid and first solid phases with a gaseous

or liquid phase comprising water at from 150 to 370°C and
from 0.1 to 30 x 106 Pa in a flow tube containing a Brdnsted

25 acid catalyst selected from a beta-zeolite catalyst, a
sheet-silicate catalyst or a titanium dioxide catalyst
comprising from 70 to 100% by weight of anatase and from 0 to
30% by weight of rutile and in which up to 40% by weight of
the titanium dioxide may be replaced by tungsten oxide, to

30 obtain a product mixture.

The above processes preferably further comprise the following
step:

35 (4) postcondensing the product mixture at from 200 to 350°C and a
pressure which is lower than the pressure in stage 3, the
temperature and pressure being selected so as to obtain a
second gas phase, which contains water and ammonia with or
without organic diluent, and a second liquid or second solid

40 phase or mixture of second liquid and second solid phases,
which each include the polyamide.

The present invention further provides a continuous process for

preparing a polyamide by reaction of at least one aminonitrile
45 with water, which comprises:




catalyst selected froma beta-zeolite catalyst, a 5 sheet-silicate catal yst
'or a titaniumdioxide catalyst conprising from70 to 100% by wei ght 18fJAN 2005
anatase and fromO to 30% by weight of rutile and in which up to 40% by

wei ght of the titani um di oxi de may thr epl aced by tﬁngst ent oxi de, Eo t
obtain a reaction .y xtur 10 (2) further reacting the reaction mxture a
from 150 52?466?;&’5\%%_ ?%%%Lﬁ("‘t?) AR BARYS 416ME R NERF 4 Thd pF BS sRFesemRest age 1
in the preseffeaborgapienki@tiddiduent Ay droseflctedd0fonnd fremadzeol ite
catal yst, a sheel5 si [10éR= irakaFysw tarbeachbtaininyg wBdbaxier agahal yst _
conprising freatadllystoséD08edy fremi ahbef-2RAL RSN YOm0 t0 30% by wei ght
of rutike andenid WihGBabld ¢k DY W21 GhanGl' B AT, UM g oxi de may be
repl aced by tungst.en_oxi.de & tggﬁgrature an ressur € B ?fg sel ected so
as to obtain 5°‘&’5’§tm§a§r%a eté‘n P¥ Heisht| PHARPYNSRsand  fxpm 0y §0 sol i d
phase or a mi 0brky geightsef muile and in ndtichi ypithb PMAsby weihtsoofhat the
first gas phatke tizanépmraiexider maytbhe fdplaiceli Byi turnysaea 6xidd, b solid
phase or frosbtdwn @ ¥eHELi® filvkabel i quid and first solid phases, and 25
(3) pogpcondensing the first liquid or the first solid phase or the mxture

of first Ijguid and first,ksolid phases at from 200 to 350C and a pressure
which is K gﬁef“ufﬂ?ﬁ{ Fﬁ@cbf’é%std’reegelaﬁtk?rhd‘@-xi‘}‘r?h%t ti&ifperaf uke 4MACpressure
bei ng sel ect e@"3 P FFesgure Phich isaloeenthagathe prassunki th stageailnsnwat er
and ammoni a whe lpersencehofita Brgasted diditevatadpsh seleetsd fismiad or second
sol : ddphaﬁe Opeta-dadgtef caecnnd | hg%&@ﬂlaeseé‘g%at%g&gg Zéf?rswe‘r’]\‘t": 82 ie??h
i ncl udggt he : . 35, | D . 1.

descri ggd [ npst)ﬁéﬁfl%%géég %Q%ﬂ%rglg%n%&ﬁﬁﬁsﬁesggf %.:’%mt?t El@ .(Pé’n be in
principle any" X &T £PEFRSe ja0d TaaY ddfd Fatg iy thef irakilecasd one

ami no 40 groupPafich UPetQt4GhdYnMeLahe off 6he. titamiutodioxidegnar be
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1,4 and

25
(3) postcondensing the first liquid or the first solid phase or

the mixture of first ligquid and first solid phases at from
200 to 350°C and a pressure which is lower than the pressure
in stage 2, the temperature and pressure being selected so as

30 to obtain a second gas phase, which contains water and
ammonia with or without organic diluent, and a second liquid
or second solid phase or mixture of second liquid and second
solid phases, which each include the polyamide.

35 The principle of the process of the invention is described in
DE~A-19804023.

The aminonitrile in the mixture can be in principle any
aminonitrile, ie., any compound having both at least one amino

40 group and at least one nitrile group. w-Aminonitriles are
preferred, especially w-aminoalkyl nitriles having from 4 to 12
carbon atoms, more preferably 4 to 9 carbon atoms, in the
alkylene moiety, or aminoalkylaryl nitriles having from 8 to 13
carbon atoms, preferred aminoalkylaryl nitriles being

45 aminoalkylaryl nitriles which have an alkylene group of at least
one carbon atom between the aromatic unit and the amino and
nitrile group. Especially preferred aminocalkylaryl nitriles are




position relative to each other. The w am noal kyl nitrile used is nore

preferably a linear 5 wamninoal kyl nitrile in which the alkylene migeim 2005

(-CH2-) preferably contains from4 to 12 carbon atons, nore preferably from

4 to 9 carbon atons, such as 6-anm no-d - cyanopentane (6-am nocapronitrile),

7-am no- | - anohex%gﬁ_@ 8- am no- | - cydnohept ane, 9-am no-I|-cyanooctane, 10

10- ani no- 12 &FENBRY VepkRei Aing 9yopPeard apityile- aroumdaptbailsd | e.

6- Ani nocaaFiteen | xelasivgstoneadt ptobrai ned by hydrogenati on of

adi ponitrile according to known net hods, described for exanple in 15 DE-A

836,938, MieAuSeRiRGAIGN Woehife itk s nile (AUASap]) 4 9i3k8Q POSSI bl e 1O
or X

use m xteir ral. Lty o mnponitril]e m res of 2&n aminonitrile
with f ur%kﬁ%mqéggl]%lﬁél?g %E%[Sri%xwgﬁﬁlhethﬁp? HeEmgrmeiethd 8ol def i ned

mi xt ure. ﬁ‘#ﬁra%rcan&epaﬁ Edi fenl2 eahan atpps; fmaxspokgferatesy or
branched diroBh4i te |%irgrheneditonsd ,y suchess &-antinobe-pyepaeadanthe fol | owi ng
m xture i s(6uamtinocairendtelle)) 7-GmiibooCaRfINekhhbe: 25 from 50 to 99. 99,

pr ef er abl yo Jah@ib S cyAndReplaily, WRIAEho Of cirAWcROgEPTONi trile, from 0. 01 to

50, pr raply. 1 ta 30, % by wel at |east one dicarboxylic acid
sel ect g{d&flﬁgﬁ%{ﬁéﬂnjc&?ﬂo%ﬁy%% i%tb?ggﬁdﬂ igRLeFabEY- C10- a, w di car boxyl i ¢
aci ds, ar ATaFPROcaEE®REsrdlear boxyl i ¢ aci ds and C5- C8- cycl oal kanedi car boxyl i c
acids, fromO to 50, preferably fromO0.1 to 30, % by wei ght of an
a, W di ani réeahanbcapriondr4d1é 0isl GuekbReRi maiﬁédfﬁfrﬂy%rbgeggﬁi&{ gfcerabl y
fromO to a3Qpois s LI 1%; -dipnLtrile, _an rom6_to 50,
pref er afy 3bEf_§og§é) #X??%EE;??{P%’%%%S ?‘ngé a hgd%o g?%@%l?ﬁn?’fﬂi“"&@i dPor of
t he correspondrng 1adtam f % t 8% 1 /6‘%&'\;0&19’%30]‘ at | east one inorganic
racid or salt thereof, 45 the individual weight percentages adding up to
100% 1 0CQFARCRDTS I8 igukrleb|possible box yisec mictdses et wdpladd Phat be
C4- C10- a, erdnoni tinidelsi orami tisuxeisC B £asn SAMRGIoN € rate Gritd Yhaths, acid, adipic
aci d, pi "Romenafért, FeRebkimend & | ' J | d, .preferably
adi pi ¢ ggi d and sebacic aci d, 5%5?%%%% I%? g?&%%%c?gég’%. JIZEREe - and
aromatic I(38- Cl2-di cgr boxylic. acids such as terephthalic acid and al so
C5- C8- cycl TaPkBHEHS Fﬁoﬁéli’?%‘%tdse§mad§-3’ if copolyamides or

branched or chain-lengthened polyamides are to be prepared, the

following mixture is used instead of pure 6-aminocapronitrile:

25 from 50 to 99.99, preferably from 80 to 90, % by weight of
6-aminocapronitrile,

from 0.01 to 50, preferably from 1 to 30, $% by weight of at least
one dicarboxylic acid selected from the group consisting of

30 aliphatic C4-Cjp-a,w-dicarboxylic acids, aromatic
Cg~Ciz-dicarboxylic acids and Cs-Cg-cycloalkanedicarboxylic acids,

from 0 to 50, preferably from 0.1 to 30, % by weight of an

a,w-diamine having from 4 to 10 carbon atoms,
35

from 0 to 50, preferably from 0 to 30, % by weight of an
o, w-Cy~C13-dinitrile, and

from 0 to 50, preferably from 0 to 30, % by weight of an
40 o,w-C5-C;s-amino acid or of the corresponding lactam,

from 0 to 10% by weight of at least one inorganic acid or salt
thereof,

45 the individual weight percentages adding up to 100%.




cycl ohexanedi carboxylic acid. 10 Suitable a,cw diam nes having from4 to 10
‘carbon atons include tetranethyl enedi am ne, pentanethyl enedi am ne, 10 JAN 2005
hexanet hyl enedi am ne, hept anet hyl enedi am ne, oct anet hyl enedi am ne,

nonanet hyl enedi am ne and decanet hyl nedi am ne, preferably

hexanet hyl epedi.amne. 15 It is furth al so_possible to use salts of the

af or ement EBhEPIGGSPEBRN HE acids h‘?fﬂl‘{ﬂeamlhébat@spem ally the salt of
adi pi ¢ atutFirand. Aeddaasbeyy dhe dicidsnenchhas hsuccildowachs, Wlutakic 20 The

a, e- C2- Clacill niadiipie acidl, ipnimeleéeacdd y s%lbe@hbpﬁ@idca(ib'i‘hl&'éﬁd such as
1, 4-di cyag@pﬁﬁlgcﬁag érralbllg) aaipfs )éagggegé%c aéié di cyanohexane,
1, 7- di cyapghe. tﬁ@&ly a?gi?oggt ane, cﬁ anonqnane

1, 10-di cygno ecane, E t=lil cu &

,ag %YCile. 25 If desired, it
is al so po&BretgaF &Fa?ﬁ"r@s S“&Pn??r?‘?@h&ﬁé igndeishiandi hbso der i ved from

branched ﬁH&iﬂI‘éM@l@ﬁlwdénermxylald(yllcadyIsamhcasrrpounds 30 The

a, m C5- Clgyalohexaneddcasieskylde B€id; am nopent anoi c acid, 6-am nohexanoic
acid, 7-am noheptanoic acid, 8-am nooctanoic acid, 9-am nononanoic acid,
10- am R@ad cid m noundec noi c aC| or 12-am nododecanoi c aci d
pref er g@l Eﬁ al% %'iﬁ’-gé%\:‘g‘} é‘aH“‘%s gpc""f‘?‘?ﬁﬁ 3tams uifludsed can in
principle B'éraé?ﬁ’:hé' ﬁﬁ‘ii{:amlqeunﬂnEﬁJ!‘QIémlePﬁ iamnes not adversely affect the
reaction hﬁx%h)’ﬂ-ﬁﬂsdlmw; Peptanentgdenedganime,t o organic liquid diluents

sel ect ed bcomdtihylgnedpaminesi abhagetyChe@4ami kinplgs such as 40 net hanol ,

ethanol , AePdmitdyQbnelit B HRANGke rOHIKAIONS as ethyl ene
gl ycol ,15d| et hyl ene gl ycol, tr?e?hyl engpgl ?ﬁ%m&%ﬁdﬁﬁ@? ene gl ycol,

et hers, h as mé%h% B{ert butgi et her, diethylene glycol diethyl ether,
tetrahydr u:'l’sar'Tfu 1930 IPRSEL- es%ﬁ%sﬁlﬁ%t%éhenaﬁmtloned

C5- CL0- cyBLeaRhosyddc agids andidiayinesheespeciablCtheasalutdf adipich as
benzene, aoldiems] hexaméendenediayimene whickyl €renowt @8- B¥-sdi¢yl | act anms, such
as N-nethyl pyrrolidone, N nethylcaprolactam and | actans except 1 0 JAN 2005

| 7 capnel apd aw-TUch, %ﬁi&?ié e 5 F Laj%féfetlla%&ypgg fae{lrﬁ I].fé ncé IJ.\‘;%II}W gn e,

C6- C10-ar &5 §u§ s no%%nzgn 4

especi al | ?(HZ:A Gend "THeyanoRuEang "‘tﬁ°é’lf:51?1§b' i nor GLE¥anRentane, or gani ¢

| iquid di icyagohp¥ang « ]1'|7q9+‘EIY%qu'{?@ﬁ?n€anleﬁj\ﬂa-l¢Nagmmqe be used in

amount s f tefrdicyanononane, 1,10-dicyanodecane, particularly preferably
adiponitrile.

25
If desired, it is also possible to use diamines, dinitriles and
aminonitriles derived from branched alkylene or arylene or
alkylarylene compounds.

30 The o,w-Cs~Ciz-amino acid used can be 5-aminopentanoic acig,
6-aminohexanoic acid, 7-aminoheptanocic acid, 8-aminooctanocic
acid, S-aminononanoic acid, l0-aminodecanoic acid,
ll-aminoundecanoic acid or l2-aminododecanoic acid, preferably
6-aminohexanoic acid.

35
The organic liquid diluent used can in principle be any organic
liquid diluent that does not adversely affect the reaction in the
first step. Preference is given to organic liquid diluents
selected from the group consisting of C;-Cs;-alkanols such as

40 methanol, ethanol, n-propanol, i-propanol, butanols, glycols,
such as ethylene glycol, diethylene glycol, triethylene glycol,
tetraethylene glycol, ethers, such as methyl tert-butyl ether,
diethylene glycol diethyl ether, tetrahydrofuran, Cg-Cjpg~alkanes,
such as n-octane, n-decane, C5-Cjp-cycloalkanes, such as

45 cyclohexane, Cg-Cjp-aromatics, such as benzene, toluene, 0-Xylene,
m-xylene, p-xylene, N-Cj-Cg-alkyllactams, such as
N-methylpyrrolidone, N-methylcaprolactam and lactams except



0.1 to 90% by weight, preferably froml to 70% by wei ght, based on the
‘total anmount used in the first step. 10 According to the i nvention,q [}E@N 2005
first step (step 1) involves heating an aminonitrile with water in the
presence of an organic liquid diluegt at a tenperature from about 90 to
about 400C eferably about 180_to about 310C, especially about 220 to
about  2768PF %ﬁcﬁﬁﬁﬁ'cﬁ‘\{%ﬁl R PYEFRLIARR abaat ioulax Praseuends ssl@dven, 15

pr ef er abl §Oabantuotanonakict: SW-lk as0bepagnespadivenky akxyitené,t m-xyplemet, 9 X
106 Pa, ip-3glend,neshesiallpp tollbenpr eSS Ulse adB8 pbEiMAatll =€ afl RGrag] Ust ed

rel ative be a0 Rglflici i@ g31ueYtsas to obtain a liquid or a solid phase
and a mgxture of liquid or solid phase and a gaseous phase. 20 According to

t he invenhi on,.water .i.s_used in a nolar ratio_of am noalkyl nitrile to

wat er wit Fﬂa‘?’rf‘emqvlgﬂég 3 RNt Fapoadvantageguply che diseg preimountisy fupmhin t he
range frofrl: %0 (99%1bg weight, paeferabbly |fropr &f o alily by whight h®asaage from
1:2 to 1:6n e prozlaer anentbeised @hvete tfirshestsg, of water in excess, based
on the am noal kyl nitrile used. In this enbodinent, the liquid or solid

phase g F xtur f liguid _and solji.d phase corresponds to the reaction
mi xt ur 2,0 gg&ef\]’fﬁae{r%eqa%%t gtée gb’*s"% 74°Bhate ifslrss,gpﬁF%? (PP E’A%n‘f?&t"tesof this
step, thBeEERH RO ARARIHH IseWith drahexd ipr bhe tPresengei df agm sokediphase or
from the Aigeid adiguept|ad ortempguatuphdsematboneed0 ab hbeut spootbesi s nmi xture
forning wpr8ferdbliys abbep IE0 theabb@s a0t edMiRNAFCab22bi g4 g gaseous,
sol i d/ gasgeyec Oreo3Swhidhi A paekidld éboﬁ &.Of”%eapgﬁ‘@ £ QSR §g 2N
tenperqnsuhgefg&nabl ‘tl)e £ ousgedtr at|§6g o each other 1n’'such & way t hat
the syntRes s M xtdreits predBRttal? & 0Py &5PrGiatlY iaberd prtRe. The

| renoval ofPPhe Hds PR dEn=BE- HF ddrisdshEP HheupEessur® andi rred or

unsti rr ed tSEpRFaitingg copshe |aljustedseelatiizet eoi esclamdhebyin uchse Wiy
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thin-fil msgya@qitls@r 8nd€a GasebukMphiad ruders, or by means of annular disk
reactorsp Which ensure an enl arged phase interface. In certain cases,

recircul ation ‘%).f the 45 synthesis mxture or the use of a | oop reactor nmay
be necessAF§OTTPY FOr BBS M TIFR AR s W3 TRTe ifaliged Rt BhBPKRF Catigeofenoval of

the 1 9 JANIDODEYS nEHE1ilm e vasar belthin hbeevaie tiyematicl tticon : 06, wat er
vapor or Ppapeitulgadyi ptefertubllyi quthliphawe rahgef frablly2 the qegspye is
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In this embodiment, the liquid or solid phase or the mixture of
liquid and solid phase corresponds to the reaction mixture,

30 whereas the gaseous phase is separated off. As part of this step,
the gaseous phase can be separated from the liguid or solid phase
or from the mixture of solid or liquid phase at once, or the
synthesis mixture forming within this step can be present in
two-phase form: liguid/gaseous, solid/gaseous or

35 liquid-solid/gaseous. Of course, the pressure and temperature can
also be adjusted relative to each other in such a way that the
synthesis mixture is present as a single solid or liquid phase.

The removal of the gas phase can be effected by the use of

40 stirred or unstirred separating vessels or vessel batteries and
by the use of evaporator apparatus, for example by means of
circulatory evaporators or thin-film evaporators, e.g., film
extruders, or by means of annular disk reactors, which ensure an
enlarged phase interface. In certain cases, recirculation of the

45 synthesis mixture or the use of a loop reactor may be necessary
to increase the phase interface. Furthermore, the removal of the



given tenperature. This way, it is possible to favor especially the re %I
‘'of ammoni a and thus speed up the hydrolysis of the 10 nitrile grou Q JANHE
t wo- phase procedure is preferably carried out at a pressure which is
greater than the vapor pressure of pyre wat er corresponding to the bul k
terrperature of the reaction m xture, “15 but |ess than the equilibrium vapor
pressure %1% AN3SRI San,@epafPFFBEF%?IRUﬁﬁ@féﬁ@b@@r&fdﬁﬁéﬂr wAparhert wo- phase
pr ocedur elnertgapj ko fhe dpaightphidsew t ube which is operated under upward
flow and optionally has above the product outlet a further opening for 20
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pr ef eriF ’Zﬂq ls a flggwg?%bg{ugtag %%I&e cltﬁlgr 92{1? %F%% @1& al yst
materi a ccordrng ?o the invention, the amnonitril e/water/dr | uent

m xture is heated with a heat exchanger before being introduced into the
first stephe twonPhase raseduce atedondfarabhy canriedi dut | & 3 pragste wat er
can al so Weidiedsegrespar ahahythe oraRac bresfiere ¥Fdpube wivedd in the first

step by fderresponling Xid@ng! 8 mtéemp%sfarﬁger&ks tmerésériﬂo%m&x%ﬁe of the

synt heggs e t E;\_‘ are no restrictrons V\hatsoever
however, bﬂ >§_telg Otggelrrlleér}la vvaPﬁr%r‘ﬁ?élrr?aﬂ e PHabout 10 ni nut es

‘'to about 10 hours eferably vvrthr n the range fromabout 30 mnutes .to
about 6 h%LH%tlﬂPiﬁﬁfﬂgrPIﬁiéreeéerestr¢i:thh9n$wmhalummpce0mmrnr ng the
45 degr eenviligesvensumrightt filowi tubegmhiph 16 Rleptedechidar upesmon‘maa;
[ easons eSinE(dp&hblyaﬂlﬁtlﬁseabbaé the gren ueﬁ%@r?e%f alnfﬁf&ﬁéi- %pe gg} Step 1
e gen an ra
Ieagt gggé J %btse géﬁo‘;rlﬁﬁgggg% ?dgﬁt&ﬁ/‘%ﬁ% din %ggy %élc?'moébgu ¥ 0 about
99 ol % Bach base % RoRT S equrg %ﬂé imentneth®irile group
conver si oPT IRt ZeBGERT |WFiddEed nihdden fvarkhase proredutr disr BEEHML LYCN
st r et chi nepsAss ¥ithrecagalyst7maperiakiver $9, the\iRase BRL@arnyr.ef erably by IR
spectroscopy. Nor does the invention rule out conducting the reaction in
step 1251fhidhdtherpr SHaica1at 19 Masnncant ehildisteRROSH N 1$:G0PPAURIS.
the pressure is selected in such a way that the reaction mixture
is present as a single liquid phase, i.e., no gas phase is
present in the reactor. For this single-phase procedure, the
preferred embodiment is a flow tube packed exclusively with
30 catalyst material.

According to the invention, the aminonitrile/water/diluent
mixture is heated with a heat exchanger before being introduced
into the first step. It will be appreciated that the aminonitrile

35 and the water can also be heated separately from each other and
be mixed in the first step by the use of mixing elements.

As regards the residence time of the synthesis mixture in the
first step, there are no restrictions whatsoever; however, it is
40 generally selected within the range from about 10 minutes to

about 10 hours, preferably within the range from about 30 minutes
to about 6 hours.

Although there are no restrictions whatsoever concerning the

45 degree of conversion of nitrile groups in step 1 either, economic
reasons especially dictate that the conversion of nitrile groups
in step 1 be generally not less than about 70 mol%, preferably at



especi ally phosphoric acid, phosphorous acid and hypophosphor ous cgg ﬁg@r
‘al kali netal and al kaline earth nmetal salts and anmonium salts the A ¢h
as Na3PO4, NaH2PO4, Na2HPO4, NaH2P(O3, Na2HPO3, NaH2PO2, K3PO4, KH2PO4,
K2HPO4, KH2PO3, K2HP(O3, KH2PQ2, in wgi ch 15 case the molar ratio of
w-amnonitrile pharus canpoun I.S sel ect within the range from
0.01:1 toiiaslt P&fp'e?%b‘ﬁolf S??félar]&h’ glﬂf‘%}i‘n'g‘eofa&g? ofRPRY aboutrhe
reaction Ph &3 @boutj s d&?]r*ife(?aﬁhtbﬁﬁchc’ﬁll &hﬁt%‘-’c@ﬁt aminonitxrile0 Bronsted
acid cat ahged. sel ected froma beta-zeolite catalyst, a sheet-silicate ’
catalyst or a titaniumdi oxide catalyst conprising from70 to 100% by
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preferably greater. than 20 N, particularly preferably > 25 N. The BET
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Kem r a. tun steno e S use ably up to
30% by MBP ﬁ? €_ is used. f tge amlnonltrll use contalnsy P

1mpur1t1es, for example from 1 to 3% by weight of impurities,
preference is given to using a titanium dioxide catalyst
30 comprising a mixture of anatase and rutile. Preferably, the
proportion of anatase is from 70 to 80% by weight and the
proportion of rutile from 20 to 30% by weight. Particular
preference is given in this case to using a titanium dioxide
catalyst comprising about 70% by weight of anatase and about 30%
35 by weight of rutile. The catalyst preferably has a pore volume of
from 0.1 to 5 ml/g, particularly preferably from 0.2 to 0.5 ml/g.
The average pore diameter is preferably within the range from
0.005 to 0.1 mm, particularly preferably within the range from
0.01 to 0.06 mm. If highly viscous products are used, the average
40 pore diameter should be large. The cutting hardness is preferably
greater than 20 N, particularly preferably > 25 N. The BET
surface area is preferably more than 40 m2/g, particularly
preferably more than 100 m2/g. If the BET surface area is smaller,
the bed volume should be appropriately higher to ensure adequate
45 catalyst activity. Particularly preferred catalysts have the
following properties: 100% of anatase; 0.3 ml/g pore volume;
0.02 mm average pore diameter; 32 N cutting hardness; 116 m2/g BET




preferably from 15 to 25% by wei ght of the titaniumdioxide is -replaced by
tungsten oxide. The cat al ysts can be prepared as described |n Erth.,0 JAN 2005
Knozi nger, Weitkanp: "Handbook of 10 heterogeneous catalysis", VCH Wi nheim
1997, pages 98ff. The catal yst can #e used in any desired swtabl e form It
IS preferab used_in t$1 or m of SrPZfOEd articles, extrudates or pellets,
especi al | U HhETF8r B ﬁpayl ¥piohenf GBRERBE: 63 bEr weLghhIaf sufficiently
| arge to Batikeidi0-y BiHa ke vPLuRet He 0BSmpr avierageniprrer diamaterct 26 N i npai r
the fl owabutiing dlarthespr otfuct/g dBET syrfheer@osd.i dhe diwapaltsemafosen of the

catal yst prégerdd f&eﬁsc&uﬁeﬂcqa&egw&extdﬁes aah 8 wsle ff%?hélﬂnﬁﬁ'é 35:‘): gh the point
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are provi [ nt eX| t 1[0 ste ose.

the cat a&}s‘f ﬁgah dBFg%)%%m Yy UBsEQ 41% e Weighhy P&?&FEFl?%}er step, it |s
pr ef er abl Prpfrdddy £ROMKES seh@Stobynwedghscefr thaGitoninm dinsddei ¢8, t he
reacti on meplages byt sungsktem oxlide. fThestcashidpsts daw beepréemanicedsi n step 2 at

a tenper afigsér fve@minahsgut, ZIGQzG.ihéQ:‘r twel%lkahl %x{dﬂa@k%f preferably at a

t h 3 330) C,
eggggraalprﬁsteyz%]&éyeeug ?aaé\ O@%ﬁlut to aBou?éngfg 8.5&(292))C and
a pressuré %chsﬁ' cgn IB?\e‘?SgEE%dﬁ‘ £HE 5(—:7‘§ r@ Hﬁa Theét%ressure in step

2 is pref BFefpspbdy pagdiingde fors «f mPeF"aa:FbWéllestr haﬁtlf'#tat}%egswe in step
1, and gepeildts, Espepiabburim thel foibe ofi pblhethemhangelmtsrnaabout 0.1to

about 35 prdférdbly spEeieiatlly Waidé nd bR FaAgELyY lsapeabold Gom kReabout 15 x

106 Pa,3535,-6308C r heo § 6 P
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" pressure are sel éct as"to obtain a first gas phase and a first liquid
or first solid phase 40 or a mixture of first liquid and first solid phase,
and the fThstPelget: prameof theegatalyst Mmakest bt Passsblei tuixkrovef thet sol i d
phase or catalystheerhahic®&lf atti t5é poimti dfaegid ifrdin 6Ré i Ffirltasesp. The first
gaseouszopbaﬁeexgleb ﬁ@@ﬁéﬁc%IGQSEHéi‘@HrYSQEVM roé@d@dq%tv‘@hgr vapor, is

|1 t t f
232?};%28?? LSRR oo RS Lo, Bor LS el %"%f%éadfit.lf”ate

atio oS danl C cons
cor emoved SFReTHE &gupgglﬁor%q&y‘mﬁe‘}d{% ?‘ 18€CeHt £ g’t'l*l‘tf’a"cdi §hep, it
pr edoni nakf| PreffIah-dr PESSeNRt Adonthe| sameniformer  wi t hout organic dil uent, can
be wholly or partly recycled into step 1 and/or step 2. 5 The residence
time of2s hecopditig @o What iverition] ephe? reachbn mitueet obaBiRA ARSERd CtiOns
what soeverirBitsdep 48NehAther WekBtOd in step 2 at a temperature from
about 200 (150) to about 350 (400)°C, preferably at a temperature
within the range from about 210 (200) to about 330 (330)°C,
especially within the range from about 230 (230} to about 270
30 (290)°C, and a pressure which is lower than the pressure in step
l. The pressure in step 2 is preferably at least about 0.5 x 106
Pa lower than the pressure in step 1, and generally the pressure
will be within the range from about 0.1 to about 35 x 106 Pa,
preferably within the range from about 0.5 to about 15 x 106 pa,
35 especially within the range from about 2 to about 6 x 106 Pa
(values in brackets: without catalyst).

In step 2, the temperature and pressure are selected so as to
obtain a first gas phase and a first liquid or first solid phase

40 or a mixture of first liguid and first solid phase, and the first
gas phase is separated from the first liquid or first solid phase
or from the mixture of first liquid and first solid phases.

The first gaseous phase, which consists essentially of ammonia

45 and water vapor, is generally removed continuously by means of a
distillation apparatus, for example a distillation column. Any
organic constituents of the distillate coremoved in the course of




the range from about 10 m nutes to about 5 hours, preferably wthin the
range from about 30 mnutes to about 3 hours. 10 The product |ine betmgan;
the first and second steps optionally contains packing elenents, for
exanpl e Raschig rings or Sulzer mxing elenents, which facilitate a
controll ed expansi.on of the reacti m xture into the gas phase. This

rel ates, FitHaFStddiation PreAeminanily. yrasevertskamisonitrideeéthboy, the
react or ofighnuts erganictdijuenkewrare keowhailhy ¢heartdyargsgclamt ental of the
i nvent i onstespeandl/by stepel.l et form The reactor. provides a further -

| nprovenent in product properties conpared wwth a catal yst-free reactor
especi akl t. hi. ressuyres and/or_in the .presence of a |arge anount
of exce§s¥healﬁegﬁggﬁa?hé%ezggt ?’gﬁ W3 WFE. MRS dPuPEeBm 1% @98ure shoul d be
sel ect ed THPIERIh 2 RRY T§RHTiCHECRS SHBSBOpVer, thit dsageneraliivkwithin r enai ns
suf fi ci entlhe/ ranglel frompakapdnildaminiesdiongbait tthewourat apyestierablface.

Accor di ngwighithehienyendgé ofrom BBoWw®i 3T mahuexs tt abbhem t ikursecond process
step too is equipped with sieves or filters which guarantee the purity of
t he reagtion xture,and eparat.e the catalyst fromthe reaction m xture.
In stegﬁf‘&f i?rpofdlgl';cl'sct 11‘?%1&?%"%?%%%'?5‘? 8B i SPIPNESETOPS (IE 19D Xt ure of
first |igtREan$ PRFELING Glegephais£9% example Rafichiigarings esuSudrer i qui d
phase compixigichglemerts, prhdichr fadilitater aocontuatldedvappansibni 8fi Bhelone
conti nuouséactibine manburd iftorehergaddidse( athid Geidless 11 phetabhyai thin

the rangerd rgm ahadieldhdf %Qggéduge'i_oo m, nore preferably within the range
from akgut 50 to about 35 500 m, based in each case on 1 kg of the first

liquidor_first .solid phase or of the mixture of first liquid and first
solid phEE¥STARLY JHAF IRTEOF Qhtle SEFRBA| $8PR diferisg eontaénaathe | osses
i ncurred FR-LYSY pagppidliathshes ineenhiono| esperiafl lycin pelileti Fermr oups in
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be _uSegotbi b fureiRhha/6X065 5 pal pHBHHoeOBEYs 1iGhEEAEUPLaLDY gaseous or

l'iquid referably. 45 eheated I n at _ex e bein
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reactor 1remaing zodficientlyngmapl i tmaireyent dny tbddndind off theg el enents

whi ch f ur ti@mealtste surfaceg Micokitng aipahenti svertiem, 3tha@pdiatoperat/d at a

t enper abUt orh 8 5800h@ PA¥Es8NELED tDoPEESSY B0l Ph lsieRedlox 106 Pa; if a
catalyst Pefk e UhibRIqlfrdritSe! BN B2y 81 e Fabee LOS HGREEL' 0P
appllcablgeéé}ahkgghe ga{glyst from the reaction mixture.

In step 3, the first liquid or the first solid phase or the

30 mixture of first liquid and first solid phase is admixed with a
gaseous or liquid phase comprising water, preferably water or
water vapor. This is done continuously. The amount of water added
(as liquid) is preferably within the range from about 10 to about
1500 ml, more preferably within the range from about 50 to about

35 500 m1l, based in each case on 1 kg of the first liquid or first
solid phase or of the mixture of first liquid and first solid
phase. This addition of water primarily compensates the water
losses incurred in step 2 and furthers the hydrolysis of acid
nitrile groups in the synthesis mixture. This results in a

40 further advantage of this invention, that the mixture of the
starting materials as used in step 1 can be used with a small
excess of water only.

The water-comprising gaseous or liguid phase is preferably

45 preheated in a heat exchanger before being introduced into step 3
and then mixed with the first ligquid or the first solid phase or
the mixture of first solid and first liquid phase. The reactor




be enmpl oyed. Ot herwi se, the tenperature is preferably 180-300C,

particularly preferably 220-280C. The pressure is preferably from 11 ygy & x
106 Pa, particularly preferably from2 x 106 to 7 x 106 10 Pa. The pressure
and tenperature can be adjusted to ?. ch other in such a way that the
synthesis mxture is present as a sitigle liquid or solid phase. In another
enbodi merftaY pEippakky ke fagted Wit sizing celamense| wbichl fsurtheattie | i qui d or
a solid phiasimgorfathericampoeentssolid and |iquid phase and al so a gaseous
phase are obtained. In this enbodinment, the liquid or solid phase or the
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given 30 tenperature. This way, it is possible to favor especially the
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Lo, "RPe i 5851 i, b ShAl BIFLER S oBERLAET e 10,05
subjpec, ﬁ)f%ﬁs%?eg?%qﬁﬁh%%g gut”&‘f@ﬁ’érﬁ'@%ﬂéﬁﬁgﬁs %%é&%slsyrﬂiﬂdate a range
from i\%&ﬁm%aﬁf’ﬁﬁt%’éets@ 56584 S Hdtr 2, Lisute PabR SRS PhBBE toF @bout 40 8
' hours, paRd¥treapfysetid andoljqeishphase adhales eogasmans pbakeuare The
product nmektaimedobInitteics iembstimerd ,cahet higuitk ousbhid phasecessgtk as
des;:ri bednbealwe gf_Slilq&dJANdZQQﬁid Jp?uasén:t:@rﬁsliﬂ‘o%sfig% Q{H%O‘E,Eg’&@%t az he product
m xture ; C
t enper gé(t}ﬁles r 6mWh§%%ﬁlm§ Ohgge%%og’%’ ngo’%;%?’%? g% IOHe;l't i‘%gﬁ%ﬁ fures from
. about Zﬁmt?o S568c, TR RAEEIPP PRI TIMCABORE SRPTAGSI7HRO™ dhep1aavid ®xcarri ed
out at a PPEERPhESGNPE LR BB ¥ eppEsiqkid endslignizl phadeiat preferably
be withi nondes anghe fswrhheisdat mbxturel §66mingl 0A thPa, tiniy estppeéanad y Wit hin
t he rangepfesmntabautwd(razealboth: AGQGuid/gaseous, solid/gaseous or

liquid-solid/gaseous.

25

The pressure can be adjusted at a preselected temperature sc that

the pressure is smaller than the equilibrium vapor pressure of

ammonia, but greater than the equilibrium vapor pressure of the

other components in the synthesis mixture at the given

30 temperature. This way, it is possible to favor especially the
removal of ammonia and thus speed up the hydrolysis of the
nitrile groups.

The apparatus/reactors usable in this step can be identical to
35 those of step 1, discussed above.

The residence time of this step is likewise not subject to any

restrictions, but economic reasons generally dictate a range from

about 10 minutes to about 10 hours, preferably about 60 to about
40 8 hours, particularly preferably about 60 minutes to about

6 hours.

The product mixture obtained in step 3 can then be further
processed as described below.
45




103 Pa. In the context of this step, the tenperature and pressure are
selected so as to obtain a second gas phase and a second 10 |i qui d1cp]r{]m%5d
phase or a m xture of second |iquid and second solid phase which eac
conprise the polyam de. The postcondensation of step 4 is preferably carried
out in sugh ;ﬁ\/@é thgt r&n)%;nel atiéiel:’vi S&;OSi ty (neasu%ed at a terrperatu[]ebof
15 25C anfina HEPAL ¢ entq die palodnet portur@0ofi step Hus st rengt y
vei ght of sshijdatredc taca dyostfcandenpat yaniite sasp res: aempataumist Erbmt he range
fL or-r} QbO!J;bdutﬁ 400 %boabo&- 350k8, ﬁ&fr%bﬂ.?da@r@%?@eﬁfﬁﬂﬁre?%o‘ﬁﬁhﬂﬁ present in
the i qui C e 0 ohN s.such as
nitrogeg. ZI' g?ér(%giogghﬁ%hé@ﬁgqg? % %?ralg)\é‘g?f)gwn%o tzlaj}rlaebi f\gts e% 2I&’depends
especi a?l A G hE UG8 r 2 PRECH BVERAS 3 F??Wt PERPENEE e 5tePhd pressure
and the afBdnts drefgrablydedithintie Fangs fromtaheul bstepdift edles a
Si tn_gl e- Flhaegc:g@m r]ggfeilméebipr ox:l.:nhinl thee rf:lngbmémm ah@EtSé&n;barm?;gwgu' Jer
optional | yo QIR PRE Ktditext! 8BNS s @b,eﬁﬁéﬂﬂéhp X efdy _
m XxI Eg e'g)ﬁff@r%éleﬁt\éfe' Qghé’é :C&Wo?ﬁgﬁ?ti (ytelc‘aneﬁP%gﬂa%@ 9{1d ?E\Serc%?iﬁ: Ihon rrl Xf urf:
of the 10 RVERKT 2%?‘%%%%%?%fhas%ﬁaﬁgeﬁﬁﬁegqﬁﬂimra‘ﬁé” Ad ol ecul ar
wei ght buPPHlp RhasecFRLFY SATEnCPRRri%g dhpveolyaisie-ty 35 of the ef fluent
fromthe third or - in the case of the three-step procedure - second step
is | ess timha pd&techdénsatith @f bbep Wiy proférddly ¢agdPedshtaGndsadn de
s s e AT 007 Pty M PR LA L SRy
- be di s;%ens ?L'L“S“%fﬁ anré.%}ﬁea IE) i dlgrqjg.pgg%‘?eedpé (1:ar [l} nlgﬁ1 gﬁ% steps (1),
() and fﬁz?n@% DY HPIRE T SHIGPERGIAG T0aPT | hp SOLYSRLAS (ARAHBES .2 | 1 siep
1, the re¥2tPeivithigathe ctprsift TA9™ R Belf 8@ AROUL130SJAN 2005 { 14 The
reaction mxture is-treated in step 2 as descri bed above or at a
tenperat ure M plreferired emingRinen@m abpuiatd20pt@sartoun 8ROCIiqIId phRsL£sSSuUre

wi t hi nztdﬁeaﬁaweeigeq%a tmehnsOofDOMtinkrk 488 Raon abhRif¥&RaUre in step 2
being at least 0.5 x 106 Pa lower than in 5°step 1. At the sane tine, the

resultin I rst S phase is eparated fromthe first |iquid phase. The
first |i 83 g 5%%%@9115-%[ g?ﬂ%c?ﬁﬁigfﬁﬁaczt’i%‘ f“?‘éﬁ‘f’é?j i, s&pRpd %%Psen%Fn step 1 or
at a t enp&FREEIBIIN ORi hhe Hiesidsder el vabBEscOPIE.0 the BIURTAYYITE, pressur e
wi t hi n t héheapyesdfuremaatiothe Ehouot abbwat@®Oagdded in step 3.
25
If step 3 is operated as a single-phase regime, the product line
between step 3 and step 4 may optionally contain packing
elements, for example Raschig rings or Sulzer mixing elements,
which allow a controlled expansion of the reaction mixture in the
30 gas phase.

The fourth step too can be operated using the catalyst of the
invention. The use of the catalyst in step 4 improves the
molecular weight buildup especially when the relative viscosity

35 of the effluent from the third or - in the case of the three-step
procedure - second step is less than RV = 1.6 - and/or the molar
nitrile group and acid amide content in the polymer is greater
than 1%, each based on the moles of aminonitrile used.

40 In a further embodiment of the invention, step 3 may be dispensed
with and the polyamide is prepared by carrying out steps (1), (2)
and (4).

This variant is preferably carried out as follows:
45

In step 1, the reaction is carried out as described above.




103 Pa, the resulting second gas phase, which contains water and ammoni a
‘Wi th or without organic diluent, being separated fromthe second |l1|i mm
phase. Wthin this step, the relative viscosity (nmeasured as defi @ e)
of the resulting polyamde is 15 adjusted to a desired value within the
range fromabout 1.6 to about 3.5 t¥rough choice of tenperature and

r esi denceThe meactienr eExturendgssecemicked iigustdephhses idesthibed Gibogat épnal |y
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respective steps can . be I‘eCéC ed into.at |eas 03%60 e preceding steps.
It is fur ERRPISSEPEFabR ST LePBLEI tife APy ut ot an%lap]rclé’?guFEanz‘S‘ in step
1 or in35seeepP 3l-oAt fheosamesitdpe] thrl rasadtang of ixstt gasophagerig |iquid or a
sol i d phaseparatedrifxomreheffirsqul iqwidl phaked phase and a gaseous phase and
to separate off the gaseous phase. An apparatus for carrying out the process

accordi ng | 1.an i r.i_b £Xx L n, DE-A-19804023 and
a schemag%l% Ere%%rt eég {'lggﬁg%as%sogg? eefﬁ:_ ?r_ggﬁé%.lesl%g%g?ﬁ% JZPrasv1§'/|eﬁg‘?téf‘f’erei n.
Fur t her noiB, S¥§P theTcBht 2 X4e™RETRRRIG MR bhe (FandenfEAR; Hputi 2203 i s al so
possi bll® BB0thand aupressirg Witkimrdieomange bizaw labayt o0 st abbihailon
thereof. EO? Ha)i thpure@enktingobyomid yasnghasy, whichhaontexirdtay adst ances
known to ampefSPWithi bkodidHbukh8rgitic HiGuahdethdihgt Bephrsiod ¢vah SiEPS-
These substabees @hula BASIE! WMLKiAMARL 61! Ohe’ A at1y 0, 1Rl g, SUbStances
are: Trifunc |on‘é§0 am $s O.r[ﬂggréoﬁﬁél (i_ﬁgc s as rbrancﬁe[s ar Yosslinkers.
Exanpl es 6Pe3%HiShHAE GBLIRRE AOPYRY LPTth En APS Y NG PRSYBRId& dSoxyl i ¢ aci ds
are deddr rdausted Ko A- degipdsya lugeithin shstrangs faemt fbertl lafi hes have at

| east t hr aboatri Wb ghoopgh wWticilceavé teqpafaltarefandaeisidanye tdimear boxylic acid
- groups. They preferably 1 0 JAN 2005 15 do not have any carboxylic acid

roups. T danal | | | east three
gar ngyl [ Qﬁea%?%}ﬁaaté‘ﬁ %Eé ljlﬂ-pﬁ'tlgira%acgggﬁjq}%#hggZé?cdtn?’%rﬁ@?\ngﬁlﬂgm nes and whi ch
can al so @ésgﬁ’%%%‘%{ anfert %& i ¥ ﬁ??éjePBrm of their 5 derivatives, such
as esté%. The car boxylic acids preferably do not contain any am no groups
capabl e offnr aafurtdrernwpraferrdsheybpdimendi ¢fgtbepsreseninpheentofonsuat abl e
carboxyl i Qeast dsneéircF thengss Phadesdobtdin®d liriethd aldspedeivs syrpapaambl e for
exanpl e f aMaleiled ankd 20hdav Bie!s£BHR0ptecafi ifiskeps at ons, 10
naphthale&%pggyfﬁ¥éﬁ£§ybk8fé§gﬁ¥%’tguggﬁégi the temperature and pressure
25 in step 1 or in step 3 or in both step 1 and step 3 so0 as to
obtain a liquid or a solid phase or a mixture of ligquid and solid
phase and a gaseous phase and to separate off the gaseous phase.

An apparatus for carrying out the process according to the

30 invention is described for example in DE-A-19804023 and a
schematic representation is evident from Fig. 1 in the drawing
therein.

Furthermore, in the context of the process of the invention, it
35 is also possible to carry out a chain extension or branching or a
combination thereof. For this purpose, polymer branching or
chain-extending substances known to a person skilled in the art
are added in the individual steps. These substances are
preferably added in step 3 or 4.
40
Usable substances are:

Trifunctional amines or carboxylic acids as branchers or
crosslinkers. Examples of suitable at least trifunctional amines
45 or carboxylic acids are described in EP-A-0 345 648. The at least
trifunctional amines have at least three amino groups which are
capable of reaction with carboxylic acid groups. They preferably




napht hal ene-1, 3,5, 7-tetracarboxylic acid. The carboxylic acids are
preferably defined organic conpounds and not polynmeric conpounds. 150 JAN 2005
Exanpl es of ami nes having at |east 3 am no groups are nitrilotrialkylam ne,
especially nitrilotriethaneam ne, i@l Kyl enetriam nes, especially
diethylenstrlan1ne trial kyl enetetrdm nes and tetraal kyl enepent am nes, the
al kyl ene 9RoRRY ihave,pay raphioryldrnacid (BAouRE - NP tatedeaftir t her more, 20
dendri rrer§rééwm°@§éd0%1§bcamlnssactﬂmdramas peaitertiivey bamtwxnyléc gener al
formul a | a¢ R2Njx{ctifd) wh2dh (32 aphbld G2 )rieabiR2o® Wi hheife R &td which

or - ( CH2) neBRIZukenR Btbadhe! fobH Rkndi2het fie FRASHoar thGER) n- NRI2uher o

R3i sH Ok- 9{5@%\: Iwg% g&)clpl ssa%stgi_gg rrg g XLS teger from2
to 14. (I erabl’ Pf§£%$ BG5S xPTS %ﬁ?q t€%er from 2
to 6, pref@Faffir aflInO ) WWP 969]58%.%436?12 ofheeactdionaritiv Qaenbosslm so have
t he statedchéagﬁQRR§ i BYanmiete of| pubtalplee canbohglic akidbeanbltrimBsis a

hydr ogen atbd otfrme—r&%ﬁ)fhﬁ‘dlﬁabadspadrep‘i&hbw|ﬁ)ﬁ%&hﬁiﬂé'f{ﬁ%@b@é;@re t hose

having frgme im Jﬂguﬁerpﬁiylgoctgcg@ cg; %e erably 3 or 4 carboxylic
are 'hose having aromatic and/ or

acid g Qu e ed.car oxy

het er ol nghéhﬁ: nePgE&%ﬁﬁ)o H a%ﬂﬁ?yﬁucﬁa Phthyl, anthracene, biphenyl,
trlphenyInPaﬁ?Q%ﬂ%PQU 'ﬂe@ékﬁ@?EP@ér%QEﬂi%ﬁsasy¢1dﬂﬁ%carb¢¥M&MQManedSpyrroIe

i ndol e, farerprefieirephndefined prganid mumpoends phrehawthpehymerder phyri n,

pht hal ocyasimpeundspht hal ocyani ne. 45 Preference is given to

3,5,3 ,5 -bi phenyl tetracarboxylic acid, phthalocyanine napht hal ocyani ne, .

3,5, 3 .5 = |IC C 1.0 JAN 1005
1,3,5,%—nggaﬁﬁﬁ¥%neté%racaﬁb XY Pi & g-%:ift 32a%;%9;%ﬁ°u8Pn%{?lcarboxyl|c acid,
3 513-15519 t qQﬁH y}%%%ﬂqgoﬁfppel%&ngnltrllotrlethaneamlne,

3,5,3,5 dpa paménesc @spesyelly atiieghybenetriamine,
1, 3, 6,
1, 3,

8- atriial kelentetacaahined Iamdaeeﬂradﬂady&bﬁuﬂ:&iﬂamméet etidlalkylene
5-benngietids Praesyhb Ly Hdidg( bEhyRSIL mBtblefNFurthermore,

2.4 SPRBRaPEhSLY A6 ROV AChilinct D APRIIS ALE oG BLET LY

avai | abl e or ep process escri
ort ho- sub§FP?ﬁ$g é?@ﬁﬁtfc 10 conpounds are used, imde formation is
pref erably prevented

(RoN- (CH2) ) 2N-{CH2) x-N( (CHz)-NRz) 2 (1)

25 where
R is H or -(CH3),-NRl, where
Rl is B or -(CH;)n-NR2; where
R? is H or -(CH;)n-NR3; where
R} is H or -(CH;),-NH,
30 n is an integer from 2 to 6, and
x is an integer from 2 to 14.

Preferably, n is 3 or 4, especially 3, and x is an integer from 2

to 6, preferably from 2 to 4, especially 2. The radicals R can
35 also have the stated meanings independently of one another.

Preferably, R is a hydrogen atom or a -(CH;)p-NH> radical.

Suitable carboxylic acids are those having from 3 to 10
carboxylic acid groups, preferably 3 or 4 carboxylic acid groups.

40 Preferred carboxylic acids are those having aromatic and/or
heterocyclic nuclei. Examples are benzyl, naphthyl, anthracene,
biphenyl, triphenyl radicals or heterocycles such as pyridine,
bipyridine, pyrrole, indole, furan, thiophene, purine, quinoline,
phenanthrene, porphyrin, phthalocyanine, naphthalocyanine.

45 Preference is given to 3,5,3',5'-biphenyltetracarboxylic acid,
phthalocyanine, naphthalocyanine,
3,5,3',5'-biphenyltetracarboxylic acid,
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t hrough the choice of suitable reaction tenperatures. These substances are

at least trifunctional, preferably at |east tetrafunctional. The nunifetANoRi05

functional groups can be from3 to 15 16, preferably from4 to 10,
particularly preferably from4 to 8. _The processes of the invention are
carried out using either at | east t46functional amines or at |east
trifuncti dndld cmspryhatenetstdacabboxyldic micitiures of such anines or
carboxyl i @, &césyrikdivevelcarboxlyllianaeid,s of at least trifunctional am nes

may be 29, 9! 680 pi Byt {@yivdt xylic acids, and vice versa.
The substgn 1By h% deirdalh 1&% 98 o 50 rrrml/kg of pol yam de,

£
preferablg ? on'la% bgngégh%%%etgﬁﬁ?? %Y&flgr 38?‘@ from 1 to 20, mol/kg of
pol yam del:Fher &rassidhpetetacasbeKyl iplariss pacbicnlardyanrefanablyf rom 3 to
150, part dedl arbenzeneteicdxhoxylim adid of tkdGesee paridyl laydf rom 10 to 70, mmol
of equi vallenf s/kPedizenpétrradai®oxThec wa«/abaeﬁsc&i@uhage&@n the nunber of
functi onabem@dd i 19% OH §19‘{b1céar o(x_gﬁl}ge q)gegagggtw na0 PLfuncti onal

car boxyll acl Ve as cthalﬁ exT ¢ enders These
have 2 ca 89(’5'/%‘3&)&& 0{1 g}v\/r’liggh 1grf’r o-pubRt A tRE: AYSMAYIS groups, or 2
ami no dfoGRBPYIAYH aé'&n“%%d:r édt}tdédfOWQWQzlaﬂboRWf@@ddereﬂ'mem functi onal
car boxyl i thagugls the choicexni Isaskdble tremctdbhoxgmper arairds gr oups or am no
groups, do 35 not contain any further functional groups capabl e of reaction

wWith amn b lj.c ey .d

contain aglig 2 %%t&ognét 1@8%{’ &r’%%%%tﬁgﬁ p%%ff 5%‘?% i gﬁﬁﬁ?l onal
ani nes ar & Fﬁ%é‘é‘%ﬁ QAL ot é'ﬁlt"‘g’ V\ﬁfkF‘H’ichBE?fo%uPscﬁf‘Eot?ﬁllﬁr@maélm They
can be 4% AéarPrgighekiycirench tas 180 partisudpkyy arafiexabhe, fyamefdetabs y

C2- 6- al kyTbaepieonsses OOrthexdmpeetitm adeccadided et Tbeyg caithalrsatbe

cycl oal i phabst. tigigk€6n&l €amine@PBOr SN adagRl i fulct Y e B barddki fe.
Branched %Eh&é‘atﬂrﬁz n@'taﬂlf‘@xﬁ— %;E' 5 a§ﬁn%§aPJ:ec xi fgpéﬁ%hc{%e' ng Vestanin

€ ‘dj am nes 45
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may be % FI c’lh atlc %sx REnked sgfmtﬁ fﬁ’& £ a&s@’amﬁ‘%l’“"“f BeJAN 2005
17 ex Péesem% ’é’al eaH%fé@%ﬁné&c‘FP%’%’&%t@ﬂﬂsed apg ‘Gicel ¥exbRy|
preferably Cl-14-alkyl, radicals on the carbon skeleton. D functi onal

car boxyl i Thacklss tameeboar € aradentt b sen Wiioahtf OFeR 15 tsabb &m\Mlt/hgdbf uncti onal

di ami nes. pBigamLdd) ReekbreRly aldophat t& k| caa?emlacrl ¢ fesrer¥thGNeBER
preferably Qg %) %&quggx&l&l%gaﬁ_h agcebs ar? | C $C|a(igaze aic

aci d, aci c anpl es are

can

i sopht |pEe§3Wél in @p, %ﬂ?%ﬁl&@maél hPﬁEFé‘Fl‘é](ﬁr&é(r 55?(’;3#6(?13{0#601“ as wel |
as 10 di mér toel0d ataspesiatily tHem APftmctO,ommplbekieguivalentayXyl ofks (c) are
pr ef er abl polgauider Theveguivdlemvslate MEsedpant tiallraimbyr psffmaligndrom 1 to
30, amino groups or carboxylic acid groups.

30 Difunctional carboxylic acids or difunctional amines serve as
chain extenders. These have 2 carboxylic acid groups which can be
reacted with amino groups, or 2 amino groups which can be reacted
with carboxylic acids. The difunctional carboxylic acids or
amines, besides the carboxylic acid groups or amino groups, do

35 not contain any further functional groups capable of reaction
with amino groups or carboxylic acid groups. Preferably, they do
not contain any further functional groups. Examples of suitable
difunctional amines are those which form salts with difunctional
carboxylic acids. They can be linear aliphatic, such as

40 C;_j4-alkylenediamine, preferably C; g-alkylenediamine, for example
hexylenediamine. They can also be cyclecaliphatic. Examples are
isophoronediamine, dicycycan, laromine. Branched aliphatic
diamines are likewise usable, an example being Vestamin TMD
{(trimethylhexamethylenediamine, from Hiils AG). Also, the diamines

45 may be aromatic/aliphatic; m-xylylenediamine may be used, for
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especially from1l to 15 nmmkg of polyam de. 15 According to the invention,
the product mxture obtained in step 3, or the second |iquid or secpNdiAN 7465
solid phase or the m xture of second liquid and second solid phase (from
step 4) which each conprise the po!s,g m de, preferably a polyner nelt, is

di scharged 20 fromthe reaction ves in a conventional manner, for exanple
by meanse¥imeleyupe Subd amiags| gan teachbley anbsiel toisedi hpdCram-dkkylwor ked up
accor di ngptefaxablgnCi.qpasl kgl hedsicass das ahebedrben skeiagphe in DE-A 4 321
683 (page 3 line 54 to page 4 line 3) at length. 25 In a preferred

nmbodi : | I l.ic_dimer_inthe _nvlon-6 obtained according to
'?heoi h\rregtb?'fé]&?é'r?%ég,?%?ﬁéﬁ'mr ag%‘g%aa%y fgft FAT I|’]ﬁag t@ﬂgep% t 'fg’é_mfi rst with
an aquedu§? E%I‘{htil‘oﬁlg‘?n‘é%ﬂ[ﬂr@ilagi%’ﬁ'}%ﬁﬁi TheY GR% PeddBpanmiidthagdsj ecting it
30 to a gdscyprhosyligt peids onvhigbsare e fiemabPy 0,284 c@bBpxfbic aeidspl e)
and/ or exExamplesn arei agipic ariiapnatéidie; asiah SebacicadbD@CafibeRitrile. The
capr of act ey e el R e RS o nanpie he” 1BBALAIAR TERL;  SCrer
caprol ac I . :
caﬁ be 35%%‘%%23173&%1%h,er?a%&]?g]?f%lh%ﬁﬁar?%%% Ard Oragh‘f‘?ﬂ &Bep. The
starti g HREAZEAGEERATE et on mixture can be admixed in all steps with
chain regulators such as aliphatic and aromatic carboxylic and di gar boxylic

i ds, andhead#funetionst basicABudtithe Wlbaksi (@) Rirespher in
b s A et o TS
range f1ogL0 2,00 $0RY, eV QAL pRrced St he afrodnt ‘of pal'yam de-f or mi ng

nononer,s and amnoni triles uséd. gul ators include for
exanpl €”propionic acid, acetic acid, benzoic acid, 45 terephthalic acid and
" triacet ondgferding to ohg ANvEOO3ons Yhklipriodest amiktiuriel ebsainesh iasspegnent s,
dyes and 8 abr |iheesecanéd 1gprier okl yecsiitrdol 0dt fleassy Brhesé SnifivakBr §£pri or to
D of or enop oy o 1 Yacdbnly o B8 Mifboe roh Mep DML 2020 VL hesi o
referenc v .

o1 “pol e ohs sl Ehel Polpitle, BrEfecaly, T Bhlunes melE 1T qireiazsedar o
t he pré@ggf’ﬂg"? OTE3AGFABr e Sep ARt 2 RANVEPFAGRE LITKEPET nelPh&¥smedeY i n t he
conposi t i BRANALCE RdBIFPYeFuhseaaRBtIY s theoPPOYamideObbained gtan bpref erabl y
from1l two8Bed np wecghdindasedoomentiomlt neehoedspasi deseribk@ Ebri s possi bl e
to use, fekadypemine DECHSE O3B %8BMPA&de Mdiihbess taoVagh arpireuishagte for
- pol yam degeapgh or pol yaryl ene ethers.
25

In a preferred embodiment, the level of cyclic dimer in the

nylon-6 obtained according to the invention can be further

reduced by extracting the polyamide first with an aqueous

solution of caprolactam and then with water and/or subjecting it
30 to a gas phase extraction (described in EP-A-0 284 968, for

example) and/or extraction using an aminonitrile, such as

6-aminocapronitrile. The low molecular weight constituents

obtained in this aftertreatment, such as caprolactam, linear

caprolactam oligomer and cyclic caprolactam oligomer, can be
35 recycled into the first and/or second and/or third step.

The starting mixture and the reaction mixture can be admixed in
all steps with chain requlators such as aliphatic and aromatic
carboxylic and dicarboxylic acids, and catalysts such as

40 acid-containing phosphorus compounds in amounts within the range
from 0.01 to 5% by weight, preferably within the range from 0.2
to 3% by weight, based on the amount of polyamide-forming
monomers and aminonitriles used. Suitable chain regqulators
include for example propionic acid, acetic acid, benzoic acid,

45 terephthalic acid and triacetonediamine.
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Rubbers whi ch enhance the toughness of pol yanm des generally have 15 two
‘essential features: they have an el astomeric portion which has a gl agsjaN 2005
transition tenperature of |less than -10C, preferably I|ess than -30C, and
they contain at | east one functional group which is capable of interaction
with the polyam de. Suitable functilBal groups include for exanple
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derived fRobbexs siiicheenhanss ahe, tanwylesscpf| pelammidekygeneraidyhbave/| at es or
si | oxadés twodesswEntdadl fyatwrdshethepnomeEnansel afionealikbepsttioan@ieRr es can be
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EP and EPDM rubbers grafted with the above functional groups.
Suitable grafting reagents include for example maleic anhydride,
itaconic acid, acrylic acid, glycidyl acrylate and glycidyl
methacrylate,

30
These monomers can be grafted onto the polymer in the melt or in
solution, in the presence or absence of a free-radical initiator
such as cumene hydroperoxide.

35 A further group of suitable elastomers are core-shell graft
rubbers. These are graft rubbers which are produced in emulsion
and which have at least one hard and one soft constituent. A hard
constituent is customarily a polymer having a glass transition
temperature of at least 25°C, while a soft constituent is a

40 polymer having a glass transition temperature of not more than
0°C. These products have a structure made up of a core and at
least one shell, the structure being the result of the order in
which the monomers are added. The soft constituents are generally
derived from butadiene, isoprene, alkyl acrylates, alkyl

45 methacrylates or siloxanes and optionally further comonomers.
Suitable siloxane cores can be prepared for example starting from
cyclic oligomeric octamethyltetrasiloxane or
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' 1 ong- chai mesbyhemthacgghetal |y derived from pol y(al kyl ene) ether glycols,

and short-chain segnents, derived from|ow nol ecul ar wei ght diol s—and

5 bed
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e i ng
al so com*rer i a ?]éeUrﬁjgﬁrfﬁes s j‘ﬁf’illzﬁ'ﬁfg ﬁ%qeﬁﬁﬁe‘%"? OFEURFPFRI (1)
(Du Port aﬂlﬂn?]ﬂ%}rl( )ThFAkEE?r%ﬂﬁtPé’Pp?%rfé’(“F):lP%chﬂf(?uPéoS“@? @9 . It will be
appr eci at sarbpnyl i tcarboxys e possisi,bleeid ;anhydridet taeisl amidé, dadifder ent

rubbers. Amifia} tdmerbaydiiti aesert hahﬂnﬂayh:,b:&oﬁ?mt | &), | okagsBINY € pr ocessing
ai ds, stahirkkEehs, alf¢aQXdetdR b ShabHana, Sls @ﬁ%n L f
gecolrrgOSI te'f?@c@é‘&’ ):359:91@93%1}.{2&1 %* Ehuﬁ)\ﬁ' lfg;l onal%lzeg r| Cg:taslt Clr]ge?gd The
p?ggorL (N?U%EBFZEH Igglgmerlzatlon of tXe last shel? Suxtable
functionalized monomers include for example maleic acid, maleic
anhydride, mono- or diesters or maleic acid, tert-butyl
{meth)acrylate, acrylic acid, glycidyl (meth)acrylate and
vinyloxazoline. The proportion of monomers having functional
30 groups is generally within the range from 0.1 to 25% by weight,
preferably within the range from 0.25 to 15% by weight, based on
the total weight of the core-shell graft rubber. The weight ratio
of soft to hard constituents is generally within the range from
1:9 to 9:1, preferably within the range from 3:7 to 8:2.
35
Such rubbers, which enhance the toughness of polyamides, are
known per se and described in EP-A-0 208 187, for example.

A further group of suitable impact modifiers are thermoplastic

40 polyester elastomers. Polyester elastomers are segmented
copolyetheresters containing long-chain segments, generally
derived from poly(alkylene) ether glycols, and short-chain
segments, derived from low molecular weight diols and
dicarboxylic acids. Such products are known per se and are

45 described in the literature, for example in US 3,651,014.
Corresponding products are also commercially available under the



generally up to 40% preferably up to 15% by weight, based on the total
‘wei ght of the conposition. 15 Pignments and dyes are generally presert{ i/sAN 2005
anounts of up to 4% preferably from0.5 to 3.5% especially from0.5 to
3% by weight. The pignents for coloring thernoplastics are commonly known,
see 20 for exanple R Gachter and HOMI | er, Taschenbuch der
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white §i Qﬁeﬁ%fﬁ%ﬁnﬂ:h@h%?’éﬁﬂg conmposi tions of the invention. Black pignents
whi ch can be used according to the invention are 30 iron oxide black
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comer ci aI y ava| can further be ‘of advantage to use the
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copper 5 Phavento@psnaNes  axs meaerally gueseat| in famsuntsacbup ke dbsper si on
of col or pmefémahlyefmopl Gshita 3156, Jédpe@I 1P 1frdmiodat koN3% ctygr dant s and
~thermal swabightzers which can be added to the thernoplastic conpositions of
t he invention I ncl ude for exanple halides of nmetal s of group I of the

periodic SOdI m hal i_des ssium halides, |ithium halides,
opti onal | y C ngisgng I’lj Sufi®Fi SR %g ﬁ?li‘fe% CcommenLy XnowWD, cAeSr i des.
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this gr
phospho’qrhug"hsoﬁ'f%l“?ﬂ 8@1“8% SFtad PR eré‘éf (rytriderapd peatase) of

titanium dlox1de, the rutile form is preferred for use as white
pigment for the molding compositions of the invention.

Black pigments which can be used according to the invention are
30 iron oxide black (Fe30Q4), spinel black (Cu(Cr,Fe);0;), manganese
black (mixture of manganese dioxide, silicon dioxide and iron
oxide), cobalt black and antimony black and also, particularly
preferably, carbon black, which is usually used in the form of
furnace or gas black (see G. Benzing, Pigmente fiir
35 Anstrichmittel, Expert-Verlag (1988), p. 78ff).

It will be appreciated that inorganic color pigments such as
chromium oxide green or organic color pigments such as azo
pigments and phthalocyanines can be used according to the

40 invention to obtain certain hues. Such pigments are generally
commercially available.

It can further be of advantage to use the abovementioned pigments
or dyes in a mixture, for example carbon black with copper

45 phthalocyanines, since this generally facilitates the dispersion
of color in the thermoplastic.
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t hese conpounds, preferably in a concentration up to 1% by 15 wei ght gl
on the weight of the mixture. Exanples of UV stabilizers are vari ous] U 17003
substituted resorcinols, salicylates=, benzotriazol es and benzophenones,
which are generally used in amounts_of up to 2% by weight. 20 Lubricating
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WO 00/ 24888conderyhywetbnhysd aminedyicopt I8rahiys DR Xenjunct26h dyithi ch is a
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" i mi nobi shexanoic acid (I1BHA) 5 per kilogram of polyner. For extraction, 100
parts by EsamplesofofpUlysesbiidizerst aré ethnfiohh sdbd: Rakks E&sdﬁlﬁmsm
conpl et el )gawéryrartee V\/Bbﬁioi?ttla]zgggsfﬁ)ﬂd %nzBﬂHéﬁorﬁé&defﬂhi&fx and, after
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r T

100C u(r}g educed pressure urs. t'i ve and conparative
exanpl were carried out in an apparatus as per Figure 1 of DE-A-19804023
usi ng 15 &HPREcaHTEnRPA| demqladny asentet shichp@e menecativnineludke i gani c
di | uent u$b€| Yearmoplanblic (lEtt@rial The aneacitants wmco he by gadiight, are

stearic acid, stearyl alcohol, alkyl stearates and

N-alkylstearamides and also esters of pentaerythritol with'

25 long-chain fatty acids. It is also possible to use salts of
calcium, of zinc or of aluminum of stearic acid and also dialkyl
ketones, for example distearyl ketone.

The present invention further provides a polyamide preparable by
30 any of the foregoing processes.

The examples which follow illustrate the invention.

Examples
35
Analysis

The relative viscosity (RV), a measure of the molecular weight
buildup and the degree of polymerization, was measured in 1%

40 strength by weight solution of extracted material in 96% strength
sulfuric acid, at 25°C using an Ubbelchde viscometer.

Secondary amines were determined following total hydrolysis of
the sample in aqueous hydrochloric acid. The species with

45 secondary amine units was identified by the method described in
detail in WO 00/24808. The hydrolysis product iminobishexanoic
acid, which is a measure of the number of branching products in .
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diluent were initially charged to feed vessel V of the apparatus nentioned.
20 The first process stage (1), having an enpty volume of 1 liter AfdAN0E5
internal |ength of 1000 nm was packed with titanium dioxide pellets

pr epar ed accor ding to Ertl, Knozi nge;;2 Vi t kanp: " Handbook of heterogeneous
catal ysis", VCH Wi nhei m 1997 pag 98ff. The pellets were 100% TiQ2 in
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exarrplﬁ v gt S oY é%g ﬁvﬁfoflg}ﬁs aT'ﬁEa Wg |nthe
tabl e §vé €t 'Y °P6mP?ﬁ=§t‘i?é’e9ﬁPﬁ§El°‘Thé=‘tt HPBLFgWﬁeﬁrtf‘?@q%Pﬁag%u#q ow of

reacti on APXtift dorém the 45 feed vessel through the first process
stage/step. 1 0 JAN 2005 23 To enable the exanples to be conpared, the ACN

fﬁacetxelQﬁétihﬁﬂﬂylbﬂeaﬁdr 4$£E&QE§§§ éﬁéﬁﬁiebswéfgyykE?gedl ut §n tPﬁtLati?.Oft
e ro e y vol uné o e firs
stage (Iltggg CEle,ng# €s Sk 2138 ?465‘;{9

am) unt' "o dded in the third st age.

A %Hﬁ?é‘litﬁig% ST e RPN b
! and |s r epbleent |‘-'t$eﬂe1~‘é%rﬂthamlThEt%)rr-er'l'élIESIQacf@nts and dhexgpgadéd in the
table to thiventenseeatinieilly ahdrgedssufeed estailavsogniie dpparbtist ,

second, mbhtfhmgyl fourth stages of the apparatus. The | BHA content

i ndi cates the nunber of branches in 15 mlliequival ents of i m nobi shexanoic

aci d ) | ogram of ol r._. The residence tinme of the reaction
mi xt u§ e%:_ﬁ% p&rskc cSAGCETR Sta%aﬁgehh?"r%ngl PP e é@tl“’\‘% hduldtehi s, given
varyi ng Zén?h"i“bddﬁﬁifléll }P"t‘-ﬁ’é‘ P $90% miye wag hpagked wishetitaniume second
st age wasdagapiedellltsrprappaedeactoeding theEf iy Kndgtiager wawibkhmps n al |
exanpl es. “Handbook of heterogeneous catalysis”, VCH Weinheim, 1997; page

98ff. The pellets were 100% TiO, in the anatase form and had a

25 strand length within the range from 2 to 14 mm, a strand
thickness of about 2 mm and a specific surface area of 110 m2/g.

The second stage (2) was a 2 liter capacity separating vessel.

30 The third stage (3), having an empty volume of 1 liter and an
internal length of 1000 mm, was packed with the titanium dioxide
pellets described under process stage (l). In this flow tube, the
reaction mixture could be additionally mixed with water from a
feed vessel (see Figure 1 mentioned).

35
The fourth stage (4) was in turn a separating vessel (5 liter
capacity), from which the polymer melt prepared was extruded in
strand form (A) with the aid of a gear pump.

40 The results of the inventive and comparative examples are evident
from the table which follows. The abbreviations in the table have
the following meanings:

The throughput D is the mass flow of reaction mixture from the
45 feed vessel through the first process stage/step.
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To enable the examples to be compared, the ACN space velocity of
the first process stage is reported. It is the ratio of the

throughput of ACN (kg/h) in stage 1 and the empty volume of the
first stage (liters).

WZ signifies the amount of water added in the third stage. It is

based on the throughput of the reaction mixture into the first
stage and is reported in percent.

The numerals 1, 2, 3 and 4 appended in the table to the

temperature (T) and pressure (P) data signify the first, second,
third and fourth stages of the apparatus.

The IBHA content indicates the number of branches in
milliequivalents of iminobishexanoic acid (IBHA) per kilogram of
polymer.

The residence time of the reaction mixture in the second stage
was 1 h in all examples. To ensure this, given varying
throughputs in the first stage, the fill level in the second

stage was adapted. The residence time in the fourth stage was 5 h
in all examples.
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to 100% by wei ght of anatase and fromO
nich up to 40% by wei ght of the
ungst en oxi de,



25 tenperature and pressure being selected so as to obtain a first gg ]
phase and a first liquid phase or a first solid phase or a mxture JAN 2Eh
solid and first liquid phases and so that the first gas phase is separated
fromthe first liquid phase or firsggsolid phase or fromthe 30 mxture of
first liquid and first solid phases, and (3) adm xing the first liquid or
the first solid phase or the mxture of first liquid and first solid phases
with a gHeethdsimsr |iquid phase conprising water at from 150 to 35 3700C and
from0.1 to 30 X 106 Pa, to obtain a product mxture. 2. A cont i nuous’
process f@r pieé&{ﬁlqg,ogspgka{@égsd%onE%act Ieﬁg b?eJﬁﬁ%te Ber é‘:{@ri nlt ile

rd ¥

w th water r.Lses 1 ast one” am noni 2Fe with
wat er |% thew%)%é{seoﬁlg of‘ng?iltorrld‘%m)"& El‘él?mtc"g'tprleBﬁT 90 to 4000C and

fromO0.1 to 35 x 106 Pa in a flow tube containing a Bronsted acid catal yst
sel ect ed fromb) breactzigy iateldastcaine painomitahidet with iveatee dat eheyst or a

titani um di oxi de f@ééﬁc}ésbeQHDétcﬁrﬁ@ hg JQntheﬁQOaé Bronebhio OfgARat ase

andfromOto SO(V};) PEIPMt 10f o Tk i a 0, JAN 2005 26
40% by wei ght of ghetlt nlui"o ’J% be re acgﬁb% &?tald%’fjgn 4oxi de, to

obt ai n & reacti on®H¥3F acf‘ gmﬁ ﬁﬁ?&r s?iﬁ%\ 'T'-?qﬁ PRed rlﬁ%i@t'leﬁ #&%ture at from
150 to 5 400C andCatph¥stoureshertildchbacratalantt o Hrtdsanien|diowsidage 1 in
t he presence of ac&alpttectomprilsiosd Srpmt 70 sBd advedby rvtiﬁ]gantbefaaﬂaglslete

catal yst, a sheetasd! it @ taas@iw w@'i Bt tdd anicym dRxijdewhatR!
compr i sing from gty LA0YnbYo perh 09{ pOOR ARG 800y AL D ganﬁprfnob Y 10
811’1

wei ght J@f rutile V\/mc up, t
rraygbe (rgepl aced bg ?%?11@9511 @ﬁu‘ r8%° %n’ffearcg'tlﬂf’em’aﬁfd’ TSressure being

l selected so as to obtain a first gas phase and a first liquid phase or a
first solid phhséupther mieacting ofhef resttiod imixande fat Aromi 60 dephases 15

and so that the fiostc gad ahpedsduresepasmtied 1bhem dthe thirsteddusiei dpphase or
:‘Olh;gtessol Ing FQ?SSS% érpnﬂtnt hge ﬂ?%é@éﬁrc% 8% %Lﬂﬁnsk%&%&@gf %fészog'rdt e
20 mxtzure of fi rs%riﬂqgo{_t rgt’]rllld fgetaf g8llj‘ ?f‘&?@gs tth i‘eﬁﬁsﬁ S35 1 i qui d
phase conprising At O Bt AP 3‘?6 SQIFALRALBHE (FOPPEASERI XEXAD6 Pa in a

fl ow tube contai AP nEe a Wlokyt velichti @fcanatass agd| éxemed ftooRDE biet a- zeolite
catal yst, a sheetwsi¢hicaife roatidé yaid dh @hich up to 40% by weight of the

titanium dioxide may be replaced by tungsten oxide, the
25 temperature and pressure being selected so as to obtain a
first gas phase and a first liguid phase or a first solid
phase or a mixture of first solid and first liquid phases
and so that the first gas phase is separated from the
first liquid phase or first solid phase or from the
30 mixture of first liquid and first solid phases, and

(3) admixing the first liquid or the first solid phase or the
mixture of first liquid and first solid phases with a
gaseous or liquid phase comprising water at from 150 to

35 370°C and from 0.1 to 30 x 10% Pa, to obtain a product
mixture.

2. A continuous process for preparing a polyamide by reacting at
least one aminonitrile with water, which comprises:
40
(1) reacting at least one aminonitrile with water in the
presence of an organic liquid diluent at from 90 to 400°C
and from 0.l to 35 x 10% Pa in a flow tube containing a
Brdnsted acid catalyst selected from a beta-zeolite
45 catalyst, a sheet-silicate catalyst or a titanium dioxide
catalyst comprising from 70 to 100% by weight of anatase
and from 0 to 30% by weight of rutile and in which up to



25 titanium di oxi de catal yst conprising from70 to 100% by wei ght oi -
‘anatase and fromO to 30% by weight of rutile and in which up to 40/9%”2%5
wei ght of the titanium di oxide may be replaced by tungsten oxide, to obtain
a product mxture. 30 3. A process claimed in claim1 or 2, further
conprising the follow ng stage: m&_@) %ostcondenm ng the product m xture at
from 200 to 350C 48% lahdfeagbte%% Witahium digwéde tihasn beheeplasediny in
stage 3, the tenpturdsten anddes esswbealini agrearitdohedismm@s to obtain a
second, water- and ammpni a-contai ning gas phase and a second liquid or

second sol i d @?ﬁsﬁﬂ{g& rpeéw;&%oc  TEG8000N ik -8TE e T8 0Le ¢ PRaSeD:

which egch in "Muoud preparing

a pol yai de by reg(?:? te an\é‘h’a‘fﬁ NS PVEY EhAT FRRAPERSSUAe &R
conprises: 45 (1) 5?%‘3&& A§ &belm’@ﬂemﬁwém rAndnsted casniad lcahalestin t he
presence of an orgehéatdd qubd sidetanizesalits amatdQyso, 400Geeandifiqped. 1 to 35

x 106 Pa in a flopatalgcopt 3l ﬁmlﬁmldﬁéméﬁ{% 22031 s’-% 99§£ Adrd
t al 1 | 1 d t 1 1 1 t al 1
or a ty.staﬁ.eu?ncd.eox%%“ cé’é‘ig R Br R faes omoflfcan%oa% g ¢ Catalys

ght of
anat asé® and front®IY SoFBhLiRe] 1BfW]f“chf} ¥ 5Ad4PH hhvership ob t5le40% by

wei ght of the titbhhtamiu dipyedermaybber eeplased by tungyenenxdde dechet 0 obt ain
a reaction nixtureemgedathuret Ard preacuiragbé ey aAGttED I8 ¥EUES @tdimom 150 to
400C and af pr eSBSUEEryg'g(h@ bRabOViEid tahi*ﬁr%@eltﬁfu‘iﬁs &sd Q)rlg § ts]ollgt t lhe ¢
presence of a Bro i ec e catalys
Bﬁé% . mﬁ;@{@% i tanf'"%% i 0 18e E‘g]t%lrfgt ﬁ& RI3%$§5f r om

a shee;l silicate & tiﬁ
70 to 160% by wei 4t BRe Li¥str pam phass SBWWI*’-\R@FgﬁFO%ft%tl | e and

in which up to 40 ?ﬁtv@‘@hﬂ Phaseh@r1Sirst ssvlivh dhase de fapmbehe epl aced by
tungsten oxi de, théxtummodr finse larmipr @6 UfiashesoDidehaske( sy as to obtain
a first gas phase and a first |liquid phase or a first solid phase or a

mocure of s} ﬁrﬁ%@ A Og,gp;,f {_gas

phase |§ separa S

0
fromtRe mxture ?ﬁ‘ [}' ELERY dhaﬂlfddf PPgt Jsrﬁltl ﬁ"b’rfh%seanﬂuf )a
post condensi ng thga?‘F?“sﬁt v 4ideidPhage £PPRYis{HL vayptass foemt W0 rhoxt ure of
first liquid and B796x and| frbmpadesoad0d x 106 Pa in a flow tube

containing a Bronsted acid catalyst selected from a
beta-zeolite catalyst, a sheet-silicate catalyst or a

25 titanium dioxide catalyst comprising from 70 to 100% by
weight of anatase and from 0 to 30% by weight of rutile
and in which up to 40% by weight of the titanium dioxide
may be replaced by tungsten oxide, to obtain a product
mixture.

30

3. A process as claimed in claim 1 or 2, further comprising the
following stage:

(4) postcondensing the product mixture at from 200 to 350°
35 and a pressure which is lower than the pressure in stage
3, the temperature and pressure being selected so as to
obtain a second, water- and ammonia-containing gas phase
and a second liguid or second solid phase or a mixture of
second liquid and second solid phases, which each include
40 the polyamide.

4. A continuous process for preparing a polyamide by reacting at
least one aminonitrile with water, which comprises:

45 (1) reacting at least one aminonitrile with water in the
presence of an organic liquid diluent at from 90 to 400°C
and from 0.1 to 35 x 10% Pa in a flow tube containing a



25 from 200 to 350C and a pressure which is | ower than t he pressure in
'stage 3, the tenperature and pressure being selected so as to obtailrl gAN 7009
second, water- and anmoni a-contai ning gas phase and a second liquid or
second solid phase or a m'xture of s ond liquid and 30 second solid phases,
whi ch each incl udg the % I'T process as clained in_any of clainms 1
to 4, wherein the o ec?sl'fﬁjl te§§ﬁ?"ét?dn fIeRge PetR-7e9ldtage 3 or in
both stage 1 andcéf-ﬁblés*a ar éhGQF'EQ:JtléGatg eatalyssebori a taitangunddbsxide a
solid phase or a sakalyst ebmbrijsiny frdmsolith ra%Eby ek ght g,ezsgga@a@ase and
so that the gaseouadphese o $oSePRMY edighf - of rRiREOLESSi AN gl:- d4n any

IR FROES Cortdrga o Rt kg i B p

nolar ratio from4 ami-Aoni t

clained in any of th‘ﬁﬁF’s" fxt"ge tQURREEEA # reaqtige BiXH¥eyaseous or |iquid
phase which contains water is added in an ampunt from50 to 1500 m of
wat er per 1 kg2pf fabthér steabtding dety reaesion Mixdupbase Bfommixbues of first

liquid and first480td @ngh . ai med
i %ﬁgl i rlst 4aod Qnﬁréellsﬁl?essllr@ Jﬁbhr?fl@l%@ﬁr%ha% 8°EPSs AR Cigl Md

respectlve st ages g re 8aﬁgr‘?sence Pga%t r@ﬂé%g ? ﬁF&é‘éH?Eg stages. 5
9. A process as clsﬁh'?}@ffq ﬁraﬁ a Peta-gensite (@l ySherdisheetesikigatenitril e
used is an w am nsaFRJ,fYStmOtrrﬁl bl tendiwmg daoxide lopitehps trodapri6ifgi2edonof from 4
to 12 carbon at ong0oto ax00sabiyneedidhtd aFyhnatddd Iaadhgyd,rng ftroogbg Ly 13 carbon
atoms. 10 10. A pﬁw@ﬁ@ﬁ@ c&srﬁhiw%d rinawléﬁ (y “{? 3 eg;f' et N

0 0

foll owiygg m xture, Mﬁg: ro romo to
50% by wei ght of I ndl Vi éuaﬁg meg

Bieer %% 30 11.
' A process as cl ai pd cﬁ’%ﬁ rf P%’-‘l‘?\)s éF%‘il B I‘I’é t@r@%ﬁfﬁl@ Bi qui d
di luent used is séFEE’f RS Pbﬁfﬁ? h@cbraoﬁprstohs!ugﬁl Phasd o@1-aCHinskawdlig,
glycols, ethers, €cBagd(pralekanetyre CF €idstysdldal kAadesirsE51040: @rpHaleisCs,

N-Cl- CA-al kyl | act af@ $dcthad5Sthéct ot QusCPladedRs058S 5laemed1%rorﬁ‘ﬁf Hcess as
cl ai oo 1 any Of e¢kai MbighshOpidse Wicks: tgz,endoggggé Jiggupd, diTuent used
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is selected from on fin b nzen | yeneé, | ene,
m xyl ene and ﬁgﬁtﬁg lg% fl é fiqul and firgi SOll phases, anX

(4) postcondensing the first liquid or the first solid phase
or the mixture of first liguid and first solid phases at
25 from 200 to 350°C and a pressure which is lower than the
pressure in stage 3, the temperature and pressure being
selected so as to obtain a second, water- and
ammonia-containing gas phase and a second liquid or
second solid phase or a mixture of second liquid and
30 second solid phases, which each include the polyamide.

! 5. A process as claimed in any of claims 1 to 4, wherein the
temperature and pressure in stage 1 or in stage 3 or in both
stage 1 and stage 3 are selected so as to obtain a liquid or

35 a solid phase or a mixture of liquid and solid phases and a
gaseous phase and so that the gaseous phase is separated off.

6. A process as claimed in any of claims 1 to 5, wherein the
reaction of stage 1 is carried out using a molar ratio from
40 1:1 to 1:30 for aminonitrile to water.

7. A process as claimed in any of claims 1 to 6, wherein in
stage 3 the gaseous or liquid phase which contains water is
added in an amount from 50 to 1500 ml of water per 1 kg of

45 first liquid or first solid phase or mixture of first liquid
and first solid phases.




40 p- xylene. 13. A process as clainmed in any of clains 1 to 12, .wher, edwfs@ﬁﬁ
‘organic liquid diluent is used in amounts fromO0.1 to 90% by wei ght

on the total mixture used in the first stage. from50 to 99.99% by wei ght of
6- am nocapronitrile, fromO0.01 to 50°€by wei ght of at | east one dicarboxylic

acid selected fromthe group consi% ing of aliphatic
C4- C10- a, & di BaPFRSEAS @Saél@l@nechrl@nanYcOCB‘J@ldeilcm bbx wheceaoiats and
C5- C8- cycl oal keastiaer bdxyhé cgasighdses asbtm ieeddiAnt e x.hﬂbkeﬂ&é‘e é&g@%r bon

atons, and ania, ﬂéé;éﬁaa21ﬂt8|$ﬁ'ﬂé%s%rgﬂﬁcbﬁ‘%h@opébaé&fﬂ Rkag
a, W-C5 Cl2-amino acid or of the corresponding lactam rom to 10% by

wei ght qof at |east one inorganic .acid or salt thereof, 45 14. A pol yam de
pr epar aBl &+ by ap’f)‘?‘iﬁ?ésésagig%ﬁqré& PRY 8% JRimg| i tR 8, wHexgin the

aminonitrile used is an w-aminoalkyl nitrile having an
alkylene moiety (-CHp-) of from 4 to 12 carbon atoms or an
aminoalkylaryl nitrile having from 8 to 13 carbon atoms.

10 10. A process as claimed in any of claims 1 to 9, wherein the
following mixture is used:

from 50 to 99.99% by weight of 6é-aminocapronitrile,
from 0.01 to 50% by weight of at least one dicarboxylic acid
15 selected from the group
consisting of aliphatic
C4~Cyp-a,w-dicarboxylic acids, =
aromatic Cg~Cjp;-dicarboxylic acids
and Cs-Cg~-cycloalkanedicarboxylic
20 acids,
from 0 to 50% by weight of an o,w-diamine having 4 - 10
carbon atoms,
from 0 to 50% by weight of an a,w-C;-Cjp-dinitrile and
from 0 to 50% by weight of an ¢,w-Cs-Ciz;-amino acid or of the
25 corresponding lactam,
from 0 to 10% by weight of at least one inorganic acid or
salt thereof,

the individual weight percentages adding up to 100%.
30
ll. A process as claimed in any of claims 1 to 10, wherein the
organic liquid diluent used is selected from the group
consisting of C;-C4-alkanols, glycols, ethers, Cg-Cjpo-alkanes,
Cs-Cip-cycloalkanes, Cg-Cjg-aromatics, N-C;-Cyg-alkyllactams and
35 lactams except caprolactam.

12. A process as claimed in any of claims 1 to 11, wherein the
organic liquid diluent used is selected from the group
consisting of benzene, toluene, o-xylene, m-xylene and

40 pP-xylene,

13. A process as claimed in any of claims 1 to 12, wherein the !
organic liquid diluent is used in amounts from 0.1 to 90% by
weight, based on the total mixture used in the first stage.
45
1l4. A polyamide preparable by a process as claimed in any of
claims 1 to 13.



