0050/ 5157 005@1[5315%0“5 preparation of polyamdes fromamnonitriles
Description 5 The present inventid to a continuous process for
preparing pol yam des from am nomll@mm@gmwm‘d water at elevated tenperature
and el evated pressure. 10 DE-A- I'Scl oses a conti nuous process for
preparing a polyanide by reacting Hf°'¥’east one aninonitrile with water,
which conprises: (1) reacting at |least one amnonitrile wth water at
from 90 t o CohinQ0@ ameparetion lofi poljarid€p f2em amdndiigwitlebe contai ning a
Bronsted acid catal yst selected froma beta-zeolite catalyst, a

sheet-sili c@s%rgﬁgg&yst or a titanium dioxide catalyst conprising from?70
to 100% wei ght of anatase and fromO to 30% by weight of rutile and in
which up 10 40% by weight of 20 the titaniumdi,oxi de may be repl aced by

t ungst en oﬁh&e?rf%en%b‘g‘gﬁﬁté°?e’%?clﬁt8§ HP X3 FRELRIPUF (RRICES Sy éﬁgti ng the
reacti on nmbPGEeRRELIRY BlyidMides t Frpemingnitnl lesea8dreatay @f psevyargst t han

t he pressuremperatexe ahd prléBatdre preesenee of a Bronsted acid catal yst
selected froma beta-zeolite catalyst, a sheet-silicate catalyst or a
and from D A rgeas it HeERORS X B L R e o pr e Nt of
the titani LPn‘%qéf?‘g;%%ebyn%gglé“% thed'legggdglg%/ l}r?ﬁg gﬂlicj)é;iwd%P Yﬁ%e%’e\é\@é’ggt ure
and pressur®™PhEPRY” sel ected so as to obtain a first gas phase and a first
liquid phase or a first solid phase or a mxture of first solid and first
i qui d phasidy amdcsong helt lehetf onstamjasnphaske withsepeentad firomnde he fir st
liquid piese orobPe sdnsahbsl phase 35 eri16e em the rAvehueeb®fcdrtaghihg ali d
anfl_ L' rﬁt sol i %trghgﬁgé’?ci@Ga]ggiyégrgeii!e@ge%hﬁ%rﬂ ][a_si)e%:é- ﬂ&%’fehEQ@afﬁtts,L
soll p ase or a g%eam-%llgi.rc%&;g CL%Jf}}St Iogu!':l t1 na 'ulmr gi 21 e:) Cg%s%}%%%dqjé:fgr Oﬁ]

gaseous 40 or |1 qul ase Frsin ter at  fram
0.1 to 30 x 106°BRFIEPHHES™ /Y T étm%kﬁ‘sl?’cﬁ*& ofhPRAMIFALE FFOR|

pol yarmi de in gd@% Bra¥eidht Bt rewike and An wiekah fupr te utthdy wapgvefents in
qual i ty.2015 Onecher tbhtamuwn tdhiokide quegt ibey replamsdy byi thesgstern baideward ed
formation of semeadary mdEstesnanifanes,i bed in WO 00/ 24808

(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 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
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 10% 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.
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0050/ 51573 g5 0/ is$ 32N obj ect of the present invention to provide a process
for preparing p81 yam des fromamnonitriles and water that ensures a
further quality inprovenent conpared to existing processes. 5 W have found
“that this object is achieved accordi n% to the invention by a continuous
process for preparing a polyanide by “eacting at |east one amnonitrile

wi th wat er Ttwhf c3h cigeitses: thel preeget i inyemtibaate rrnvidei aopiagssisefart h
wat er in tipeepactengelyidfidés diroor gmhnenitmjlied dnd uaterathét oensirels0a400C

and from O.fhrthér 3maxit96iMmsrdvenant| evnpdiea eontridd g drBrossdLd acid
catal yst selected froma beta-zeolite catalyst, a sheet-silicate catalyst

or a tlt%ﬁglénk%g)éé q]%d g}‘%{)oﬁb %QHE%J% Si n%cfhrom g%éf%r 9%%/?@; wei ght of

anat ase and from to 40% by
wei ght of PHEMH Yuﬁl G?B’k’rrﬂ’éuﬁa? B%esrse °5cBHeWJt%§sP@hY% byt o
obtain a r&gectbng mtxlgpret ¢y amippnérrilenciithgwater r edéchoronmnisese at
from 150 to 400C 20 and a pressure which is |ower than the pressure in
stage 1 in(1yheepeebRNGR Qkast %@%&Hoﬁf&ﬂl@amkﬁs‘fratsé%l g6t efe f fHBe%ce

bet a-2e0fq { € Cakaky Slrodh(3NERhal Li9aLA: CAl Fhkal o678 4°t°'°&a£H “‘Oﬁ £o s0%

cat al yst conpri si O/ b anatase_arn

by wei ght of rUPi ?g ’&r%g)mzéallﬁl \ﬁh ‘é-‘b[e cgg/ab ReiPgRE BT *]h &St ani um

di oxi de may becaF%bY%é& 1g¢tedinframe ?F%l‘ezec’clﬁéetﬁ Vditur @ and pressure
bei ng sel ected Sbee‘asﬁltldcgb?aqﬁﬂtaal}?fﬂtr or yasitendvm diekidef casalysdt qui d phase
or a first sol cdmphisimgoiframn? Xtter a 00k by rvetighsobf darawhski asd trdgguiogdtphases
and so tisat thegokipptweddhtpbastutilel sngepanatied hpors t4r birsdidideied phase
or first soli dtggaéﬁarﬁrumf aﬁgﬂ&e n@yxgélrpe acfebg;fﬁ%gtgnag%léé”ase t, solid

phases, and (3))tal m xi ng |qU| or sol 1 or the

35 mixture of fi rstnIa} & ﬁho%l i rstr $olid phases with a gaseous or liquid

phase conprising water at from150 to 370C and fromO.1 to 30 x 106 Pa, to
obtai n a pridduéurkhsd yeacting thes asecbhon grittarepabvintes 150 comt40dious
process Z0or prapdranyesélira poighisdéobyr ridmt ithg ptedstiast innetsys nonhtrile
with water, wahehpesEcesss: a (Bsnkeaat 4dH %tatlaﬁ@é SNRCRABHNSAI 1 | € with
vater in the ppgsgnge, gk 'éQthﬁac”' g Lw%ee il LYeDt o Alafy 59%90 to 400C and

from0.1 45 t% g‘anlum %@.og§‘dé nca alys comprl%olrr]ltga Pclmr\]gm to r?&% %d acid

weight of anatase and from 0 to 30% by weight of rutile and
25 in which up to 40% by weight of the titanium dioxide may be
replaced by tungsten oxide, the temperature and pressure
being selected so as to obtain a first gas phase and a first
ligquid 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 solid 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 106 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 liquid diluent at from 90 to 400°C and from 0.1
45 to 35 x 106 Pa in a flow tube containing a Brénsted acid
catalyst selected from a beta-zeolite catalyst, a
sheet-silicate catalyst or a titanium dioxide catalyst



‘catal yst selpgel/adshom a beta-zeolite catalyst, a sheet-silicate catalyst
or a titaniumdioxide catalyst 0050/51573 3 conprising from70 to 100% by
_weight of anatase and fromO to 30% by weight of rutile and in which up to

40% by weight of the titanium dioxi ds may be replaced by tungsten oxide,
to obtain a reaction mxture, 5 (2) further reacting the reaction m xture
at from 150 t oC2PRYLSiNed T5OBr B &t & ORi b esighswef amrtiasehengr fxsuirle ton
stage 1 in thé0hresereightfof Brividet eddatn diiahahysto srlsebiyede {dHmoz
bet a-zeol i t e cahalysianiamsbeekidd nagabe Espialakat bertehgkQeh! balad!mdi oxi de
cat al yst conprpstith f @@uéPid® n;liqg%%g%/ wei ght of anatase and fromO to 30%
by wei ghtg of rutile and in which up to 40% by weight of the titanium
di oxi de mai gef r&_gl aced b¥ tungst en oxide, the tenperature and pressure
bei ng sel etfEdE8E- N FE26htRY i FPASEHILIigYSe ahdfren 1p8tta 340’ qui d
phase or a fir8RdsH|RX@SERES " Iichn ifi keweRe tdfanf thetpressiurd amdstdgestt Lhqui d
phases and so thatpudasenteref ay@rophase adisi sepalpsedsdleestdherdm st i quid
phase or firstbeedizboiinsecatdlystomat fieddiuhieaod Jdradlystiguigd and first
sol [ d phases, catdhidhh 3bxdadlodialykbecdid:sbihhatich Yo 181044 5ty sol 1 d

¥

hase or the 0 jrst i.qul q fuir hases w t'h a gaseous
gr l'i qui d phasgéc Hrgp%fs%ﬁétj% earndg rg“r‘o %Sacgob%?%ggﬁdﬁf’%trﬁl@. 2“98 30 x
|

106 Pa in a fl bWt E8n 1 QYavVBI PHs 1fd the hEtanivay digxides@agcbed from

a beta-zeol i t ereRtanegdsby bunggtes: oside cdthe tempéyaturer aadt ptessure di oxi de

catal yst conppésinigeleoted(sd @s1@6%yaimeiagiirof quapAsSe aftth far @Ot O

30% by wei ght diquid iph@sa@nélk i fiktseNsePid PhAQ0 BY IVgiiGhbrOfor Efl?stci tani um
uct
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The above process I r abl urther. canpri.se
post condengi ngf?shsee%agggégt%%"itt&reegéfs? ﬁ&fﬁiﬁ@??%%cféﬁﬂt £°lifeBRsR
which is |ower®t rérr?%[ﬁ © P BE e Of nE sty d iguid nand tfdxper aelikk Phagepr essur e
bei ng sel ected®®b as to obtain a second gas phase, which contains water
and ammdfia with or w thout organic diluent, and a second liquid or second
solid 40 phapeadmixiingt the irstecogdidisiitdeandrseandasphish RRasgs, Wwhich
each i ncl ude tfigrioky 8 ferat1SqRIESEN ADYENLL DIk fgwatasrw 104 483 s
g%nf_]'om"?;"lsl gr O&esﬁqix% pl%;eo%rol‘nggig‘iﬁ)go %%@r gt rorm %g It(:)c? 3070°8tand one
from 0.1 to 30 x 106 Pa in a flow tube containing a Brénsted
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:



45 W th watgyso sty conprises: 0050/51573 4 (1) reacting at |east one
am nonitrile wth water in the presence of an organic liquid diluent at
from90 to 400C and from0.1 to 35 x 106 Pa in a flow tube containing a
Bronsted acid catalyst selected froma beta-zeolite catalyst, a 5
sheet-silicate catalyst or a titani um4di oxi de catalyst conprising from70
to 100% by Mei gEecsin@rih ds8shnend rafhroni bt 1 bR WekehtiroftheupFeésenaed in
whi ch up to 40%fbgnwerganicofliquhé diluenituat dfxon @@ bay4®ECr epd atmuh Py 1
tungst en oxi de.tot 05 PbICH Paain eadlowntibetdontaindng 2) Hrohkbed d&acting the
[ﬁactlon M xt U@ tatyd¢ WB1LeReh0r AGPG bRRE-Fedl RS UREaCH 4 S IO}Nertthan
e pressure i ol senc Br o cl atalys
sel ect edsslflr om % he g?%%éled():lqiet égg%?%ﬁecy?# , gagjé?f:mt%fms ?rs‘lgga egccagtagyggt or a 15
Citani um di oxi GETBELATYE FZEBAP i & G OR Bih VREGRF PEOIBBYASENGRETAR Crtit ase
and fromO0 to 30% By weidith off retale @ndndn whiahhiugphtopd o byovebghteifght of
the titani um dithei tetamiurbeioxrigé amagyd beyréplegside byokxungstdnexiéapeiat ur e
and pressure betagnselrcicedosombsdre,obtain a first gas phase and a first
20 liquigy phase or a first solid phase or a mxture of first solid and

first liquid,p so.that, the first gas phas IS arated fromthe
first li qui(g)phqagggﬁ%fn%arcgtﬁgoﬁ% ?ﬁggégno'?lﬁﬁ%ﬁ Fﬁeflﬁ?@(tsl%@e%f f(?q Fst_
liquid and fir @98 PP§iEee¥nich Ff JSWeR) thafk b BERSSHE tReStFR9S(! HPqui d
or the first séhedrpesgnceort phRrénstedr achd datedyski eederteddffoémst solid
phases at frombe286z¢alide0Cadallyst praeshaet-siliicateschoalyrstt banat he pressure

in stagel®, theitefipeh alibxedandat8aTUEEmPLei dithes eheft B6l 150 186239, t 0 obtain
a second gas Phasgnt W GhataBk e M3hCH 80%BoRBIONL A 1k Qe ¥1d Mol
organi c dil uent,, %ﬂgct? use%%ngoglbwwei AL sgc%%d ﬁ | ’nglse'ﬁr m xture of
second liquid and second sofrd '%has_eg, WAt ch e &HEPRET CHE*EAR T o de.
35 The princi pFEPORCERPYLYBESEERHORIFE /| FUR MSMPSTAEUTR RS BERSFYTe
DE- A- 19804023. brAagaskIratiedr BPeas rtq lebtaixtarfiresngde phaser andi pl bixsyy
am noni t20 | e, ilégpidrphasenpouadfixet sglhdt phade lorast mnarenbfof dstgr oup and
at | east one nisblliteafd GifstVA Al D Dhlakel esndilsd tREET efd &drseSgesiptalsk
to'6 carbon at ags - roryied Boh P8 LixSe FiaChl BRe O Ry Folld dHaag! v ¢
having from 8 %ofifﬁ&pc%r gﬁﬁl‘éﬁ%érrs&erﬁ%lsgr%/ie%}uéim%nwga?ﬁﬁk%rsﬁlxﬁi‘?‘?aﬁeéss bei ng
25
(3) postcondensing the first liquid or the first solid phase or
the mixture of first liquid 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 aminoalkylaryl nitriles are



45 ani noal kgdsg 81843 il es which have an al kyl ene group of at |east one
carbon atom between the aromatic unit and the amno and nitrile group.
_Especially preferred am noal kylaryl nitriles are 0050/51573 5 those which
have the am no group and nitrile grou&i nthe 1,4 position relative to
each other. The w am noal kyl nitrile ed is nore preferably a linear 5
w- ani noal kyiPosPt ¥hieh i}}?V\%h}F/Bﬁ ATHEA Oz IR QIR AN BT § 1€ - @Hip) inptké eX,abl y

cont ai ns fReMitien nglatdrboho atamis othere preferably from4 to 9 carbon
atons, such as 6-am no-I|-cyanopentane (6-am nocapronitrile),

7-am no- | - ayenehexanea1kyd- antAord Ean9leRl.aAnG 3 20b 1P 1Gyanooct ane, 10
10- ani no-d «£AaReNARe niR3E§L oLl alskyPERL ST ARAY 6. arn noGapLont trile.

6- Am nocapr onl.t 1r~:'ab]§y 1S gust on%# Iy oBt al he } ﬁZd‘P%’geeWatl A2 o

adi poni tri P& ACERT o (FGEBLRAHP et iBdL2 TRFdORi BEAMS o MogRaREEELLaPLY5 DE- A
836, 938, DEFAMg48t®Y CHrbes. gtomsyssugh s G-agdnesk-cyanopentas® possi bl e to
use m xt ur d$-enhirogdpnoalitryley, 7aamano+l+dyamshexamé xt ures of an

am noni tri lseami hér f+oylaheheptaignor@RnSnoL Ncy@nasRL gn&apr ol act am or the

bel ow- defg n@dami fd-Ur-RyadBnbiarie ,PRakt EL rélmggk{@ﬂry especially if

copol yam des . chai n-1engt olyanides are to be
pr epar ed, ?hgm?%ﬁp%\%ggggﬁ%d ure is used instead of pure

6- am nocapronitrile: 25 from50 to 99.99, preferably from80 to 90, % by

wei ght of CcARIRIRAPISPARFLES |18 cusbeRm@r iy obtalnedrinf dydbbyedatdmnlofo 30, %
by wei ght eflipenitgddee acperdiirgartbokybwre methdds gl @edcad bbaorol e adb@HPin

consi st iusg pata3e3@ld3shabEca @ueCh84 a0 ul-2a5bexy) 443 acids, aromatic

CB- C12-di car boxyl i ¢ acids and C5-C8-cycl oal kanedi carboxylic acids, fromO

from4 to 2o cariee ¥ %e aidh Posebiy MEIC pltelity Delh Giralgtz0ot o6 by
wei ght of éﬁ%;%gﬁréﬂ@?l%dm%?f ai&af“llﬁﬁ?ﬁt?’f}%(&’}tbréﬂ@*m y fromoO to
30, % by AT San 1O (e %R caproladteam ati thebedbwiief omd edpoas Ng
lactam 20rom O to 10% by wei ght of at |east one inorganic acid or salt
thereof, 43ntaepdrdicul dnadnbudiigbht pesdiiiades A0URG1Yamides@Q% 0050/ 51573
6 Suitabl grah&RIDSFYbhi ROl thBRb Y0 13ahRAEL | fre Wb bd 05K discarRoxylic
aci ds SUChfafléufﬂg ﬁ&ﬁt&%@‘%s ggg&a{ﬁéiead 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-Ci2-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,m-Cy3-Ci2-dinitrile, and

from 0 to 50, preferably from 0 to 30, % by weight of an
40 0,w-Cs5-Ciz-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%.



aci d, adipigosigighspsmelic acid, suberic acid, azelaic acid, sebacic acid,
preferably adi pic acid and sebaC|c acid, 5 partlcularly preferably adi pi c
.acid, and aromatic C8-Cl2-dicarboxylic acids such as terephthalic acid and
‘al so C5- C8- cycl oal kanedi carboxylic acids such as cycl ohexanedi carboxylic
acid. 10 Suitable a,wdiamnes having fTrom4 to 10 carbon atons include
t et r amet hy| BHdAPARi Aicarhaxyanet #51ds ddcaninealinhakaget hyl enedi am ne,
hept anet hy| Gmr€de evicnglicapboexigichpcédedsenti @e, snonbmiet laglidpegladme and
decanet hy| eneidi, astingjc preefder ahhyl frexatal hytiened astiag. addidic wei§yrt her
gl so possi llébacacuseialgrerebable aﬁ%@naeia%ﬁdseim%% ic 3CI ds and

i am nes, g 608G i.c met hyl enedi ani ne,
which is ?< chh%%l%;kfre%%b% aaﬂ\ﬁ-qéz &?‘g ga e used is preferably an
al i phatic 8n| % |qlé:a Bﬁﬁl’a"s AF 148 gL RSh FERRRD ?%lﬁoﬁf:ﬁil?%‘} also

1, 5-di cyancﬁﬁe‘ﬁﬁa‘FiéC1033}]‘696‘?%8%@@%%aﬁeaClPSYSGIFby%mohept ane,

1, 8- di cyanonstlahexanddidbadboyghbmadme, 1, 10- di cyanodecane, particularly
preferably adiponitrile. 25 |If desired, it is also possible to use

di ani nesy g obdyttaweeé Gk anie8ORLY 1Hd G3oflCh ! %Y of LAPLOK AR L kydene or
aryl ene or eaclrlé%ggﬁideq{b%é%%gggu %tameth% erbe l?m am no acid used can be

5- am nopent anai ¢ exanol ¢ hohept anoi ¢ aci d,

8- ani nooct dIfSRECtE¥ %Pedg‘aa‘r’rf’ﬁorﬂﬁ%%‘reé ¥Lenpdipdingi nodecanoi ¢ acid,

11- ani noundS¢aREERY leniadigming, sanageststenrsd iamiordandr ef er abl y

6- am nohexalegiapetby teneldl afline prgarfier abily uhakatieltighénetsiechinan i n principl e

be any organic liquid diluent that does not adversely affect the reaction

nthe firsl 1§E ?E’rtIPJIEfaQEﬁglﬁgss:.fblg' ATLS Q%“b@ iﬁegulacf%rginégg Qo

S ou :
et Sx ¢ acidd ‘is ‘ﬁ%ﬁl ﬁ%r esP i 83?% Eh%lf@ﬁtagf lé’ne

et hanol , n- ropan
gl ycol, di | 8 ‘@?W@F ???%QW\ LBfe @ﬁ”;ﬁ}blls KpRYR A% B éﬂétg| ycol ,

et hers, such as nethyl tert-butyl ether, diethylene glycol diethyl ether,

t et r ahy R@fThean, 066z ha-dlkidndde used hisaprefecilsne annallépkdareic dinitrile
C5- d o- cyclsmehkases, 4-sliecfansbdarzy ¢hahpsmit:i1€5; Cl0s afi@hbséntaiGh as
benz&ne tL q: BeRcy ondxane, 1 {m&?ﬁc%ﬁowpmeen@ a'\hfc'ly @ch‘:e(é' act . 1;5;“
as nme ex

7 caprol a?tﬁ%&ifgil aglaﬁl%ll-’ pgf%%g%g&@% trJg:aP arlf‘le? lragﬁé’epﬁpegﬁa\%gﬁ

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

30 The a,w-Cs-C;y-amino acid used can be 5-aminopentanoic acid,
6-aminohexanoic acid, 7-aminoheptanoic acid, 8-aminooctanoic
acid, 9-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-Cip-alkanes,
such as n-octane, n-decane, Cs-Cjp-cycloalkanes, such as

45 cyclohexane, Cg-Cjip-aromatics, such as benzene, toluene, o-xylene,
m-xylene, p-xylene, N-C;-Cs~-alkyllactams, such as
N-methylpyrrolidone, N-methylcaprolactam and lactams except



to C6- Cl0- ap@s@yie673such as benzene, tol uene, o-xylene, mxylene,

p- xyl ene, especially toluene. It is also possible to use m xtures of such
organic liquid diluents. 5 Oganic liquid diluent can advantageously be
used in anobunts from 0.1 to 90% by wejght, preferably from1l to 70% by
wei ght, based on the total anpunt uset in the first step. 10 According to
t he i nventi SAPTAUISLAR, stucht @§ PR¥EDLidonenyBiviirulasapiefezancaniinogiter | e
with water ¥ Gsh€i1pragomaticnf sachopgaperczenle), quoluehd UeRkydénd, EXPEER Ur €
from about Pé&ktlenaboespefilly poBiaieablry 2H0alscl@PRskobBOAE w3diOfixtures

especi al |y @d@ch2dPqdwi 2Rk id 2dPaenft@r, Which a pressure fromabout 0.1 to
about 15 x106 Pa, 15 preferably about 1 to about 10 x 106 Pa, especially

about 4 to Orabout ?.x %@6 Pa, i_'s set. In this step, the pressure and
t enper at ur €2 canbe é%%b (BdUPBF 2730 ABNEAZRP U e Pe] HSeAICR AMRRYLS sramo
obtain a |iYui #%P0% Rbved9pkaserefinrahlyi fxem d ¢o MPyubyl werighs ol babeshase
and a gaseo¥s thkeatetal(ambemor dsed) itro thkefirstenttepn, water is used in a
nolar ratio of amnoalkyl nitrile to water within the range from1l:1 to
1:10, pay tAcWaLh | 4 hi he; r AN S e T very
particul arlyy al%l‘i?‘f eggﬁlgﬁjg%h c%ar{lr gﬁéggﬁﬁn&;eg ?%Q%p él,) igvio)f% s'ere_nce
bei ng gi veE][‘,eto, ﬁg,fse SPGE &1 A HENHBERT HudDE BRes®MRE &fi ADATIANIRI tril e
used. In t M*SeApBUT R att RetPTRAKAFUSR S6PR RboHESRO oo talheuti 48QiCe of
| i qui d and BFSifegaphusabaydr 188 pemdbont 8 e’ easpecinliiyiabbet R woeabast t he
gaseous phad°Cs Sepahdcbdaopfesstreparsm afbdulti 5. $t€p,aboulle1gasepupphase
can be sEparmiregablprapdie hi guidbout 30! k BNBES effeditk@Hyt BSoJ0 4t ype of
sol i d or 1iHéud BhESReabadNES e, Enetmfssvr;ttgsf!éhén Sd5E Lo NG Wit hi n
se,fo

this step g3 ent. Ln wWo-pha rm " [iqui aseouys, solid/ gaseous
or 35 Ii quftz%?lggﬁfg‘}ﬁézsc@guge 653%%% s@el??ﬁleveprtgsgﬁ?lé Tt Rp8YPeh  ¥a¥an

al so be adjafs{tdOPEFLY i/ d1ABIR L dERLED Rhagsc AN dalixthae efieliamidt hesi s
m xture is §¥é8cRhags andspngaeeasi iphase. | i qui d phase. The renoval of the
gas phas@ can be effected by the use of 40 stirred or unstirred separating
vessel s or aesgaindaid eheesnddtiddy (Beets® Ake8VEPY HAhrappaiftys, for
exanpl e by JRABALRYL rfitkaikalONarRYAPRE AL P heOLahBl Nedd 1 SVAPIT JLOTS,
e.g., film SN g][sy %réf‘ta)]\_[anfarevs 8 ai[}gul ar |g rea_(l:nt ors "ensure
an enl ar ged phase |rELe|p acﬁ;e. B FAEPARnthS dER9e, BEOY itatPoh: &F VERE 45
synt hesi s M3XCAFRIYTIY RESHEEARYY FitBAR thendedmentyomed :Retesbtfy to

i ncr ease?’ MECHRESRCE RednPagéverrha ifbe nvee oft Weternbv aixcebst her@H0h51573 8
gas phase ddwe bmifemlkydr edtbild hsedddi ti on of water vapor or

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 liquid 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: liquid/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



“Inert gas '36‘59/‘53%7@ qui d phase. Preferably, the pressure is adjusted at a
preselected tenperature 5 so that the pressure is snaller than the
_equilibriumvapor pressure of ammonia, but greater than the equilibrium
'vapor pressure of the other conponents in the synthesis mxture at the
given tenperature. This way, it is poSsible to favor especially the
removal of 9afmPhAsSe £38 Pa rstﬁ’@éadugﬂﬁ@ [Redibloniaf grteRevandr ortril e
groups. Thénewp-grasetpr beedugeidsppasd erably carried out at a pressure
which is greater than the vapor pressure of pure water corresponding to
the bulk teppesadning @he!PRedR3e! 1ONadYudtekCat 12 §¥gseh@§§e&r¥3%§éqgture

equi |1 brisi ML VARAr CRIUL Sl SATIRDS for AT LhE WA pREET S Led enbodT ment
of the two-phase procedure, ugalllzes an uprig ?qOW tl,)u e whiteh i s oper at ed
under upwane?T %8Rt + i Aty TSR0 FVERT hRS (FBHIIPTOWR @POX f ur t her
openi ng f oPre®sfss qfhhhe PRV SPMPIReRES Julkhe FEHAESLscRRXBEe at| yher
partial ly gpeeketempetrbtune alTists pel) elts.isl poas bl eror €dvenbextierdallyt he

upri ght reagéoremtvidli a€daribriifae ahtot P SPepEOES e hyar8Byd 1RIdsy theacked

Wi th catial ¥$tr B &rodbsUp to the phase boundary. 25 In another,
particularly preferred enbodi nent of the first step, the pressure is
selected in such a way that the reaction mxture _iS present as a single

|i qui d phasB® ¥WrPhasgs BuResiidseif PTHIRIARLY| FRTHES Q4L 3F .2 RELSERFS

si ngl e- pha¥Biph cfe@iFeater Hehamthpeyarer @resdinemt ipurg ¥atey t ube packed
excl usi vel gonrédpordiingatal thet budketemperahncer df nchet aebbeiomuentuos, the
am-noni tusi bet Wwed< /thiahUERd eqilittibteun SrdiRat pledddde drhemhoeithanger before
being introduced into the first step. It wll be appreciated that the
amnonitrile 35 and _the water can_al so be heated separately from each ot her
and be ni )%‘eaa%ﬁtuﬁgr? ?’r%’fefgetrerﬁgbe%f%é;mﬁ'sné: 8? %‘?%ﬁ%"@ﬁ%ﬁ%rﬁrﬁce “fegar ds
the resi deHEEL1757% 3¢ uPﬁbg%E/rﬁlﬁgstg‘éb?ﬁ%'ﬁﬁ‘elF nPReF@ted pries upyarghglew or e
no restri cBp@reptivanddEvess ahoNevthe produstiouiletemalfhythes axpeadngi £4% n t he
range fr2ongabophiask) removéks This abbularl Gelaotos,capr deefably ov tphraiahey r ange
from about p36ked MledS cat Sl O We10ebOUITh aAbkbpsiHed BRbEA Bfiéhd)O thest rictions
16l thor. ABEDSRY Beddcbbouen Bed 7R fle GUSY RS e badocllukt 1 soiRELL " Ster
nitrile grgé(gggyivﬁ'tgt g%l%% set g“g‘ﬁ%?g nyupngt% fé"%%spkﬁ?aenggggu?rﬁo nmol %
preferably at 0050/51573 9 I|east about 95 nold, and especially within the
range fr2dmiabdrathesz partibpihardy Reeiprresc Rmbedirendn of hehefigstostep,

am noni tri khe psutbur® Thesalidatedeigraugh eoraprishain the cesdtoar mixture

det er m nedibypr@sdnt 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



“of IR speciopsdyeag78CN stretching vibration at 2247 wavenunbers), NVR or
HPLC, preferably by IR spectroscopy. Nor does the invention rule out

.conducting the reaction in step 1 10 in the presence of oxygen-contai ning
‘Phosphorus conpounds, especially phosPhoric aci d, phosphorous acid and

hypophosphgrous acid and al kali nmetal’ and al kaline earth netal salts and
anmoni um  sSPPS 3HRTedP Bkl 2ndngseeyiallyHyipERin NdEHPERge NEeXP@Rou N 2 HPOS,
NaH2P2, R3Pent, ahouzpél medApeschkbpseB onk2 P8 le¢H2EOaninonitiide 15 case
the nol ar naedo of wam nonitrile to phosphorus conpounds is selected
within the range from0.01:1 to 1:1, preferably within the range from
0.01:1 t@ Gnd:drcrlie bEAG) I QheBaSbERsl dustbMEL B UL Thds oL iDe
contai niNgop g %LRRRLEL B! EnCate Yoning® vibrsliod Qb 008 Ghdertnbor
catal yst, o sheetosiTrealyy (Starvse Oing VAPEATIAR @tosPal taeRipbers),
conpri si ng™R rPmEFECr oPEDFRKAN YWRY gFR SHeCARABE_RY -and from O to 30% by
weight of rutile and in which up to 40% by wei ght of the titanium dioxide
may be repNacetbdsy thanipstertion dele |dutd conbYcPINE tAe 28hMOTY i Sté% used,
t _hehpr oper Ehpﬁ&fprﬁeéiéé%ﬂ %xﬁr@@nléérﬁ!ﬂi%%gdﬂ)l%%[?%lrﬁgt Bbiiund 9“:]9' pe as

i gh as po r A . pur cat.al yst 1S used. e

am nonitri Eé%fi) s:g:glaggtgé pie deoiff Cﬁ%ﬁ%r@ggs ac:1%e P?oﬂ%@gsg%ﬁv%i ght

re

gl S urltie,. atraa :
of inpuritfes, ¢ Jhé'éetiag‘n.éf‘ee‘?'l ka1 RAT ! Metati At SnduameeR st 30
conpri si ngSattd HhGrechssuftn@gs Naskiy - NeH1BOs, PafEROap| YaHPRe, Nea8P0sii on of
anat ase i sNRRRPe7K1RO18088 AP wek P04 arkH PRe, KyutiPPor tKHR09f irutvhlienfrom 20
to 30% BY vesghthe Ralar atdtdo ofr efeniiued tirs1gi $&phHodphbi®s GRPohRdHSINY a
titani um dsexedted atRlySiheC @EREE SENgh aROYL1 7QY0ihY WeLgkd -8 yanat Rgse and

about 30% 8 aneel ghtm of . g1uli LE- o Thg cat al yst preferably has a pore vol une
of fromO.1 toangénﬂgr? partichar]fQ'elpreferably fromO0.2 to 0.5 m/g. The

average pore dianeter |s preferably within the range from 0.005 to 0.1 mm
parti cul ar F¥® pre8CEtaBI 32 iteR A £5CaEig8 Prbmn @ dlovotubegonkpinindiaghl y
vi scous 2Pr Befnatedapeid seatalyst sekectpd £0opor detiaamedbites atthdybe, lar ge.
The cutti nghémir-diddcats qutellgsabdy a grieahetm tdidxide dhtgBidhi ebhgFiding
pref er abl yeroR 5 oNeco Theo BBy weEhacSE andRaks METRbAPD Ve dON0R Bgaﬁefgqat”?/ 9,
par ti cul arby oeLeLabl h WRen! BaN ol 44aB] Gye el Be BET SULTate ared i s
smal ler, t leoxbedqa vl une rshqul e rogr ately higher: to ensure adequate
45 catal yst ACLIVI ?1{' PdBIEGF Y, 396%%815 PP e Bt-alys? SVHHA BYFRe  fol | owi ng
proper t PBs2MEEEE 18 kg 488, othe AYApopEien \Rf @Ratase on hieat it anjampor e
di anet er; @onNdeucatalystarsdaeid;be 6 hith BEPGBIDLELFRfeGabbyy face area
or 84% by pwiqghinathsanmtadgst 168ounedieIghthofamihohiteild udedl E6nROMS
vol une; 0. Ompuritavs| ager RaaAple @i, 863N byt Welibhe dardpasscidd, ne/ g BET
surface arg@relBfceaiflgifed TBYudfhg 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 m?/g, particularly
preferably more than 100 m?/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



“prepared fpp&oygiEenrci al powders as available for exanple from5 Degussa,
Finti or Kemra. Wien tungsten oxide is used, up to 40% by weight,
preferably up to 30% by wei ght, particularly preferably from15 to 25% by
“wei ght of the titaniumdioxide is rgg%aced by tungsten oxide. The

catal ysts can_be prepared as descri in Ertl, Knzinger, Witkanp:
"Handbook SPTARFHATEROGENRDULYc Heashkiaf angtpsepi Hiteibm web@Tt qfages 98ff .
The catal y3tikean bé wiéd pareanplumsi riadsuint abéradeoporel didmetedi;ebermbl y
used in theutoimy ofarshaped 46 w2¢y eMET @XirEHOat &Sl ThRCL G SstBSRRGI LY 1N
oadi |y sepseirl sl Frof Somiclal BbRied Bt n90Ltapit] of Ellacd BpE 10 P

eadi e . QM. . l, . .

1[I ovvabiyl i%t Bé@?ﬁbéiﬁgz%?g% (21? xe &?thwl%nerpruél EETB % A% 18elPEL” 48 APt %% he
catal yst nake% 1% po§§Fg‘Freati]6' PBNEY St Y WatdhysParsdrabttdl |y at the

poi nt of eRFefeTahhyt AEOR }SttosREp. bporeighterfinphe titeohani diaxitel fers or
si eves ar erppbadetedyatundrterpornde of Thexicathilpstd lanf bespragafed ag this
purpose. | 8esdweibediatial gstl, KnaddhiéoNaldixkumgd tHandBBogRESONd and/or third
Ivent ] o, e b Y R AR 007 RSP b rer

ntion, a A ,

' eact ed incé?fga %tghgﬂg Lt gg‘;fdrec%regb%ﬁ}t% €958) 1% f§bout 350
(400) C, prgf%f Yaisg tﬁﬁﬁé‘rea?a% of\iSPRPRA t et icdRGe E¥GTHdREEEt 0210 (200)
to about 3BBL{TI0) EsPeetpllst 4Nl Yhey fanm ofhpelkatyo Thenpelblotts 286 (230) to
about 270 Boef{L2SWLE safifficiemtdgslansgertiocbei BeddMBr skparapiie fREASENEE | N
step 115Theoquaas stikeuid Hficepo? t6 mpafier aht Ve Rdwabeasty @%%eopgmoﬁ&gg Pa

| ower thangihenPreesvésciibrstep 1, and generally the pressure be
within the ranggg from abolut 0.1 to about 35 x 106 Pa, preferably wthin

t he range from ahout 0.5 t bout. 15 x 106 Pa, 35 especially within the
range f?orr%}é%cﬁﬁﬁqf%t Bo%ﬁftot SxCats it mphes LPets_H"l”'rsbgh%k’f& Femaye hiens

cat al yst ) . C¥fRists¢pmechanealdipat skl @oint pf evsitr Sramethwelfdesedssepas to
obtai n 80fFestexgaplphasechandcalffikiersi qui sieves iaret psotidbdphasenst0 or a
m xture ofpéintsiofl eqit dexnd cher s1r&0lstdpphas anidNPutpésd | 1§t thgas phase is
separat ed éQmydhesbi addidionh tly Ofsdd 15! LAO!ddbRldSfa/ QL i@l Lpg, Myt ure

of first Ijgui T |1 d phases. T I st gaseous phase, [
consi sts e%%éﬂnt |f%fqﬁ?/i%f§aens%§ﬁi gn Y ahgowar et vapor, is generally renoved

continuously by neans of a distillation apparatus, for exanple a
di stil | aPi ¥FFAISLANtO Ae igvgahien cohet reaskion oiixthee dibkdiihkdt &n cdreenoved
in the couftrstofstep5Ds SEEEBetlreddtiesi dnsstép &t iaana pemstottngast £yom
unconvert esbart 200i {150 tol bboot 358 t(hoU) ©r greicerdbl PRt a capdratRal |y or
partly recydi® kRbOrafdeRromaMMA 250€0260) 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
1. 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 liquid 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



‘5 The resigggggsg_azg of the reaction mixture in step 2 is not subject to
any restrictions at soever, but is generally within the range from about
.10 minutes to about 5 hours, preferably wthin the range from about 30
‘mnutes to about 3 hours. 10 The pr oo:lgct | ine between the first and second
steps optionally contajns packing el nts, for exanple Raschig rings or
Sul zer mi %0y éSéﬁféﬁeEl,owmipéﬁdwmqnttlm gngorvsrttes painexisaridiconioh dhe
reacti on n¥ikthaus pnganihaijaenphasan bEhwboldy ateparithy peedyoieldaintot 0 t he
si ngl e- phasesprioecadvoe. stldp Br.ef erably, the reactor of the second step
| i kew se contains the catalyst material of the invention, especially in

pellet fgr tor provigdes further_ inpraovengnt jn product
properti gsﬂ%gmggégé% ‘?]hmegogat:g‘? rs@t{%i-cftrlgre1 ?‘le’é%r%)er 8sp %ﬁ’a# ¥ BPthi gher 20
pressures ANWISST FR MY r&ﬁ&éﬁw%} whatgperehndiltht 167 Jeneraddy Watkinin the
reacti on n¥B& Fa@geTERMR rafiolite 1 A THLpItess ipeabdiu|S5d hbers s @redfieedbly such a
way that twithiinstbei tangd firom akbact i30nmihxtes eco mbsat NS wourki.ci ently smal |
to prevent any blinding of the catal yst surface. According to the

i nventi @9, 79 BaLBE PinHekwedr {HLPikEE é’?&%%gﬁgg@fﬁﬁ t%?%gP}]%ﬁle.} s

equi pped % fi.lter ch_guarant ee reaction
m xt ur e a\rll\é.&g%lf)lg g%%ﬁ{'}?e Elgﬁ'g?éss't_ ,rroﬁg?lﬁ%fer é’é‘@?%’bﬂ ’g’r%&%ﬁé. Splz€ ep 3,
the first ‘P}r’ﬁﬁﬁ,deé?”_“?’h?'f "7 éFhséqlc}lﬁﬁageao?ortq?@léednemqn%oafofiv@t i qui d
and first SRAGHAOPhBsRtYZe 48P xEke \dash phasgasRuiss relatésuiith phasiowleyri Si ng
wat er, prefertdiel pinglerphaise paoeedurapor. This is done continuously. The
anount 5 water added (as liquid) is preferably within the range from
about 10 t®-eHa@db1y 1R Hea reke .t hi n. . A rom.about 50
sol i d phas,I?an or Yot the mxtare of Tirst PRyl sAalty riit PESLPY I¥se. This
addi ti on of"SAEEBPEPT i RRAVIHATS cANPETIST e AMPFRVSISNS: in| RRAEL] REGPERIA SN st ep
2 and fur tIRFPereReVHHrfoIcRsrEY B - frced reattor lespgrebably iat hligheynt hesi s

m xt ur e20 Thiessnresl arxdfar an46hd presencadvaint dgegef ahdirk iofveptésy, that the
m xture ofwdtee iftelid iMGctRbRIMDIthras vemMsbrdtusbeind HAsshe UsiEs W bR @

snal | eXQﬁﬁ%cQEd“@ﬁQﬁuﬁphyWaJTEhd@aEﬁé'Gfggggf%&ng IARE YLS 08 o) |34, G Rhase
S prefera% ;48 RS ed by rle%to gxghanger bE['oIgcf. bel ng $ntro§’uc dinto
step 3 an "?ﬁen mxe;(;;vmt% tHE Fi rot PFEORd 28Y PRERFiNsPEsEPe d phase or
the mi xt ur@GrHYPFr B85S dAGRFHNSs £°) Figii ipvsRaden, he peart o?f 084/ 51573
12 may2dptioBniheyserend pregess tStepi xPaglieleawipped whitdh sfiavefiesr t he i xi ng
of the confdrrenssvhiBthegudrentedechepenai eyl aft thet eeperianumnex€irmaha0 to 370C
and a separate the catalyst 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 ml, 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 liquid phase is preferably

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



"5 pressurephi@sPsAzto 30 x 106 Pa; if a catalyst bed according to the
invention Is present, the conditions applicable to step 1 can be enpl oyed.

.Oherwi se, the tenperature is preferably 180-300C, particularly preferably
'220-280C. The pressure is preferably from 1 to 10 x 106 Pa, particularly
preferably from2 x 106 to 7 x 106 f@_Pa. The pressure and tenperature can
be adj ust % GPEAERRbhAE fAttedictith WAyinpmalemeatsywhimsifarmhat e i s
present ashixigigngfethe japmpgnentsol i d phase. | n anot her enbodi nent, the
pressure and 15 tenperature are selected so that a liquid or a solid phase

or a mxtaued of caplbd cpadatbgui u SE S8

obt ai nedg Iqitsla'gg q?r%e%, 36 h:g ii?%?lsﬁm%o%ggipﬁiéé%o??pﬂg a"rﬂaft ure of
i qui d antfhsol.i E ase .corresponds t o the pfodlttlYsH Pedr 2 gasot he
gaseous phase TE8epdt dfeBT 5PNt ASPFaFPRYFtingst APRLL¢a}e tRestRIdogenphase
can be seff &FRYCYSSImMALRErVisRi ther teBpeTatyrieade prefemablyhesodlcoice of
solid and Rargdrdlahly @ratferanly,220-28D .S Thehpséssutiex el préd@irEblg whéhi n
this step kao be x presseas ﬂ:drﬂiw-labaﬁqﬁézreﬂ‘hbh%%ﬂdﬂ QaRePyes +oS9! | df gaseous
or |iqusdssolid/ gaseous. 25 The pressure can be adjusted at a presel ected

tenperature so that the pressure is smaller than the equilibrium vapor
pressure qf ammoni a, thf‘ reater than the equilibriumvapor pressure of

the ot her'oRpBREHS &M AHIRES PN e adlus hed tie egchept!Be: tianper at ur e.
This way, §%chi 3 posdihgtethe syntdhesdspetitairey ishpresestoual acéimyeoni a and
t hus speedigpither taadridl pbase ofInt heothéxt rénbedynemps thEhpragnaraatana/ r eact ors
usabl e 15 tefperatefe Gae Beleéskdd isoathi® a I3qhhASEr Af 3hER dnadll SEUgSEd
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parti cul afy Bt e A9yt 5914 Riass qogrepperds gonghe sProfvetpr oduct
m xture oBHAEHER Whereap Bhe gaseren phafeirdsheepaprceoséd &s mescorbed
bel ow. 25 thdE0# 8573 he3gasepus phebercad bersedar®rdd frbf PROAUGR iR g ure of
step 3 is sogib]gedsrd olr0 £ Ao aseC ARHERERId ORI 1 SARP 14 galial SHHREY atures from

bout 200 t f t , bout 20 tc
abou ohee Aokt RO AEnt RE ST L MARLY r @ f&rﬂgﬁgréaéﬁngisgkégp%??g%g&t gg 0

300C, i f Q. to, 270 t
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The pressure can be adjusted at a preselected temperature so 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



"Pa, more ppeseyaikyswi thin the range from about 10 to about 300 x 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 liquid or solid phase or a
‘m xture of second liquid and second | id phase which each conprise the
pol yam de. _The postcondensation of st 4 is preferably carried out in such
a way that IPh RRATECTEE SPRRGSER), (HemRnosycht mixtunepefaster ofis 15 25C and
a concent r BePiRFtsd togaapogksiopdensaeion 08 stepnd HBYtempengtirdsy rweinght of
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apout 1. g 220 A0 1H003c p. odbcd Al o ££ &P hRROS AN 2785, VB (PiESENt [N the
i qui d pga : a an Jl.ner as_such as njtrogen.
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regi ne, thédhrReduén theeonekneeh tispsBepndtint epmper@uradtan@nptéysuznt ai n
packing eheeresdlectbar s@xatoe oBesTH ) skicBAE §4s PHage! afld Xd RGBhgMENt S,
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I nventi on. e use of the catal ysIPpl n st S Be yr%flg\?es the nol ecul ar wei ght
bui I dup especially when the relative viscosity 35 of the effluent fromthe
third or -Th¢ Rapdcendensitioneofhstrr & dp ppefamblyecarsisabrutsiepsich | ess
than RV = &.vay thad/ the tred atblar visndsiitlye (geasiredndtagi tbrpdirdeusdgent in
the pol $6e251CS agieat @dncdntaftidh &@ahgbasesbmelNBe Ol @S rdf iamyswonitrile
used. 40 | Befergint BTy eradorRy. Al gk ) ol LA o3l ol hTBL RSl SPensed
with and the po %H}'uqet srgrngga;_eo g oﬁgri %nq% \%gt STEDS CLEZSES55 &@and (4) .
This variant 1s preferably cdrried U as’ fHITbREE53 13 step 1, the
reaction is carried out as described above. 0050/51573 14 The reaction
m xt ure i sI® re@reéderredaspodinente syl Wetentmnesest imtthe tldqpéd aphase Wit hin
the rang® ¢amrhealsnel RRD HyomebositoB3GACinant gasplisashUs€ NiitrdigBnt he range
fromabout 1 to about 7 x 106 Pa, the pressure in step 2 being at |east
0.5 x 106 fi lr@eehehbit i BeSLEP reackliohRiNAHE §hMBued NEALEEMAL i NG First
gas phase_é%ec%_ggg{,%r@qrjer (agég_pgd ijerl%:'ln'a ui)sﬁc:?;%h?se. htﬁ#etef [ ng (llll qui d phase
obt ai ned |{}}este i S tre%%le In step 4 as' 999°¢tEp PorteIPeRatWifger at ure
within the ar%gsﬂ’ﬁ%aa{ﬁo S29PUN P3 WabRT Atded pRex8R S-within the range
from ab®®t 10 to about 300 x

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, t h@osoyWliis5i730 second gas phase, which contains water and ammonia
with or without organic diluent, being separated fromthe second liquid
.phase. Wthin this step, the relative viscosity (nmeasured as defined
above) of the resulting polyanide is égo adjusted to a desired value within
the range fromabout 1.6 to about 3.357through choice of tenperature and
resi dence fTPRereaHd PeBiKENTR) iSctbRAted Gl dtphadeas deskenbedrabmviei onal | y
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respectivethtepsedsiite Bf €4V 8dihgt & Aleas®a8ts QNG g@f p e RLEERII NG 'St eps.
It is furtBesypfefgr @Ege iR sahgct d rig%atyrre tan(‘;ill pressure -251n step
1 or in step gzra(?tred n. Dot stqep i'g\n ‘H%e 88 55 % 928pPAFIF 45 i quid or a
solid phasé or a mxtare- ot 14§Gi ot #8+ phase and a gaseous phase and
to separate off the gaseous phase. An apparatus for carrying out the
process ac&bedfirptt diahed Pksenvbheimed iin despri hied theatexaimlseepNs as

DE- A- 198049835 eam 1aor Sabesraisinper &0 05 &/t hOBhd S e Bom [d1Hogo o 11 the
drawi ng 10h€H €4 -anbURt PLESEITR: whiPhid & HeORLEXL Afont NE-REOFPSS % ?%Ee%oro x

i nvention, {h3 PaSSr%Q ?r%s%cltg ﬁségé enc}o carﬁ out . a g arn exte

branchi ng or_a Conbipati omn thereol . FoF PRTLS pihi6Eecopdipferabearmid ng or
chai n- ext eﬁrarf‘?fblasm‘j’%gaﬂfé’? GhnCT P D eidBantkinaied pepatatedr fromrheadded
in the i ndPeFA;hIl igPdRsPhageesHishintthicestape ther ekdrtbvy wddedity step 3
or 4. 40 Useeasuredbesadebisedr eboife) fafi ¢hieonesuliinge poyamiatiecbaxy! i ¢ aci ds as
branched$ adjusiedssbi akdysirebxaaphesrithisuth@lmqal skeRSindti fupctd onal

ani nes 45 @BoArNGX¥hiSudttichd 88 € oSkt id i éQi@ék?cceﬁm The at |east

trifunctional am nes have at |east three am no groups ar capabl e of

reaction wth carboxylic acid groups. They preferably 0050/ 51573 15 do not
have any \(,:%atrl orfflu?glé%i%e‘_:é’rnguﬂ)g‘?uﬁ‘ﬁé’h&sel g%s?he"t cPpuRRtiaedilycar boxyl i ¢
aci ds havedifchazgef ardedicgepdkeds crorkeflquey oups which are capabl e of
reacti oBOwi t h am nes and which can also be present, for exanple, in the
form of thenra Futtehey gitefesredUstbREmRALEHE . thEN@red6ROXMvent26h dSa+
pref er abl y1akst. Bab 6PN GaBNynddBOEa0HET GARAY ﬁegéeét%@ LeOpdid
car boxyl i ¢pe 3G C?EQU:B,&O apples Of ?I \g?el e carboxyll ¢ acids B ¥ imesi ¢
acid, tringrize g%t%( aci.ds gre ara% e POPIECEIE §5 Mol eic acid and
havi ng fropi 50 8% BoCTHESATAPTEC FELASPHELERBBbR Y 9oLy Pressieds, such
as 25 1n step 1 or in step 3 or in both step 1 and step 3 so as to

obtain a liquid or a solid phase or a mixture of liquid 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



“hapht hal engodo535F3t et racarboxylic acid. The carboxylic acids are

preferably defined organic conpounds and not polyneric conpounds. 15

'Exanpl es of am nes having at |east 3 am no groups are

nitrilotrialkylamne, especially nitrjlotriethaneanine,

di al kyl enetri am nes, especially diet hiyéY enetriam ne, trialkylenetetram nes

and tet raaFRy‘P%tné‘ﬁé’ﬁt aRY rearboxid 1) agid wEouns; diheegtpietst abl y bei ng

et hyl ene bt bfunationai t errbanyd ic28c im daiveeas beasthehree decarboxyil Bes.
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i nt eger fgrom 2 t R’%; é"‘%)Z}ll‘ ;&;sng er ég)t(@lﬂac fi5 B §rag °nis 3

or 4, espet| alcfci/nq"?l ARy BTH00y ﬁr? 8rﬁ’§ re@(?"'&“p?’%"f‘b%b?"ﬂmn 2 to

4, especi aii‘F’y“1 HTOPRE - r BXATMRAICS Rfcaw@@@ sarbexyl ichecidaitae rramesis

i ndependené¢idoftramerdzed Hatty Bcider greparddles farhpdangbn oAb DEid

- (CH2) n- NHRctdadingiahav Snig t#reine 50 at $ 060y ldagbag i sksony,€ t hose having from 3 to

éo ar l:gxaémmﬁqbdegépw&bo&wi@r@adé 3s@En 4L ar boxyli ¢ aci dhgioups |40
referre a LNg_ ar i c_and/or . heterocyclic

nucl ei . Exg are E %e; Egt}%?%ﬁqox%\infzh?%]ccgn&% e f‘?+‘?:ﬁ1eny|

radi cal s of* é{r&f&r’% s of ag w{ﬁcdf’ﬁ@pw'fﬂspﬁnpdf‘ﬁ*é PQhmMesie, i ndol e,

furan, thi 6?]?%’(\’@ purine, quinoline, phenanthrene, porphyrin,

pht hal ocyani ne, napht hal ocyani ne. 45 Preference is given to

3,5, 3", 35-Ixgnpaesl bet amaisb@iying .aaf:llfé,astIOi’Jtiir-&n@C @8&@@,aﬁapht hal ocyani ne,

3,5,31,5 - mmg@x&asmamrﬂagxyégﬁe&qﬁ ?,,H 248t

5,3,2 75P 1 1§HFEF JﬁYH%rboé§+ééi§Tiyddle neQ¥1a§ﬁ£"% rléarboxyllc aci d,
3
1

5
53 o DRI ERGR AT acH, Mok IS a8 Lkulenspentanines, the alkylene
3.6, 8- adP‘?’cﬁtﬁéﬁePF%%ﬁ%YyP%n%(ﬁt@ylﬁaﬁtth:Jtﬁta-EISy Puetfleraore,

20 dendrimers can be used as amines. Dendrimers preferably have the
general formula I

(R2N-(CH2) ) 2N=-(CH3) x-N( (CHz)n~-NR3) (1)

25 where
R is H or -(CHy)p-NRl, where
Rl is H or -(CH;),-NR2; where
R2 is H or -(CHy),-NR3, where
R3 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;),-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,



"1, 3, 5- benzepgilysgaHRoxyl i c acid (trinmesic acid) and _
1,2,4,5-benzenetetracarboxylic acid. Such conpounds are comercially
.available or can be prepared by the process described in DE-A-4 312 182.
If ortho-substituted aromatic 10 conpounds are used, inmde formation is
preferably prevented through the chot®e of suitable reaction t enper at ur es.
These substahces’ wa@hhhalenghetrachubexyldisalecigs ef erably at | east
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t hose whi cfllpwqwem,sam@‘sl Amonngs f et deabt takfmepiosahcndnesThey wan be
| i near 20iptement, isuche axi4Gnclidrklaklybeneli@nicaas , pikf &iabl Yersa.

C2_6- al kyl enedi am ne, for exanple hexylenedianine. They can al so be
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Br anched ra%§ a usa Ie Vestam n
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exanpl e2 W%&Fdlan@m@@%ah é%m\h Jpaoslibst ipartddubyr Gl pk2farklyly from
pref erabl y5 @b_140al éspecimddyctien Ao the7cambhol sketqiialebtsmgtdonal

car boxyl i (poigiaisdar erfedleqRy aaDbitt & f&Qéeba\é‘é& forf @8 nemA! b Whiltional
di functi onalind 88biEs orTRRYHERAM RE al-k HegE j phatic dicar boxyl I c acids,
S.

whi ch are preferably C4_20-di carboxylic aC| Exanpl es are adipic acid,
azelalc36“ﬂf¥ung%?g§al carg xyfigngélds 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 cycloaliphatic. 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



“acid. Theyogsp/gh§9sbe aromatic. Exanples are isophthalic acid,
terephthalic acid, naphthal enedicarboxylic acid, as well as 10 dinerized
.fatty acids. The di functional basic buil di ng bl ocks (c) are preferably used
tn amounts from1 to 55, particularly preferably from1 to 30, especially
from1l to 15, mm kg of pol yam de. 15 Hccor di ng to the invention, the

pr oduct m%’f"i‘ﬂ@-%b&ﬁ?n@ﬂlq frdnep can emcht he swhoridultedubyl Q1L1zs-ec1kpm solid
phase or tprefanablyeCofis-asdgdndredicals andthecoarbaolskdiptese (from step 4)
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wat er apng/ @imex4Ri@CEANG, idcidQ.t0 a gas phase extraction (described in
EP- A-0 284 968 for eXanple) and/or extraction using an amnonitrile, such

as 6-amn %gltrlle he | ow nol ecul ar wei ght constituents obtained in

this afterT At S Afdn Pasic pididingahioghkads) arapusitesahhy olsegorimr and
cyclic cap?%ﬂ“é’éﬁaﬁ?@l‘ﬂgdﬁeﬁ&cmrﬂ:i@u\?,srilmgmfedabhymtdle 1f kos30 and/ or
second andéspectibiliy Stap.l ThelSi amt/kggofi pdlyamiasd the reacti on mixture can
be adm x®d in all steps with chain regulators such as aliphatic and

aromati c  LRIRAXH I@oam dhoahoasy Ltﬁeaﬁf&tﬁxctaRQxE\?)}] Hgn Sg”‘ Bebom 0. 01

aci d-cont aj nijpg, ounds I

to 5% by \?\jeé:%% Rg ‘? ﬁlg& Mn SEHR™ ?a%ge‘ PBﬁ"f"'B or thg @%‘W%@i ght,
based on t9f éﬁ?ﬁ’% Sodifi Rigshidxenssterl Qnivhdeh teadhes used.
Sui t abl e &P&lpﬁ‘lﬁég'\':ﬂ%ltmlyam%%:l R¥e fesab bk sanplod ypen piedliti, ¢ iacdilscaneiedc aci d,
benzoi c2@cindm the reaapionhuesseladind aandnteritdontdneshmit,Ngor 0ORMALS B3 18
Addi ti ves mentsf bf | €rgunpuc BuBSeQicgrant, Sth@lmy%ﬁﬁidét%ﬁalhééréa@ general |y
added to tmﬁ-kauna %‘dc%ﬂ&hﬁg%@ Rvht b apflrrle%hbégtloéq’desgrefe ﬁ% in the

second, thj h,s rtlc pr of efice fve usi ng
fillers anJTe §§| t |r5/g}sk'r énegie)r 8[{ PEISyhtheS ég StUr @twi I 1 not
encount er bed catalysts in the rest of the proce55| ng. One or nore
irrpact-?ﬁ)dl fying rubbers nay be present in the conpositions as

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 regulators 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.



additives igpsyyyay;s from 0 to 40% by wei ght, preferably from1l to 30% by
wei ght, based on the entire conposition. 10 It is possible to use, for
..exanmpl e, customary inpact nodifiers which are suitable for polyam des
and/ or polyarylene ethers. Rubbers which enhance the toughness of
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absence of -radical initiator such as cunene hydroperoxide. 35 A
further grgggi%%%ssl?? zha%f‘%o e1°5¢t g%r%xag}pgtecogz%s_%qy gBaet mogdbéess These
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not nore thad a Q@asd ¢ c S ture. nade of a core and at
| east one ghell Q"Ehhg %&us%ggggle %Té\?lat%ﬁgergeggetsso? h?ﬂe"]()&gerp*ferﬁe%?il&h the
mononers are. addad. 1he sorf  EEves P UBhE Parksaginetel fupctderal egropom

but adi ene, Vi tBhrEn§aP 1§ 1°fadPyeraGiionaFikyh We pedbanide atsedteblsi | oxanes
and opt i onff1§tipaaL heFoursinshiude  forSexamble irboxghic cariely earbéyeylaepar ed
for exaRfl enhydnidengedrmryldycesten icgebbkyLidGnadR] yAdivyast! axane or
0050/ 5157 3aritho,t @yaeskyly lepbkane] hwettaaaassﬁdnm@olmgsq%% g be, for

exanpl e, reacted with g-nercaptopropyl net hyl di net hoxysilane in a ‘

ring- openimé)(s‘eq

of
sul foni ¢ acl

I ol I rization, preferably in the presence
T ltst.gﬁl#%} HhRRCE (fe SUIRERES Rf dUe bhends idEARde Fran al so
be crosslifKed Sy, for exanple, conducting the polynerization reaction in

t he pre%énce of sil anes havi ng
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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se and ar &n&fdedeaafb&mllcnekbéﬂ 'atnﬁrnét Uﬁfdr&ﬁ)’l ex 651, 014,
T g e e e
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exanmpl e 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
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1983, pagest 4P feertd CrubpEtg first prefer?g%égﬂrdoé%ﬁbo Jf)cl’gl-'?r%nﬁéx B
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Expert-Verlag (1988), p. 78ff). It will be appreciated that inorganic color
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Black pigments which can be used according to the invention are
30 iron oxide black (Fe304), spinel black (Cu(Cr,Fe),04), 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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25 long-chain fatty a01ds. 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 prov1des 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 Ubbelohde 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 .



appar atus sooge/s¥sdire 1 of DE-A-19804023 using 15 ami nocapronitrile (ACN)
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40 The results of the inventive and conparative exanples are evi dent from
the table %lch foll.ows. The abbreviations in the table have the follow ng
meani ngs: THe TIBFIHEURND GamPaRet ¥R amplesfweram crirohedi utturia Afiom t he

45 feed ve§§@?ralwso&5hp@h§1fquwstlp@bd%—&\-ﬁvagwm @ping050/ 51573 23 To
enabl e tlReapkeeqrreontorbke cRTNIr enld wd e rACKL GPaGE r¥etofidy. e {) i st
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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 m?2/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 (1). 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.



"20 through ) first stage, the fill level in the second stage was
adapt ed. gTF}%b?%}s%%*n%e time in the fourth stage was 5 h in all exanples.
.25 30 35 40 45 0050/51573 NOOt n 4( VNN O cV NNN E'NNNN 3 a-iL00 v r

i m(, ONOO E~NNNN -'  au00\ DOON NNNN ugSNNoo F*uNNNN rrw a.u00000000 uC)

N a
FONN ) 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.

10 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
15 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

20 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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first gas plpaeysakgsza first liquid phase or a first solid phase or a
m xture of first solid and first |iquid phases and so that the first gas

.phase is separated fromthe first |liquid phase or first solid phase or from

the 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 gaseous or |liquid phase conprising water at

from 150 t68361%§00- and fromO0.1 to 30 x 106 Pa, to obtain a product

m xture. 2. A continuous process for preparing a polyam de by reacting at
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tungsten oxide, the tenperature and pressure being selected so as to
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conprising from 70 %E?Qﬁﬁg%QBQXl may be replaced by tungsten oxide, the
25 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 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 106 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 0.1 to 35 x 106 Pa in a flow tube containing a
Brénsted 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



Wei ght of apgs@gs164g fromO to 30% by weight of rutile and in which up to
40% by wei ght of the titaniumdioxide my be replaced by tungsten oxide,
-to obtain a product mxture. 30 3. A process as clained in claim1l or 2,
further conprising the follow ng stage: (4) postcondensing the product
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bei ng selected so as to obtain a gas phase and "qui d phase
or a first solid phase or a m xture_ of f| rst solid and first liquid phases
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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°C
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 liquid 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 106 Pa in a flow tube containing a
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and a second |1 qui second soI I d phase or a m xture of second |iquid

.and 30 second solid phases, which each include the polyam de. 5. A process
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mixture of first liquid and first solid phases, and

(4) postcondensing the first liquid or the first solid phase
or the mixture of first liquid 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 ligquid 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.




“salt there t/lkq elmiadi vi dual wei ght percentages adding up to 100% 30 11. A
process asgg)lsgi/%gg7:3n any of clains 1 to 10, wherein the organic liquid
- diluent used is selected fromthe group consisting of Cl-C4-alkanols,
gl ycols, ethers, C6-Cl0-al kanes, C5-Cl10-cycl oal kane s, C6-Cl0- aronatics,
N- Cl- C4-al kyl l actams and 35 | actans kcept caprol actam 12. A process as
cl ai med i n8any®oPrefegsmesiciained ighapgi of tHaimsr abd 7| wherdinidtuent used
is selected frésasheony odptheoges phiangs ofbtizemednén tied uespecodivy|ages
m xyl ene and 4@spregyfcled ihBo # Ne@EeSEn& L tReMBlebdt By s@hgsdaims 1 to
12, wherein the organic liquid diluent is used In anmounts from 0.51120 20%
b wei ght o bage he _t ) xture used.in the first stage. .
pgl yami gg Br'epgrg%?%%:’ygg g%%l%%sgs)%]sa&’a?tﬁep&ailﬁlsagxt%fgs’ (‘,’Sﬁf n11"1}'1‘30 13.
aminonitrile Used 1s an w-aminoalkyl nitrile having an
alkylene moiety (-CH;-) 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 6-aminocapronitrile,
from 0.01 to 50% by weight of at least one dicarboxylic acid
15 selected from the group
consisting of aliphatic
C4~Cyp-0,w-dicarboxylic acids,
aromatic Cg-Cj;-dicarboxylic acids
and Cs-Cg-cycloalkanedicarboxylic
20 acids,
from 0 to 50% by weight of an a,w-diamine having 4 - 10
carbon atoms,
from 0 to 50% by weight of an a,w~Cy-Cj;-dinitrile and
from 0 to 50% by weight of an a,w-Cs-C;j;-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
11. 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-Cig-alkanes,
C5-Cip-cycloalkanes, C¢-Cjp-aromatics, N-C;-Cg-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 p-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

14. A polyamide preparable by a process as claimed in any of

claims 1 to 13.




