1 4 JAN 2004 Preparation of polyam des fromdinitriles and di am nes
Description 5 The present invention relates to a process for preparing JAN 2004
pol yam des fromdinitriles and diam nes and water at elevated tenperature
and el evated pressure. 10 It is an object of the present invention to
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25 The invention further provides a continuous process for preparing
a polyamide by reacting at least one dinitrile and at least cne
diamine with water, which comprises:

{l1) reacting at least one dinitrile and at least one diamine with
30 water at a temperature from 90 to 400°C and a pressure from
0.1 to 35 x 106 Pa in a flow tube containing a Brdnsted acid
catalyst selected from a beta-zeplite catalyst, a
" sheet-silicate catalyst or a titanium dioxide catalyst
comprising from 70 to 100% by weight of anatase and from 0 to
35 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 reaction mixture,

(2) further reacting the reaction mixture at a temperature from

40 150 to 400°C and a pressure which is lower than the pressure
in stage 1 in the presence or absence of a Brdnsted acid
catalyst selected from a beta-zeolite catalyst, a
sheet-silicate catalyst or titanium dioxide catalyst
comprising from 70 te 100% by weight of anatase and from 0 to

45 30% by weight of rutile and 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 obtaina



first gas phase and a first liquid or a first solid phase or a m xture of
first solid and first liquid phases, and the first gas phase is sep&rl'aiﬁébmm
fromthe first liquid or the first solid phase or fromthe m xture of
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25 obtain a reaction mixture,

{2) further reacting the reaction mixture at a temperature from
150 to 400°C and a pressure which is lower than the pressure
in stage 1 in the presence or absence of a Brénsted acid

30 catalyst selected from a beta-zeolite catalyst, a
sheet-silicate catalyst or 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, the

35 temperature and pressure being selected so as to obtain a
first gas phase and a first liguid or a first solid phase or
a mixture of first sclid and first liquid phases, and so that
the first gas phase is separated from the first liquid or the
first solid phase or from the mixture of first liquid and

40 first solid phases, and

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

45 370°C and a pressure from 0.1 to 30 x 106 Pa in a flow tube
containing a Bronsted acid catalyst selected from a
beta-zeolite catalyst, a sheet-silicate catalyst or a



3 titaniumdi oxide catalyst conmprising from70 to 100% by wei ght of
anatase and fromO to 30% by weight of rutile and in which up to 40%«bJaN 2004
wei ght of the titanium di oxide may be replaced by tungsten oxide to obtain
a product m xture. 5 The above processes preferably further conprise the
following stage: (4) postcondensing3the product mxture at a tenperature
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continudus process for preparing a polyanide by reacting at |east one
dinitril ertenchbatvel pastesmes pdiederaiel wifiulrthat ecomphiiseh thenpol kesing20 (1)
reacting sttagegast one dinitrile and at least one diamne with water at a
tenperature from90 to 400C and a pressure from 0.1 to 35 x 106 Pa in a
flow tube containing a Bronsted acid catalyst selected froma beta-zeolite
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catal yt, a PPL¥ABéHesi|icate catal yst or titanium dioxide catalyst

conprising from70 to 100% by wei ght of anatase and fromO to 30% by
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sel ected ﬁ%m@ﬁetﬁiﬂthQr? i ognggﬁgagpase and a first liquid or a first
ol

solid phase or  a mxture o‘?ﬂq I'rs and first liquid phases, and so
that %%he first gas phase is separated fromthe first liquid or the first
solid phdéé GﬁaFFéﬁgt%ﬁa%ﬁﬂ%@u?éﬂcﬁiﬁﬁﬁﬁﬁielﬁa@i%Fz%ﬂﬁsFiPB? @%ﬁmiﬁepﬁé§bs, and
water at a temperature from 90 to 400°C and a pressure from
0.1 to 35 x 106 Pa in a flow tube containing a Brdnsted acid
catalyst selected from a beta-zeolite catalyst, a
25 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
obtain a reaction mixture,
30
{2) further reacting the reaction mixture at a temperature from
150 to 400°C and a pressure which is lower than the pressure
" in stage 1 in the presence or absence of a Brénsted acid
catalyst selected from a beta-zeolite catalyst, a
35 sheet-silicate catalyst or 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, the
temperature and pressure being selected so as to obtain a
40 first gas phase and a first liquid 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 ligquid or the
first solid phase or from the mixture of first liquid and
first solid phases, and
45



45 1 4 JAN 2004 4 (4) postcondensing the first liquid or the first solid
phase or the mxture of-first liquid and first solid phases at a 14 JAN 2004
tenperature from 200 to 3500C and a pressure which is [ower than the
pressure in stage 3, the tenperature and pressure 5 being selected so as

to obtain a second, water- and ammoni4- contai ni ng gas phase and a second
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i ncl ude 2 Ilnear al pha, onmega- al kyl enedinitriles in which the al kyl ene

noi et 2- referably contains from3 to 11 carbon atons, nore
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aromatic unit and the two nitrile groups. Especially preferred
alkylaryl dinitriles are those which have the two nitrile groups
in the 1,4 position relative to each other.
25
Useful alpha,omega-alkylenedinitriles preferably further include
linear alpha,omega-alkylenedinitriles in which the alkylene
moiety (-CH;-) preferably contains from 3 to 11 carbon atoms, more
preferably from 3 to 9 carbon atoms, such as 1,3-dicyanopropane,
30 1,4-dicyanobutane (adiponitrile, ADN), 1,5-dicyanopentane,
1,6-dicyanohexane, 1,7-dicyancheptane, 1,8-dicyanococtane,
1,9-dicyannonane, particularly preferably adiponitrile.

adiponitrile may be obtained in a conventional manner by double
35 catalytic addition of HCN to butadiene.

It will be appreciated that it is also possible to use mixtures
of a plurality of dinitriles or mixtures of a dinitrile with
further comonomers, such as dicarboxylic acids, for example

40 adipic acid.

The diamine used may in principle be any diamine, i.e., any
compound containing at least two amino groups, singly or mixed.
alpha,omega-Diamines are preferred, especially

45 alpha,omega-alkylenediamines having from 3 to 14 carbon atoms,
more preferably from 3 to 10 carbon atoms, in the alkylene
moiety, or alkylaryl diamines having from 9 to 14 carbon atoms,



conmpound containing at |east two am no groups, singly or m xed.

al pha, onega- Di ami nes are preferred, especially 45 14 JAN 2004
al pha, onega- al kyl enedi am nes having from3 to 14 carbon atons, nore
~preferably from3 to 10 carbon atoms, in the al kylene noiety, or alkylaryl
di am nes having from9 to 14 carbon &ons, 1 4 JAN 2004 5 preferred
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25 further comonomers.

The molecular ratio of dinitrile to diamine (dinitrile in the
quantitative specifications hereinbelow subsuming the sum total
of dinitrile and any dinitrile equivalents used, i.e., any

30 compounds which react like a dinitrile under the process
conditions of the invention, such as dicarboxylic acids, and
dia@ine in the guantitative specifications hereinbelow subsuming
the sum total of diamine and any diamine equivalents used, i.e.,
compounds which react like a diamine under the process conditions

35 of the inventicn) should advantageously be within the range from
0.5 to 2, preferably 0.8 to 1.2, especially 1.

In a particular embodiment, especially if copolyamides or
branched or chain-extended polyamides are to be prepared, the

40 following mixture is used instead of pure dinitrile and pure
diamine:

from 50 to 99.99%, preferably from 80 to 90%, by weight of total
dinitrile and diamine,
45



from50 to 99.99% preferably from80 to 90% by weight of total dinitrile
and diamine, 45 1 4 JAN 2004 6 fromO0.01 to 50% preferably from | fd WA
by wei ght of at |east one dicarboxylic acid, selected fromthe group
consisting of aliphatic C4-Cl0-a,wdi carboxylic acids, aromatic C8-Cl2

di carboxylic acids and C5-C8 cycl oal Ranedi carboxylic acids, 5 fromO to
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25 It is further possible to use salts of the aforementioned
dicarboxylic acids and diamines, especially the salt of adipic
acid and hexamethylenediamine, which is known as 66 salt.

The aminonitrile used may in principle be any aminonitrile, i.e.,

30 any compound containing both at least one amino group and at
least one nitrile group, singly or mixed. w-aminonitriles are
preferred, especially w-amincalkyl nitriles having from 4 to 12
carbon atoms, more preferably from 4 to 9 carbon atoms, in the
alkylene moiety, or an amincalkylaryl nitrile having from 8 to 13

35 carbon atoms, preferred aminocalkylaryl nitriles being
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
those which have the amino group and nitrile group in the 1,4

40 position relative to each other.

The w-aminoalkyl nitrile used is preferably a linear w-aminoalkyl
nitrile in which the alkylene moiety (-CH;-~) preferably contains
from 4 to 12 carbon atoms, more preferably from 4 to 9 carbon

45 atoms, such as 6-amino-l-cyanopentane (6é-aminocapronitrile),
7-amino-l-cyanchexane, 8-amino-l-cyancheptane,




7-am no-1| --cyanohexane, 8-am no-1|-cyanoheptane, 1 4 JAN 2004 7

9-am no- | -cyanooct ane, 10-am no-|-cyanononane, particularly preferalyly jaN 200

6- am nocapronitrile. 6-Am nocapronitrile is custonmarily obtained by

hydr ogenation of 5 adiponitrile according to known nethods, described for

exanple in DE-A 836,938, DE-A 848,6%4 or US-A 5,151,543. O course, it is

al so possddanmd nioe 1usgatmodianes ab-amiManlalcyhyionbnamey pamiticulasiyor m xtures

of an amfQidrabh e Yiidh dddadprehidPionononers. |f desired, it is also

possi ble to use diamnes, dinitriles and amnonitriles derived from

branched al kyl ene or arylene or al kylaryl ene conpounds. 15 The

a, W C5- CIEZ-#FHPRE2REPR ééncﬁﬁt@n%?ﬁlﬁoﬁeﬁflb?ﬁﬁ PYadydroggnatidoRéxanoi c

aci d, 7 adipondprihei acawiddngstankrwur metdpds, addatr iPednfoomyempdiecinci d,

10- ami nodacangide, 888 f, pEl-lx @diBnesndee arpeac5acs T, 13 .12- ani nododecanoi ¢ aci d,

preferably 20 6-am nohexanoic acid. The process of the invention is

carried at _tenperatures from..90 to 400C . advant ageQus fr.om 150 to

350, “a Uh SBURPEL TT i TSP PR tG o e o A BEPE Bt 020 o s

used nmay BENERIGELILT| Uc M tPFe Then GrebprEbnsistifg P ESHr num oxi de,

tin oxddUeomgnpineos. oxi de as pyrogenic silica, silica gel, diatonaceous

earth, quartz, sheet-silicate or m xtures thereof, also oxides of netals of

:_htea 30 secopditeqsi hﬁt HA8ST bb HOYR eéet&faﬂe{ésgdaﬁniﬁbdl%ssagh as
itani um_di.ox| . r r ir oxi de, zinc

oxi de, oﬁ&egnggrfﬁéeplager’fg%%ﬁi g’é%ﬁg%tf%ggfﬁn?%&%én?ugé aggfézré%qotfm oxi de,

t hori um GRFYEATHIERL SRIRCYRIBxi de, samarium oxide, rare earth mxed oxides

or mxures thereof. 35 Useful catalysts further include: vanadi um oxi de,
ni obi um ahiede, wkCe+C@xatEno Aridhesd oxaddye SFamybdpentmrexicdecid ungst en

oXxi de or gk HoRSxdeIce@kidM xiatiBfohePebWEER 4diR1,0% daSns®iddndnaed are

i kewi se j0gsi 91_&3-%&1%5gg%iad,esl,o_aa&ggamo%d abgll uri des such as zinc

teIIuridg tin selenlde m_su tungsten. sul fi ul fides of
§

d d :
i kel gR-3hhrodicdn, A S apohaSaean kBt b R T o

\ chrom umma e use enent i o
conpofPa$ -ARYBREXRIMEF WFER - or i ncl ude 45 conmpounds of the 1st and 7th main
groups of the periodic table.

The process of the invention is carried out at temperatures from

90 to 400°C, advantageously from 150 to 350°C, at pressures from
0.1 to 50*106 Pa.

25
The heterogeneous catalysts used may be oxides selected from the
group consisting of aluminum oxide, tin oxide, silicon oxide as
pyrogenic silica, silica gel, diatomaceous earth, quartz,
sheet-silicate or mixtures thereof, also oxides of metals of the

30 second to sixth transition group of the periodic table such as
titanium dioxide, amorphous, as anatase or rutile, zirconium
oxide, zinc oxide, oxides of the lanthanides and actinides, such
as cerium oxide, thorium oxide, praseodymium oxide, samarium
oxide, rare earth mixed oxides or mixtures thereof.

35
Useful catalysts further include:
vanadium oxide, niobium oxide, iron oxide, chromium oxide,
molybdenum oxide, tungsten oxide or mixtures thereof. Mixtures
between the oxides mentioned are likewise possible. Some

40 sulfides, selenides and tellurides such as zinc telluride, tin
selenide, molybdenum sulfide, tungsten sulfide, sulfides of
nickel, of zinc and of chromium may also be used.

The aforementioned compounds may be doped with or include
45 compounds of the 1St and 7th main groups of the periodic table.



1 4 JAN 2004 8 Useful catalysts further include zeolites, such as

bet a-zeolites, phosphates and heteropol yacids, and also acidic and 14 JAN 200t
al kaline ion exchangers, for exanple, Naphion(r). 5 If appropriate, these
catal ysts may include up to 50% by WFi ght each of copper, tin, zinc,
manganese, irqn, cobalt, nickel, ruthenium palladium platinum si | ver or
rhodi um YaeHdr EAERLYRESyifpERhel EagHidps EOLEFRTt SUChr 8 PRER THARE teso

consi st i rRhasPhpses- anblliaterophtraciid i eadeabsrl assigdci ahflyalkaliae aomdi oxi de

advant agenuslaygepspri®i rgafpe) Mapinich®Q% by wei ght of anatase and fromO0
to 30% by wei ght of rutile, in V\/nich catal yst up to 40% by wei ght of

titani be he | ace )y, un ste 0x I de, ur es er eof .
Such ca aﬁl ?PPQLI%E felecu a€ yy “ef'e nJH‘ S K&, tgr%g%gﬂ' b? acting
as a Br eB aE?EPerDeﬁéHdl AHRON “Ear{’@aPeﬁﬁrrpb@ftrl &R a@:’ét ariydied 'rray be used
with or nDutheoduma paidedinm, Felatimimnsélver taminkeddioxi de may be used as
20 a titanium di oxi de extrudate or as titaniumdioxide applied in a thin
| ayer tOP%e%HQQQ&é lsT i9en! yotéé@awe.%dls@zé&seé FrBmSERROYdouppuch as silicon

di OXI escr%gg‘% %t?r%é‘s{ oepl Lérigﬁg%o filc{ate ahd g%)ﬁsml to use any

met ho am um di oxi de
| ayer H?Qﬁ%}’zsl A CB’P@%’rﬁ)’t"igt §ﬁPﬂn7?:o’i'Fbc}19r?§s ¥uch as
titani umwellgb'ﬁr%cﬁﬂac}ésér aﬂ@t%ﬁﬂnurﬂ t‘}ﬁ?t B%F dey ofe lgpthglr i izdieng iTj Shiclhr

ot her | matgapstc up ttaniddin bpmuoigids of TEitemiim diloxide msay deragpabsed be
used. 30pputihgstellidxaaks 66 MDHESsatBeZéd CORYhCBARE]IHA:s aldem num

ni tratg iﬁgt..@@ﬁimwlp‘fé@&freébﬁ Whe$URPOT ¢ Spathe Bg\r@@{ﬁner%”udat es or

tabl ets % ? a Qrenment | oned oxi dés thensel ves st abl e oxi des
such as § STTTcon gl oxi de. The supports used nay be nacroporous to inprove
the mass transport. The process of the invention may be operated

conti nqu§P9m@)¥ng teit ERRLS ecompPiticrhe prioiesdsomay hiee jypashMiigh, onater i s
used i n #zinbbar a suppordf Bir liewshntel, t bchrdnimagéoxtdey mayt ienubéd dsange
from Zolat @itdnitih dﬁakiaétléﬁﬂuﬁameeterablﬁ/itfammnlgi’o:;mel:a%pmeat iprgeferably
from 1: 2¢hen 11§err ebahi y@pg&é h@osagb 191 @ e i uhll a&éﬁdee @4 43 9+@£n ne, and
1S prefenral 9,86 AN punes éﬁ% Rl e S8R Ohe N WIkEheT 0

dinitril gsa55551ﬂie to use any met described in the literature. For
instance, a thin titanium dioxide layer may be applied by
25 hydrolyzing organotitanium compounds such as titanium
isopropoxide or titanium butoxide or by hydrolyzing TiCl,; or other
inorganic titanium compounds. Titanium dioxide sols may also be

used.

30 Further suitable compounds are zirconyl chloride, aluminum
nitrate and cerium nitrate.

Useful supports are powders, extrudates or tablets of the
aforementioned oxides themselves or other stable oxides such as

35 silicon dioxide. The supports used may be macroporous to improve
the mass transport.

The process of the invention may be operated continucusly or
batchwise.

40
In the process of the invention, water is used in a molar ratio
of at least 1:1, advantageously within the range from 1l:1 to
1:10, particularly preferably from 1:2 to 1:8, most preferably
from 1:2 to 1:6, relative to the sum total of dinitrile and

45 diamine, and it is preferred to use an excess of water based on
the sum total of dinitrile and diamine.




9 In an advant ageous enbodi nent, the first stage (stage 1) involves
heating at |least one dinitrile and at |east one diamine with water @} JayN 1004
tenperature from about 90 to about 400C, preferably from about 180 to

about 310C, especially from about 220 to about 5 270C, while a pressure
fromabout 0.1 to about 15 x 106 Pa, 2 preferably fromabout 1 to about 10 x
106 Pa, ebbevi aldvantpgeeusiisnpodiment abchet fdrst166ada, (dtageel) invalves
stage, thgepriassuteleast denEdhatuite Gaill ke adhbst &tk rdladtingewith each ot her

i N such aai@y A4S at CefPlAithd koM hAlt d0Sebi Qbsuh@%oaad &é@e&tamg of 10

or ‘ool g i bR ED PORBCITONS RRRE )1y |obisy SR S ep Bl 11
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synt hesi s, 44 &%&hi:‘érfa@ﬁf@ rtEhﬁMbEhhH méd %teqa%;eéntéﬁeeéyrg?gggr iR é&g@uraggset e

form i UI aseo 30| ous or O

pr essure arYd at% %geérg% ai‘Jlrne can g At o 56’3’ %?%darel a 1x5é f% oefach other in
such alQetauisk °Fh§° 1y Rhsessapd xd Lﬁaéei%spPﬁéé%t as a 5| ngl e solid or

| i qui d phase. The renoval of the gas phase can be effected by the use of
stirred am whiski ensodaepar,athagl igsisklosr ebly@spiedsdairt eheemiangd-e29£by t he

use of evaperat Qﬁda@@p{@tﬁﬁ%seéOéo@@ﬂynasbxon@ﬁ@sréém%rﬁymhcary
e"aporat %st L‘hé‘ iaéévgh%VEHQEé‘t A %e %r%t biL mz{]a TS ?Pf y ”Eans of

annul ensure

certa?%5 (,s§§'é’§" ?’é'ﬁl?ﬁﬁc’é’ﬁ BRBF SPh&Ssy ﬁ?ﬁégF% nk rtg‘ o? ¢ l?§e of a | oop
react or @} i6ePBase R LraMy the mmtr@&s@ft pelptha@e Jigudfs pkese @Air ORERRDr €,
the renmralthef syhehemis pHasereafrivdnguwtihbirdtins tsftegaddan ilen paesentt er
vapor or imnekb-gRssé Narni:heibhOd shghase. s&1ed afddons bhe pressure is

adj ust ed ﬁtquadpg@ﬁfwﬁs%@u%en@@n%ws% %ﬁesarémiret REAPEERSH £ uirS éHR' ler

than e 64 L DEA IBAAPGEIBLESSUE ¢ amraln ler 0% ealory fhatyl
EC]L“ | ibri Um a essur.e o ﬁer One %FES| S
Tixture SEMEREST 'wﬁmrénﬁsraﬁﬁ%*t 68 59975 (59 5 BRI LRW] FhREGor

especially the reanaI of ammoni a and thus speed up the hydrolysis of the
40 aci d Jimedeegroappf The gae-Plese cpnobedef E2dt=2dybyf shablse cdrri ed out at
a pressulseirwbd chr ivnsgieatbar séarattihg vaﬁgémrcﬁﬁw@eemf bitierigat and

corregpond et @sd 5 RibkolerPETAIPATaLRE, t Aor WUnlpasi By Mheddd & 45 but |ess
than the §aulh Lol o u3R00 e BF €53 AR fé‘i’ﬂ?‘)&aapoﬁat%r KLZQP,“

filmtruders, or by means of annular disk reactors, which ensure

an enlarged phase interface. In certain cases, recirculation of

the synthesis mixture or the use of a loop reactor may be

30 necessary to increase the phase interface. Furthermore, the
removal of the gas phase can be furthered by the addition of
water vapor or inert gas into the liquid phase.

Preferably, the pressure is adjusted at a preselected temperature
35 so that the pressure is smaller than the eguilibrium vapor
pressure of ammonia, but greater than the equilibrium vapor
pressure of the other components in the synthesis mixture at the
given temperature. This way, it is possible to favor especially
the removal of ammonia and thus speed up the hydrelysis of the
40 acid amide groups.

The two-phase procedure is preferably carried out at a pressure

which is greater than the vapor pressure of pure water

corresponding to the bulk temperature of the synthesis mixture,
45 but less than the equilibrium vapor pressure of ammonia.



10 A particularly preferred enbodi ment of the two-phase procedure utilizes
an upright flow tube which is operated under upward flow and optionall N 2004
has above the product outlet a further opening for gas phase renoval. This
tubul ar reactor can be fully or partjally 5 packed with catal yst pellets.

In a preferred enbodi ment, the u rlg#w reactor utilized in the two-phase
procedur e? iRAGHEIARF Y P%@R’éﬁdmﬁwmty% HR& dMiogPhape t BredRsdusRase
boundar y.utintizest her yppiaghti ¢dbwr tybprefietr éd epdodiedentdef dhwarfd f3bwst age,
10 the prasswptibfasey Q{Hsedbbﬂestﬂﬁél protiytt Bat1dhe FuRthesi spdHiXigUEer | S

I ,
present sap% 3 ferhéxﬂﬁ' Tﬂggs&bﬁléif#‘reget s ﬂh%@efw eﬁsbgr?&uaﬁ{?s .
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bef or e bepankeidnwibllucemh lystt hetér¥al wgt &gethe |phagiel bobadamyps eci at ed t hat
the dinitrile, diamne and water may al so be heated separately from each

other andPgnBLxed, 'ﬁhﬁé’i‘éuigrigré}eﬁx‘}%ﬁ Mb@@ﬂﬁé?ztotafmcl‘fé n&ﬂte'%%%é As

regar t.he res hesi s m.xt.u 5f age,
theredgor etq’noprrggf'ur%ﬁsor?g?wﬁg? oJer%/eér{] thh6’vv‘é"v%rth b t?l? it 1té]hnesrla“ﬁ F*E8FRct ed
within tHé Péﬁﬁén’f' (&2 l5d091e ol i #9268, 25- Sdyode 985 S 1[§r ef erably
W t hi n t IRFesgngeif ridm alsogtoB0 FArmthds singbdpiiase pooredurs .t kbegh t here
are no resefecrednsnwiidineneves £oflesr tubg paickedlegrees Die Boruensi on of
nitrile @.@uP§st matadal1l either, 30 economi c reasons especially dictate
that t conver si on of n|tr|Ie groups in stage 1 be generally not |ess

th t. 70 | (V f st t 95 | % d |
G O A e S B R b TR rTBe Haier, Mok Dt PR BeAE ol e

of dinitMitE ankeaf &rﬁcﬁénﬁgéd’e%ql‘i’élﬁﬂt %P?@%‘Fﬁﬁpteo\"%r%réﬁ pgage.
cust onmar Tty wilél eeerianpdebjahedshatoftheRdipett ¥issc dpgmiBN Itd elachic ngay
vi brati onlab B24Atearmdesephessdly R eachiRb(Berprafiebahhixday ihRthe

spect rappaRY¥e doadddbydaesant Ner iMivaRlg @Neheh®s OUt conducting the reaction in
stage 1 in the presence of oxygen-containing phosphorus conpounds,

especi al | hos orlc aci d hosphorous, aci d nd hypophosphar o acid and
al kal i Af¥’aP %E] Iﬁgél%%%%%p gsa?ss &eﬁ Iﬁf’ft}mr%sa gﬁ Ther eof

such as Iﬁéﬁ?’b@tmﬂ P@re NS ¥ eﬁéﬂ??’@“?\l&@ﬁpéﬁev%' NpoMeses: KePsy,
KH2PO4r szhlxmﬂieetemn KIHEP@EH% nEng ehorhsko trﬂélur‘mlsar-or ati o of
t he su® hbbat DI Hhumist r prefarabldi aithént the range from about 30 minutes

to about 6 hours.

Although there are no restrictions whatsoever concerning the
degree of conversion of nitrile groups in stage 1 either,

30 economic reasons especially dictate that the conversion of
nitrile groups in stage 1 be generally not less than about
70 mol%, preferably at least about 95 mol%, and especially within
thé-range from about 97 to about 99 mol%, each based on the moles
of dinitrile and diamine used.

35
The nitrile group conversion is customarily determined by means
of IR spectroscopy (CN stretching vibration at 2247 wavenumbers}),
NMR or HPLC, preferably by IR spectroscopy.

40 Nor does the invention rule out conducting the reaction in stage
1 in the presence of oxygen-containing phosphorus compounds,
especially phosphoric acid, phosphorous acid and hypophosphorous
acid and alkali metal and alkaline earth metal salts and ammonium
salts thereof such as Na;PQ;, NaH;PQ4, Na,HPO4, NaH,PQ3, Nas;HPO;,

45 NaH,PO,, K3P0,;, KH,PO,, K;HPQO,, KH,PO3, K,HPQ3, KH,FO,, in which
case the molar ratio of the sum total of dinitrile and diamine to



1 4 JAN 2004 11 phosphorus conpounds is selected wthin the range from
0.01:1 to 1:1, preferably within the range from0.01:1 to 0.1:1. Th1e4 JPN%UUK
reaction in stage 1 is carried out in a flow tube containing 5 a Brons
acid catal yst selected froma beta-zeolite catalyst, a sheet-silicate
catalyst or a titaniumdi oxide catalyst conprising from70 to 100% by
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IS used,

% by artlcularly
pr ef er abl 358’:??%‘1%“{ g% Bﬁﬁlfgﬁf“ 81’ ‘Sbgnl ggoxﬁ:ﬁe is replaced
by tWRRystiefous| produse @&ear§eis "é‘@naﬁérﬁ‘ﬁ%p%ﬂ% d&émaégﬁr?ftfé&q Re Ertl,
Knozi ngerlarygéi t Reepsuttdmgdbeviness Het prefenaolls argegeysthan 20 N,

particularly preferably > 25 N. The BET surface area is
preferably more than 40 m?/g, particularly preferably more than
100 m2/g. If the BET surface area is smaller, the bed volume

30 should be appropriately higher to ensure adequate catalyst
activity. Particularly preferred catalysts have the following
properties: 100% of anatase; 0.3 ml/g pore volume; 0.02 um
average pore diameter; 32 N cutting hardness; 116 m?/g BET surface
area or 84% by weight of anatase; 16% by weight of rutile; 0.3

35 ml/g pore volume; 0.03 um average pore diameter; 26 N cutting
hardness; 46 m2/g BET surface area. The catalysts may be prepared
from commercial powders as available for example from Degussa,
Finti or Kemira. When tungsten oxide is used, up to 40% by
weight, preferably up to 30% by weight, particularly preferably

40 from 15 to 25% by weight of the titanium dioxide is replaced by
tungsten oxide. The catalysts can be prepared as described in
Ertl, Kndzinger, Weitkamp: “Handbook of heterogeneous catalysis”,
VCH Weinheim, 1997, pages 98ff. The catalyst can be used in any
desired suitable form. It is preferably used in the form of

45 shaped articles, extrudates or pellets, especially in the form of
pellets. The pellets are preferably sufficiently large to be
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preferably sufficiently large to be 1 4 JAN 2004 12 readily separable from
the product m xture and not to inpaik2 the flowability of the product
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recycl edesi st postrageva lwesl/i9y bratRges 2. witheut esaglenaa t.i ne of the reaction
m xture in stage 2 is not 40 subject to any restrictions whatsoever, but is
generall¥nmg££%é12' the temperature and pressure are selected so0 as to
25 obtain a first gas phase and a first liquid or first solid phase
or a mixture of first liquid and first solid phases, and so that
the first gas phase is separated from the first ligquid or first
solid phase or from the mixture of first liquid and first solid
phases.
30
The first gaseous phase, which consists essentially of ammonia
and water vapor, is generally removed continuocusly by means of a
distillation apparatus, for example a distillation column. Any
organic constituents of the distillate co-removed in the course
35 of this distillation, predominantly unconverted dinitrile and
diamine, can be wholly or partly recycled into stage 1 and/or
stage 2.

The residence time of the reaction mixture in stage 2 is not

40 subject to any restrictions whatsoever, but is generally within
the range from about 10 minutes to about 5 hours, preferably
within the range from about 30 minutes to about 3 hours.

The product line between the first and second stages optionally
45 contains packing elements, for example Raschig rings or Sulzer
mixing elements, which allow a controlled expansion of the



the range from about 10 m nutes to about 5 hours, preferably wthin the
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amide groups in the synthesis mixture. This results in a further

advantage of this inventicn, that the mixture of the starting

materials as used in stage 1 can be used with a small excess of

30 water only.

The water-comprising gaseous or liquid phase is preferably
preheated in a heat exchanger before being introduced into stage
3 and then mixed with the first liquid or the first solid phase
35 or the mixture of first solid and first liquid phase. The reactor
may optionally be fitted with mixing elements which further the
mixing of the components. Stage 3 can be operated at a
temperature from 150 to 370°C and a pressure from 0.1 to
30 x 106 Pa; if a catalyst bed according to the invention is
40 present, the conditions applicable to stage 1 can be employed.
Otherwise, the temperature is preferably 180-300°C, particularly
preferably 220-280°C. The pressure is preferably from 1 to
10 x 106 Pa, particularly preferably from 2 x 108 to 7 x 106 Pa.

45 The pressure and temperature can be adjusted to each other in
such a way that the synthesis mixture is present as a single
liguid or solid phase. In ancther embecdiment, the pressure and



40 present, the conditions applicable to stage 1 can be enpl oyed.
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further processed 30 as described below. In a preferred enbodi nent, the
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fr om abothosss 0526 989360(915(%’6@89&1?‘3/"? Tom about 240 to 270C. Stage 4 is

carried out at a pressure which is below the pressure of stage 3 and is
pr ef er abthe weshidenthetimmger thom sboge is lakéeDe xncdt0ZuBgdect mos eanyr ef er abl y
Wi thin thesdrdr@e ohk O Nbab donbRik Orédsyts 3RPe¥allP Hatakd hhgawgnt@wl of
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8 hours, partlcularly preferably about 60 minutes to about

6 hours.

The product mixture obtained in stage 3 can be further processed
30 as described below.

In a preferred embodiment, the'product mixture of stage 3 is
subﬁected to a postcondensation in stage 4 at temperatures from
about 200 to about 350°C, preferably at temperatures from about
35 220 to 300°C, especially from about 240 to 270°C. Stage 4 is
carried out at a pressure which is below the pressure of stage 3
and is preferably within the range from about 5 to 1000 x 103 pa,
more preferably within the range from about 10 to about
300 x 103 Pa. In the context of this stage, the temperature and
40 pressure are selected so as to obtain a second gas phase and a
second liquid or solid phase or a mixture of second liquid and
second solid phases which comprise the polyamide.

The postcondensation of stage 4 is preferably carried ocut in such
45 a way that the relative viscosity (measured at a temperature of
25°C and a concentration of 1 g of polymer per 100 ml in 96%



40 pressure are selected so as to obtain a second gas phase and a second
liquid or solid phase or a m xture of second |liquid and second SO"ﬁAJANZML
phases which conprise the polyam de. The postcondensati on of stage 4
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st age ¥ rikg és ftafensed with and the polyanide is prepared by carrying
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25

In a further embodiment of the invention, stage 3 may be

dispensed with and the polyamide is prepared by carrying out

stages (l), (2) and (4).

30 This variant is preferably carried ocut as follows:

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

The reaction mixture is treated in stage 2 as described above or

at a temperature within the range from about 220 tc about 300°C
35 and a pressure within the range from about 1 to about 7 x 106 Pa,

the pressure in stage 2 being at least 0.5 x 10 Pa lower than in

stage 1. At the same time, the resulting first gas phase is

separated from the first liquid phase.

40 The first liquid phase obtained in stage 2 is treated in stage 4
as in stage 1 or at a temperature within the range from about 220
to 300°C and a pressure within the range from about 10 to about
300 x 103 Pa, the resulting second, water- and ammonia-containing
gas phase being separated from the second liquid phase. Within

45 this stage, the relative viscosity (measured as defined above) of
the resulting polyamide is adjusted to a desired value within the



to 300C and a pressure within the range fromabout 10 to about 300 x 103
Pa, the resulting second, water- and ammoni a-contai ning gas phase b(fil.n N 7004
separated fromthe second liquid phase. within 45 this stage, the relative
viscosity (nmeasured as defined above) of the resulting polyamde is
adjusted to a desired value within th& 1 4 JAN 2004 16 range from about
1.6 to abgparige3.frohhabogh rlwiteeaBbut eNPEiardigh eididevrdenngetdti®e The
resul ting,se nghggigi@ase is then conventionally 5 discharged and, if
up. |
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desi red, worke n a further preferred enbodi ment of the present
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epar at ¢ T Ehothed ptdflheia Rl 3Rldhe BIGSEE, Bucd OIRGRHEIALISE 207
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abbr evi atheorecygdey infead ABRSt ori puhithei pre¢pding Isgranet hyl enedi ami ne |
: Sstagenl 25 2 : stage 2 3 : stage 3 4 : stage 4 A : effluent 30
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t hereof . For _thi s purpose, golil/rrgr ranchi ng or AT n-e ‘teen I ng suBstances
known to°§’t6éf’56nl£‘?<‘1ulq &F BnSPhi® FR25PE AdUENYRE Ofe LAY iaNhFodtdges.
These sul¥rareecdndre BHopusef ehage yantided sSpRasatyyofd sheqgaseidl ehaabst ances
are: T¥5 functional am nes or carboxylic acids as branchers or 40

crossl i nker sheEdpaples, @figsuit aplesttade@ash ippdrHiQlsl 982l caFivieg oft

car boxyl itqleanggegg & 636l kRedni fb[EP- A-O 345 648. The at | east
trifunctional am nes have at |east three am no groups which are

Key to abbreviations:

20
v : feed
ADN : adiponitrile
HMD : hexamethylenediamine
1 : stage 1
25 2 : stage 2
3 : stage 3
4 : stage 4
A : effluent

30 Furthermore, in the context of the process of the invention, it
is also possible to carry out a chain extension or branching or a
combination therecf. For this purpose, polymer branching or
chéin-extending substances known to a person skilled in the art
are added in the individual stages. These substances are

35 preferably added in stage 3 or 4.

Usable substances are:

Trifuncticnal amines or carboxylic acids as branchers or

40 crosslinkers. Examples of suitable at least trifunctional amines
or carboxylic acids are described in EP-A-0 345 64B8. The at least
trifunctional amines have at least three amino groups which are
capable of reaction with carboxylic acid groups. They preferably
do not have any carboxylic acid groups. The at least

45 trifunctional carboxylic acids have at least three carboxylic
acid groups which are capable of reaction with amines and which
can alsc be present, for example, in the form of their



capabl e of reaction with carboxylic acid groups. They preferably do not
have any carboxylic acid groups. The at |east 45 trifunctional carbog¥Uhﬂ2m£
aci ds have at |east three carboxylic acid groups which are capable o
reaction with am nes and which can also be present, for exanple, in the
formof their 1 4 JAN 2004 17 derivuatives, such as esters. The carboxylic

aci ds pr q;e%ri%g!tévgé), diRi é}%gé?{:&@ﬁﬁn@”@:ﬁ%&ﬁﬂ% 2383 b Rfrab@gcgbon with
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as napht haliepettiBesized tfattacarbisey Iprepaced . fothexenpbexfian: cdeids are

pref er aplae idebhAeRav P From SOMROWIIEa@Ben Ndtorgl ymeri ¢ conpounds. 10

Exanpl f 3 _an ene-
anp: es n%gh%%gfgﬁ?%gﬁ\?géggg%g#f@satcl%sff’,mbﬂgh UOYRSHRRSE1ene-1,3,5,7

nitrilotri . nitrilotriethanéam n .
di al kyl er’f@ttFPSPrFﬁ%’éy,'hé‘sﬁ‘E&Eal T?gd’iaé:h‘?ffp’gﬁcétﬁ]a% N P’?‘??ea’ﬁ?&ﬁeﬁ%&??%m nes
and t et r zaidapliieneprprundsnesd Bofe RANPESHE CORRBINSEs preferably being
et hyl ene noieties. Furthernore, 15 dendriners can be used as am nes.
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where Rl nl)lé:)rﬁ[i%%g%% %&gﬁéfsﬁer azll%a).u i Hl%];rza;gégﬁ)r%'l\lmz where R3 is
H or -(CEptRieress 31n§5anef’?lef‘é’ga§1’lyf i feoneé", and X is an integer from
2 to 14. teiefkyhenstetyandngsopnd, tedddackyl ¢5erentapdngs i st 3 HFEGB? from 2
35 to 6, maiekéeabpyefaraiply being edydenal hgicticBheFpntherlarer can al so have
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ydr ogen r - n-NH2 radi cal. Suitable carboxylic acids are those
havi ng frg%%%?a?of%m%g_%ar boxylic acid groups, preferably 3 or 4 carboxylic
acid groups. Preferred carboxylic acids are those haying aromatic and/or
het erocyclic nucl eilR2Ex R )ed 2l EHsdnAV ( CHidnT oy e, gxfhracene, bi phenyl ,
triphenyl radicals or heterocycles such as pyridine, bipyridine, pyrrole,

I ndol e20 fed’, t hi ophene, purine, quinoline, 45 phenanthrene, porphyrin,

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

3,5, 3", 5’y hisphegy! t /i, 3Caubgx¥hi fe aci d

R! is H or -(CH;),-NRZ; where
25
R2 is H or -(CH;)p-NR3; where

R? is H or -(CH;),-NHz,
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
35 to 6, preferably from 2 to 4, especially 2. The radicals R can

also have the stated meanings independently of one another.

Preferably, R is a hydrogen atom or a —(CHz)n~NH; radical.

Suitable carboxylic acids are those having from 3 to 10

40 carboxylic acid groups, preferably 3 or 4 carboxylic acid groups.
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,

45 phenanthrene, porphyrin, phthalocyanine, naphthalocyanine.
Preference is given to 3,5,3",5'-biphenyltetracarboxylic acid
phthalocyanine, naphthalocyanine,



pht hal ocyani ne, napht hal ocyanine, 1 4 JAN 2004 18
3,5,5',5" -bi phenyl tetracarboxylic acid, 1,3,5,7-naphthal enetetracar bdxjaNi?gdi
acid, 2,4,6-pyridinetricarboxylic acid, 3,5,3,5" -

bi pyridyltetracarboxylic acid, 3,5,3 ,5 5 benzophenonetetracarboxylic

acid, 1,3,6,8-acridinetetracarboxyl 18 acid, particularly preferably
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further fupchiterahcgsoaps.piecampl és af suiunkblfeomdl ftmcd omal /amfes are
those whpshydndid®,sgkbserdily dirbinct itoned, paaibexyhiry addderabhpyean be
|inear aji @i,gp#ng.g%f@é g ok 44 oty | nedialk Dear O sa6ahLY

C2-6-alkyl . | h d ...JTh
oycl odPi BHEATTE 18 Afraging FE0R 3 100 CRaReddLigery I £00o 2, S
Br anched? af® prfdi ESPﬁFﬁﬂ%sfré’F‘elgi vl &e “H'?égﬂe?fa BRAEPES b]E ng Vest ami n

TND polyamide. The equivalents are based on the number of functional
amino groups or carboxylic acid groups.

30 Difunctional carboxylic acids or difunctional amines serve as
chain lengtheners. 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;_1s-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). Entire amines can

45 each be substituted by Cj;_iz-alkyl, preferably C,_j4-alkyl,
radicals on the carbon skeleton.



(trimethyl hexanet hyl enediamne, fromHIlls AG. Entire am nes can 45 each
be substituted by Cl-12-alkyl, preferably Cl-14-alkyl, radicals on 1Hhe/AN 200}
carbon skeleton. 1 4 JAN 104 19 Difunctional carboxylic acids are for
exanpl e those which form salts withdifunctional diam nes. They can be

| i near aliphatic dicarboxylic acjids,” which are preferably .
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21 683 (888321 inemom dotpaby A/gnaispolyanidegtn. In a preferred

enbodi ment, the level of cyclic diner in the nylon-6 obtained according to
t he i nventvant&geodid W, uthbeprodirduasatbye extittadciedngn t $ieadaol3yabrdehd i r st
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ar omabigC peCRT PPX¥ ig@3angdagh cANRARY bk CraChalie 4angneas platstiengugh as 35
aci d- cont ai ni ng phosphorus conpounds in ampunts within the range from0.01

to 5% by _weight,_ preferably. wthin the r fromO0.2 10.3% wei ght,
based onThre BARATHES6r “BOPYiRnIa. FBP nERte o L arnes ddnFEb | os used.
Sui t abl eN¥REPTE RAFFHLAESr 3CCIGENGdECT Bhe XAt OPr BF Rt fUAEPET acetic aci d,
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synt hesi goNk X§a4 @HALEOExt PadiBldnel 183k Med in EP-a-0 284 968, for

example). The low molecular weight constituents obtained in this

aftertreatment, such as caprolactam, linear caprolactam oligomer

and cyclic caprolactam cligomer, can be recycled into the first

30 and/or second and/or third stage.

The starting mixture and the synthesis mixture can be admixed in
all stages with chain regulators such as aliphatic and aromatic
carboxylic and dicarboxylic acids, and catalysts such as

35 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 regulators
include for example propionic acid, acetic acid, benzoic acid,

40 terephthalic acid and triacetonediamine.

Additives and fillers such as pigments, dyes and stabilizers are
generally added to the synthesis mixture prior to pelletization,
preferably in the second, third and fourth stages. Particular

45 preference is given to using fillers and additives whenever the
synthesis or polymer mixture will not encounter fixed bed
catalysts .n the rest of the processing. One or more



preferably in the second, third and fourth stages. Particular 45 preference
is given to using fillers and additives, whenever the synthesis or pal yEm,
m xture will not encounter fixed bed catal ysts in the rest of the

processing. One or nmore 1 4 JAN 200 020 i npact - nodi fyi ng rubbers may be
present in the conpositions as additlves in amounts fromO to 40% by
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Rubbers whi ch enhance the toughness of polyam des generally have two

essential features. theé have an el ast rrerl c portion which 10 has a gl ass
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hyd
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rubbers instead of polyners A and be m xed as such |nto the conpositions
of the i Rvkbrisvhisbf anhénege giheupcofheeds alfl ahel hievderincdndectoe- shel |
graft 35exayily:s. These are graft rubbers which are produced in enul sion
and which have at | east one hard and one soft constituent. A hard
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struct ur 2E3RAIE U a2tDr i angide IlvridvloneTyhate anchelyeideture be| ng
the resubethcmsaterder in which the nonomers are added. The soft
constituents are generally derived from butadiene, isoprene, alkyl

acryl agephesd kithomB®h Nasd Wealg®a £0Ed SHAAX ANRS pBNFnOPLIPRAE! Ye I dhaM
COMONOMEL Styution, in the presence or absence of a free-radical initiator
such as cumene hydroperoxide.

The copolymers of a-clefins described under the polymers A,

30 including especially the ethylene copolymers, may also be used as
rubbers instead of polymers A and be mixed as such into the
compositions of the invention.

A further group of suitable elastomers are core-shell graft

35 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
polymer having a glass transition temperature of not more than

40 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
methacrylates or siloxanes and optionally further comonomers.

45 Suitable siloxane cores can be prepared for example starting from
cyclic oligomeric octamethyltetrasiloxane or
tetravinyltetramethyltetrasiloxane. These can be, for example,



45 Suitabl e siloxane cores can be prepared for exanple starting from
cyclic oligoneric octanethyltetrasil oxane or 14 JAN 2004
tetravinyltetranethyltetrasil oxane. These can be, for exanple, 1 4 JAN 2004
21 reacted with y-nmercaptopropyl rretztlyl di et hoxysilane in a ring-opening
cationic polynerization, preferably“™n the presence of sulfonic acids, to
f or m t he I§8Ftedi Y bixhieMebF AREOPIPRY 4 e BialttignetdaRy al lIrddricRossl i nked by,
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Sui t able i zéd nonomers include for exanple nmaleic acid, naleic
anhydride, nono- or diesters or maleic acid, tert-butyl (net hgacryl ate,
acryl i c BEFERIZAG Godpshakt Hradty rubkexsmdavg aypekbzatienandThehd¥dporti on
of nmonomehslha rag hlagdctoomala fgretipsoits geyidr ahiyati kdast bhe fange:f r om
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fro% 1: chge'Q:C)JfI%%%g%éga%aJ&Wt ?kbtﬁg}gr%ﬁ 2'19? ?ﬁ“g’: #‘tagoggﬁg' 35 Suchg
rubbers,“ﬁﬁl'tﬁ?eenﬁgﬁ{?e i?fé?%bl?&h éggb‘?ﬂz%}ol SHPBeLS DETE PRRGGFARET se and
descri be®ffertEml Ryothegadgitiongpfegppily AungtitealigedupopPmess t abl e
i npact nddfinerheapelyherimniiast o€ tipol et ehedl asiwitmbde Pol yest er
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segment sanigrialdl, | yonder sy e kit a8k POF WAldiH 8Red, etdiar-pdkygol s, and
Short'Ch?$éEh)acrylate, acrylic acid, glycidyl (meth)acrylate and

vinyloxazoline. The proportion of monomers having functional

groups is generally within the range from 0.1 to 25% by weight,

30 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
polyester elastomers. Polyester elastomers are segmented

40 copolyetheresters containing long-chain segments, generally
derived from poly(alkylene) ether glycols, and short-chain
segments, derived from low molecular weight dicls and
dicarboxylic acids. Such products are known per se and are
described in the literature, for example in US 3,651,014.

45 Corresponding products are also commercially available under the



segnents, derived from | ow nol ecul ar weight diols and dicarboxylic acids.
Such products are known per se and are described in the literature,{&QnN 700
exanple in US 3,651,014. 45 Correspondi ng products are also conmercially
avai |l abl e under the 1 4 JAN 2004 22 names of Hytrel(r) (Du Pont), Arnitel
(r) (Akzo) and Pel prene(r) (Toyobozéo. Ltd.). It will be appreciated that
it is al smnmssfbﬂxetiei@ns@uﬂmnesz\rr&f@fl@hﬁpﬂ@loénﬁnﬁu%mrsene,@ further
addi tivesiidyebs o8y hei.nentioned for exanple processing aids, stabilizers
and oxidation retardants, agents against thernmal decorrposition and
deconposition_ by uItraV|oI L 1 t, | rlcatln n | di ents,
flame retHdr d& r]l? be SRRF€CAR§°H; ghrr%tn%gc éﬁng Scﬂg)éL?sgo'?'ﬁ%gﬁﬁgg%rrglgon

t her eof5 iaf dgéﬁé?%ﬂltf VFURDeES - 40% preferabl y up to 15% by wei ght, based on
the total weight of the conposition. 15 Pignents and dyes are generally
present gy FWRUALS Additives dfere piff eeabéytism Gor epaliptdy especially
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first Jd?éfléﬂ‘ﬁiedl‘gbwtdﬂgpﬁﬁﬁe‘f’ﬁ‘%oltddnﬂeaﬁ%’h"tsi'orfé@m&r geW’ﬁ sy gKBRts such
as zinc @uddeigmemics suld pdestietabnshi The (Prasaadopbtrye9t i t hopone,
anti nony gahietrgl &y chg itcanioan grefdriblyChp 26 13t twowabght cdrased onyst al
pol ynmor phg,o( EHELL ew@lrbq,tagclxt gﬁg)c(g,fpostlltg_agl um dioxide, the rutile formis

preferred for use as white pignent or t he nol di ng conp05|t|ons of the
I nvention. Black pignents whi ch carl used accordin he i nvggt ion are
30 irolP dRiIHEnhF Fesoare ¢ 1BI BERSTU(E 2P8YEBR & bl ack

(mi xt ur e poefrnAlbn e foRi te, sﬁ%ln eéﬁeaﬂr%khaefrgﬁuor?oho %&r.dﬁ), cobal t
bl ack andredghtnony bl ack and al so, particularly preferably, carbon bl ack,
which is usually used in the formof furnace or gas black (see G Benzing,

Pi gment e rpﬁgmm At Bbibelng @fﬁ%ﬁl&pyg&lﬁ% 61288 bmmbn1y &don, | ea | | be
appr egj@ated & U 9t 601 Glo I RN 8- SUSILARnpiflhOBLLIM OXI de green or
organi‘t ¢Sfof E)%f s C8GCRChs Az 0 ggrregq gg SRt Ral OC&'Qaag' nes ﬁan be
used accEUAPKEEPLEAdE t4Fer nbRht TP BBt AN ai RPRgRsY %S 5on by grent s
are generThel ﬁlr%‘@rﬁﬁﬁf@iréleﬂygéw |ofbPégmente &9 g MRRELPREDIATEIVEAERge to
use the aghigmeneatswriedspizdgnentsidegr zdyessukfiaeni Xeadevhite E@anpl e carbon
bl ack Wi@BC@QQﬂQbH)z), lithopone, antimony white and titanium dioxide. Of
25 the two most common crystal polymorphs (rutile and anatase) of
titanium dioxide, 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 (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
préferably, carbon black, which is usually used in the form of
furnace or gas black (see G. Benzing, Pigmente filr
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.



45 pht hal ocyani nes, since this generally facilitates the dispersion ?

color in the thernoplastic. 1 4 JAI 2004 23 Oxidation retardants anb4 JAN 2004
thermal stabilizers which can be added to the thernoplastic conpositions

of the invention include for exarrplg3 hal i des of netals of group I of the
periodic table, e.qg. sodium halid pot assi um hal i des, lithium halides,
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subst 'fd’t Efﬁ 889" C{)&?é?ggs%%lﬂ’t aeftsesarfebenzot Il hef.%dgr% ﬁ%%ﬁhenones

whi ch “are N anoun dbri cati ng

and denoltﬂ‘d%(j‘qaggﬂ?é VIRPSH AP B SrREESISED PE?:Y%é%fyltﬁlst%o‘{R'rernopl astic
conposi t isgsondagrpd¥eRRtgc apines 1wHhionaldkitin corgudcsaph cwidl d, stearyl
al cohol , philoksphostearaitedindnd adidd kyldstseatantitesecnd aahsoi eatress o6
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salts qf weg_g}lgl Ugk s &4 d&} [ll_ﬁeO{, pinaldmpum, of . stearic acid and al so di al kyl
ket ones, exarrp? steary etone. 30 35 40 45 1 4 JAN 2004 24 we

claim 1. The_process for preparing a polyam de by reacting at, | east 5 one
dinitril EX3AR1gE PodEt SARL4L 2P heT t"ﬁr&&t‘%rsuahts%ttléﬁﬂe?%&%n?ﬂﬁm 90 to

400C and salpresatew, fhamroriazelessentobepgophenpnes avhighiareof at |east 1:1
for wat egeherahey waed tiot anowdt=iafi tupl ke andoyivetighé.in t he presence of a
het er @geneous catal yst selected fromthe group consisting of

Lubricating and demolding agents, which are generally included in

the thermoplastic composition in amounts of up to 1% by weight,

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.

30
35
40

45



10 al um num oxi de, tin oxide, silicon oxide, oxides of the second to sixth
transition group of the periodic table, oxides of the |anthanides ahé JAN 200t
actinides, sheet-silicates and zeolites. 15 2. The process of claiml,
wherein the catalyst used is selected fromthe group consisting of

bet a-zeolite, sheet-silicate and ti%%ni um dioxide. 3. The process of claim
1 or 2, wherein the catalyst used is a 20 titanium di oxi de advant ageously
conpri si Mg fel@afin7® to 100% by wei ght of anatase and fromO to 30% by wei ght
of rutile, in which catalyst up to 40% by wei ght of titanium di oxi de may

b | aced ide, 25 4. f fclaing 1 to 3,
wher oin, 5 t 3 Fob Ress ok p¥Epartnd's HASuRRPAENY Cealblnd o AR, Oi G i s

repl acetl by tWRgSiBhtbiitiéndsat Aledi i MFoddaprotdedta¥atehided in any of
claims 1 to 4empggature fymme B0proctts Caand| aimmedsuneafyonf0.dl &oms 1 to 4.
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replaced by tungsten cxide.

25 4, The process of any of claims 1 to 3, wherein up to 40% by
weight of the titanium oxide in the titanium oxide is
replaced by tungsten oxide.

5. & continuous process as claimed in any of claims 1 to 4.

30
6. A batch process as claimed in any of claims 1 to 4.

7. A continuous process for preparing a polyamide by reacting at
least one dinitrile and at least one diamine with water,
35 which comprises:

(1) reacting at least one dinitrile and at least one diamine

with water at a temperature from 90 to 400°C and a
pressure from 0.1 to 35 x 106 Pa in a flow tube

40 containing a Brdnsted 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

45 may be replaced by tungsten oxide to obtain a reaction
mixture,



liquid 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 fi rstt kiJ4NiZe
or the first solid phase or fromthe m xture of first liquid and first
solid 15 phases, and (3) adm xing tzge first liquid or the first solid
phase or the mxture of first liqui"d and first solid phases with a
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B. A continuous process for preparing a polyamide by reacting at
least one dinitrile and at least one diamine with water,
25 which comprises:

{l) reacting at least one dinitrile and at least one diamine

with water at a temperature from 90 to 400°C and a
pressure from 0.1 to 35 x 10%® Pa in a flow tube

30 containing a Brdnsted 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

35 may be replaced by tungsten oxide to obtain a reaction
mixture,

(2) further reacting the reaction mixture at a temperature
from 150 to 400°C and a pressure which is lower than the
40 pressure in stage 1 in the presence or absence of a
Bronsted acid catalyst selected from a beta-zeolite
catalyst, a sheet-silicate catalyst or 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
45 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



10 from 150 to 370C and a pressure fromO0.1 to 30 x 106 Pa in a flow tube
containing a Bronsted acid catalyst selected froma beta-zeolite cafdl i
a sheet-silicate catalyst or a titaniumdioxide catalyst conprising from

70 to 100% by wei ght of anatase and_fromO to 30% by 15 weight of rutile

and in which up to 40% by wei ght of 2fhe titani um di oxi de may be repl aced
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tenperature from

pressure in st ag*él’iaﬁ“rim’c Heopres ditte b(%r r&B%é‘ﬁ%% ’b‘rf tungsken K o027
Bronsted aci d cafhtyih as@reduet M¥HmIg-bet a-zeolite catalyst, a
sheet-silicate catalyst or titaniumdioxide catalyst conprising from70 to
100% by wei ght pedcerdataaselanist fim0a1 ik 07 3%0d)y roRcBbE @mprilsihg amel in

whi chagp to 2o %Ny wehght of the titanium dioxide may be replaced by
tungsten oxide, the tenperature and pressure being selected so as to

obtain a first gas phase and a first ~liquid or a first solldrph%se or
m xture of ngtp%%thodldenSJ.ng the product mixture at a temperature from

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

30 10. A continuocus process for preparing a polyamide by reacting at
least one dinitrile and at least one diamine with water,
which comprises:

{l) reacting at least one dinitrile and at least one diamine

35 with water at a temperature from 90 to 400°C and a
pressure from 0.1 to 35 x 10%® Pa in a flow tube
containing a Brdnsted acid catalyst selected from a
beta-zeolite catalyst, a sheet-silicate catalyst or a
titanium dioxide catalyst comprising from 70 to 100% by

40 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 reaction
mixture,

45 {2) further reacting the reaction mixture at a temperature
from 150 to 400°C and a pressure which is lower than the
pressure in stage 1 in the presence or absence of a -



and first liquid phases, and so that the first gas phase 10 is separated
fromthe first liquid or the first solid phase or fromthe m xture 1of JAN 2004
first liquid and first solid phases, and (4) postcondensing the first
liquid or the first solid phase 15 phase or the mxture of first liquid
and first solid phases at a terrpera?ure from 200 to 3500C and a pressure
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gaseous or |iquighggmse Wiroohttomiitngewatfefirst ladpied andabimtoseiifir om 50

to 1500 mM of wapkdsgar ahdkg of first liquid or first solid phase or
m xture of first liquid and first solid phases 40 14. A process as

clained in a of cl ai 7.to0 3 e n_at t hases
Cbraimod in T Betesinfnlihf e 71000 S0 20850 01ty R3E0  Te
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second liquid and Second solid phases’, which each
include(s) the polyamide.

11. A process as claimed in any of claims 7 to 10, wherein the
25 temperature and pressure in stage 1 or in stage 3 or in both
stage 1 and stage 3 are selected so as to cobtain a liquid or
a solid phase or a mixture of liquid and sclid phases and so
that a gaseous phase, and the gaseous phase 1s separated off.

30 12. A process as claimed in any of claims 7 to 11, wherein the
reaction of stage 1 is carried out using a molar ratio from
hl:l to 1:30 for the sum total of dinitrile and diamine to
water.

35 13. A process as claimed in any of claims 7 to 12, 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
first liquid or first solid phase or mixture of first liquid
and first solid phases.

40

14. A& process as claimed in any of claims 7 to 13, wherein at
least one of the gas phases obtained in the respective stages
is recycled into at least one of the preceding stages.

45



al kyl ene nmoiety (-CH2-) of from3 to 14 carbon atons or an

al kyl aryl di amine of from9 to 14 carbon atons. 18. A process as cl ai hbdAN00
any of clainms 1 to 17, wherein the 15 diamne used is

hexanet hyl enedi am ne. 19. A process as clainmed in any of clains 1 to 18,
wherein the following mxture is uged: 20 from50 to 99.99% by wei ght of
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a, w C5g-Cl2-amino acid or of the corresponding |actam fromO to 10% by
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wei ght percentages,.adding up to. 100% .20. A process as clained in any of
clainms 1 to @b’?‘g%eei”ﬁeghég %%poomén%e y

( ramne is used in the formof a solution
In water. 45
17. A process as claimed in any of claims 1 to 16, wherein the
10 diamine used is an alpha,omega-alkylenediamine having an
alkylene moiety (-CHz-) of from 3 to 14 carbon atoms or an
alkylaryldiamine of from 9 to 14 carbon atoms.

18. A process as claimed in any of claims 1 to 17, wherein the
15 diamine used is hexamethylenediamine.

19. A process as claimed in any of claims 1 to 18, wherein the
following mixture is used:

20 from 50 to 99.99% by weight of total dinitrile and
diamine,
from 0.01 to 50% by weight of at least one dicarboxylic

acid selected from the group
consisting of aliphatic

25 C4-C;p a,w-dicarboxylic acids,
aromatic Cg~Cj;; dicarboxylic
acids and C5-Cg
cycloalkanedicarboxylic acids,

from 0 to less than
30 50% by weight of an aminonitrile and also from
0 to 50% by weight of an
. o, w-C5~Cip~amino acid or of
the corresponding lactam,
from 0 to 10% by weight of at least one inorganic acid
35 or salt thereof,

the individual weight percentages adding up to 100%.

20. A process as claimed in any of claims 1 to 19, wherein the
40 diamine is used in the form of a solution in water.

45



