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Preparation of polyanmides fromdinitriles and di ani nes Descrl deplaced
spresent invention relates to a process for preparing pol yam my
dinitriles and dianmines and water at el evated tenperature an

pressure. 10 It is an object of the present invention to provide a process

for preparing polyamdes fromdinitriles and diamnes and water in a good
space-t i me Breppgapten of pelyrnidesdiem diatysilee fndaliapinefve found that
this object is achieved by a process for 15 preparing a pol yanm de by

reacting atpdseasptose dinitrile and at |east one diamine with water at a
tenperatuge from90 to 400C and a pressure fromO0.1 to 50106 Pa in a

nol ar ratl of _at te tot tot a jtrile and
diamne in epﬁ?%%%ﬁc’énvefn%éoﬁefee%e&r'neous é‘%ggstf%%e}‘)r {7 Lgi om t he group
20 consi st iR YeRides nframinddRitelles rf“%(ld&émg‘?? |%i9nW8>"<FHe ¥atedi - the
second to §:iampl¢rat’am|Qnd)|¢1gVénﬁd.cﬂrQSr$@r9er| odic table, oxi des of the

| ant hani des and acti ni des, sheet-silicates and zeolites. 25 The invention

further pgor dgsan memwughergmﬂ‘ QhvBHEIEH I pravmeéy@rpxdﬁelag for
ook, QES:‘;@% 2ind Wofydiths| 8ol hittiecdd8h &0 o) Qea“t‘**éneﬁi Zhe ! of
nith 50" wdosh Ebaceruis vielf W+ﬁbﬁ*§&l@§£ﬁ%ﬁ@&°§ﬁa‘° 21588 e om o, 1

to 35 x 106 Pa in a flow tube containing a Bronsted acid catal yst sel ected
from a bet &ez bevet founnd dihast this solimetsiils| aahieveast dyy 9t poecess ifoani um
di oxi de rmtpaiepatring canpdlyangdéroyn oadtdngOato byasteiopkt dohiemilteaamdaat from
0to 35 3Qéa§£ Eﬁégﬁan&fner Withewat gt Whiétphtu@et@oRY90iDR000E 4
mxture, (%) Lrosppny el eaceh sohde pILE h HNSE LRe10 UE & FLREEHLT

, %Cwaéﬁra %g’fsﬁ?lg %\?u %#1 qafc dF'BﬂKE?lf%aaW%[ ﬁéaﬂfﬁ%nﬁ} the S n stage 1

40 150 to
in the pred&REENEE %?er?@éeBPgﬁn‘B?‘tﬁlélaéé XEFcPe]@&"&Fy&O%e‘FI&:t%rGuProm a
bet a- ze?Q toonsasbingtof alumhnun-exideyatdncaxidesisidicont oxidan dxddedeof
catal yst ahepsesomd) o aixEl toad€iidny gweughdéf atheaperisdianciflegm. 0 to 45

30% by wei gﬂtldefs s£itdnee 1aRdnhAiddE GhdRctonfd8 Pneridbilfdatddhanki t ani um
di oxi de mayg;Lgp! aced by tungsten oxide, the tenperature and pressure

bei ng selecte SO as to obtain a

25 The invention further provides a continuous process for preparing
a polyamide by reacting at least one dinitrile and at least one
diamine with water, which comprises:

(1) 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 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 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 to 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 cbtain a-
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gas phase g-régbzs irst liquid or a first soli'd phase or a rfi t
»solid and first |iquid phases, and the first gas phase is

the first liquid or the first solid ase or fromthe m xture of first
liquid and 5 first solid phases, and ("3) adm xing the first Jiquid or_the
first solid ph&sssbraahehasexppded figet iigueid|end F1ZARG ‘F?Jr’sc{ %E’G‘FF’d°5hases
Wi th a gaseousa mixturgiaf fhizst st aodn§ivet ekiguidy phagper Ang &bfrom 150
to 10 370C angigspress phaskr as fegarared0 fxom Othdfitratobianid amprbeauct

m xture. The .igyepti gt idiighage & OMidiELhe APRELFSI VIS fAFEEEEEqiid apaeparing

a pol yam_de by _r.eagt . l,east gng dinitrile and at least one 15 diam ne
wi th watér, mhif%ﬁggo%r%%‘gkgég?% reacting at least one dinitrile and at

| east one diamine with water at_a tenperature from 9Q to 4000C and a
pressure frdmn admixing 3ehe figst phiquidy or| shet fibest AldnPhasea Br Rt ed acid

20 catal yst semdstedefobniixsibelaquiablande féashl selid phasest wiih iac gageous
catal yst or a birt apguid Gnxsedeonpi B iyl wateppat Sa ngenipegratife tfrchDA%0byo

wei ght - gig anat %?30@%c{ OM-QstPre FHUmDY . VeigNio &f 1106t b e btainWRI Ch-up to
40% by wei ght g thg titanium di oxi de may be replaced by tungsten oxide to
25 obtain a regff)figﬁ mxture.: (2) further reacting the reaction m xture at

a tenperature from 150 to 400C and a pressure which is |ower than the
pressure [hesinyentidm further erayidesr asperiiduicys RIEFesR (O REPBaBENg

cat al yst sal eolgamiderbyarkettinedt tleastit ahg dinixridbeand HAY ileast owve al yst
or titanisugidhoxé deiataltks] wERiPicombRdsésdPm 70 to 100% by wei ght of
anatase and fromO to 30% by weight of rutile and.in which up to 40% by
wei ght of he titani um di.oxi de may..be. repla t S ' ae. 35
t enper at urés‘%nae Fgég%raet BER ﬁg W Sy régeasgzo%b]t%l@% éggfc?fr%'ﬂ'%eagvggﬁase
and a first |i¥BFEToRt £ FHMPPIRBITS) THPHs@00FC 209 Alife? T 5EE gﬁ?l_f'd and
first liquid pRadeto ¥nd J0%tBamtin ehéley reubeypontpining 2 Sx9asiedd@¢ibm t he
first |i2gui d ocathkyst iseliecsetli firgrnas deta-keokitéaecatiadyste of first |iquid
and 40 first sghbdtpbpERfateaBdtaBys@r Xangithgin Idiloxiitiguédtalysthe fir st
gascous o 11 GRErSPLls FxSaco o dods By’ ethht of Hnabdnt MR TIR 0 E9.5
3700C and a prggéu g‘?er%&o?? f?“zl‘% %f‘oénPWh?%ﬁ%Eﬁ:gwhtUéﬁbe} Vg%] gi cr#ng a
Bronst ed acid EBRaFYEINLE SIPELCT MY B FEPL2GRD % FURGPLPY FXLdg to

sheet - sid5 cat e obhaan y& treactiop ORI BEES7

(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 Brdnsted 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 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 liquid or the
first solid phase or from the mixture of first liquid and

40 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 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 —--+ -



ES

3 trtanr uroesessoBE3Tat al yst conprising from 70 to 100% by weight of
anatase and fromO to 30% by weight of rutil'e and in which up to 40% by
swei ght of the titanium di oxide may be replaced by tungsten oxide to obtain
a product mxture. 5 The above pr ocess s preferably further conprise the
foll owi ng stage: post conden r aduct W e at erature
from 200 10 t%"ﬁ?&@é‘“ ﬁ 5?3&?3 éxh‘i’oc?%nse’lflgvrg%o’? hah ttohr!.‘f)l % ure in
stage 3, the téMfiehk Hffea%ﬁfﬁfsﬁr @adyfEond e SQfekY stpighta ot BUtb]rﬁ A1 a
second, wat er- Janahdghowp ate ddtabli weights gfhabe bthtanium diomddeimay deor

second solid phagdaeedaby tiingstenf o2édontd dbtgtihda apubdrromidxsated phases,
whi ch eacd include the 15 polyam de. The invention further provides a

conti NUOUS FHLSE35e " BFodUSRY bBGrefuibll YATLAS: PUHBACH B0 atol AAREPNS

drnrtrrlea I'e one am ne wth water, conprises: 20 (1)
reacting at®i1%&3t one dinitrile and at |east one dianmine with .water at a
tenperature from90 to 400C and a pressure from 0.1 to.35 x 106 Pa in a °
fl ow tube cht asitegndeds bns ttde prpductatidtpse stl @ctewperasore fegm-2080! it e
catal ystioa 25 #1880esiand al resdkary Skhivh dst 16wl WM ekedprésdidey/ Sh
conpri sing frOfBJa etQ 19198@% Q{H:eOén&"tﬁ‘eééﬁrér@e{r{f@e(iekeedw&y to
wei ght of rutilg, Uit Wb 49:(%%%%' A0Lo0la s diie LLbaphal d i de
n € 1o

may be repl ace e taln a r et

further reacti r‘i’g%ﬁ@nae ‘E‘f’d’n% ReGPRd 01 % BRAEP 2TrRe WHFelgﬁ 352

and a pressure M§udA ard|sreand sadidhehafesyswhichiepch dgeludenthee presence
or absent® of @pdByemided acid catalyst selected froma beta-zeolite

catal yst, a 35 sheet-silicate catalyst or titanium dioxide catalyst

conpri sing mfxreomenr;rb&%ﬁmrwef&mdéy aaeaheseuaﬁd Pfreeggg £ r?%%gagl oxr de

e e, o gg,‘;gﬁm s%;? abliHE 10 AAGDYla gt SN BAS 4L ALl

may be repI t ure an pressure

sel ected s it ) ‘ﬁbﬁh t§r4ow*‘??l%tc‘§‘5’§lﬁﬁ33e and a first liquid or a f| r st
solid ph#&e or a mixture of first solid and first |iquid phases, and so

that the f(l)stregasipboste Ienstepaecadimitride ahé 4t ridadti gueddbamines witthr st
solid phase or watein dbea nieffperatate§ firsnt doi gui goourd ahiar &t pseddtredFRBMS, and
45 This Sheet Has Bsess Reploacpsl il bl Eh Ly tddd Kbdthlihihy!a Iéxldnsted 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, '

5

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 liquid or the
first solid phase or from the mixture of first 11qu1d and
first solid phases, and

45
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(4) postcondensing the first liquid or the first solid phas

sm xture of first liquid and first solid phases at a terrper

to 3500C and a pressure which is Iovver than t he pressure i

tenperature ressure 5 b sel e as, to ond vvater-
amrjrp anmoni4 cé’ﬁgﬁf’ﬂ? Sh £"Eﬁ‘1td @oﬁ’a e Lﬁo gr s%@%‘ir?&‘asfof’rd
phase or a m xttﬂﬁemb?t%re%(ﬂfdfP-Fﬁ'EuJeF-W %éoﬁg%%lﬁq}ldpﬁaé%%s athisch each

i ncl ude the poltpapedatur fHom RPY nMod @A5H°Cf andher puessvseovhidie isndeweron i s
described in phafrthE-pre$ul@4if2skadenpyblkhs heshmiratheepand rpiessigbe of
the present I@,\é@ﬁglealec% dbnhé rid ptagd Hayeécshdowe%ﬂeam any
e o o quBfardShOMIAY s Yl R 41 48181 X decghoups,

singly or m xe es are

erre specli
al pha, onega-al ﬁ éﬁe&i‘?ﬁ? ﬂrl BsMREHTR qfréﬁangol’ﬂu@araBSn g‘f‘iﬂfg °¥Lr’rf}re
preferably fro@hdses, gvhiagtheacht elrﬁsluden thegepal¥gmidee noiety, or al kyl aryl
dinitriles having from7 to 12 carbon atoms, 20 preferred al kyl aryl

di ni trilwes Thei pointiplediofr! tHe Nhidddses ophthd iAtion 2k kydsyrdbghoip of at

| east one Nyl t C t Inter |
gr oups. %‘%EBQ D@ ﬁﬁegb?r"?gg% hﬁ’f"g{lg (Lﬁdrin?#t:lﬁr%ee g?gb%odé%e\?ﬁ?c%hﬁave t he

t wo n|tr|I grou ps 'Re-1, 4 position relative to each other. 25 Useful

al pha, onega- al kyl enedr nitriles preferably further include Iinear

al pha, omeg&hgl @inridieniused| vay | in wrispipke ke lapyedénitmilay i.ecr2any

pr ef er aldlsy compband scdntaining oat 1leasith two ab Dl Lemgreupyy e argilyl pri nbxed. to 9

carbon at ogBph§éheqs Dindtdi C¥RANGRY pRaRerrad, spediayppobut ane

(adi poni tri hﬁham -]a R géﬁev,mtlagehavﬂn& fyoﬁygnggei(?'?arbon atoms
1, 7-di cyanglheg g g ar

13 akES annoggen 1% articy
pref erably adi re era'I Y o5 Fgrﬁ% téPn EORVERt
manner by &8ub ]éy%‘?yéafj&ﬁ?ﬁ: dﬁat"F-Bﬁ &F fllrd\rtt% BuFaEPhatoms, vy | | be
appr eci 20c@refierred §lkydpsyl pdiwitislidesobeing mllydersyl dinitnilgsavhigh of
dinitril eshevenaxtalkyleot groupidf iaktelenst orfeurchlrboncatom detweensticd as

di car boxyl agom&tits urfi®' agdatke et nddir P16 @dubs . TREpeL 2N 13 phtéQérf@d/ in

principle Qﬁk i'é{rﬁ ‘Erﬂ £ aré‘%os@oﬂi‘?%qla%mtﬁé“t Aleri®8shr nY);Pﬁ am no

groups, Si ng mega; Di nes are preferre espec ly 45
al pha, o ga aTY}l%yI €nedi arlntﬁ%% ﬂeglvaﬁ:nérgf‘r:omg%a “&arbon atoms nor e

prefera from3 to 10 car bon at ons, |nthe alkylene
Useful alpha, omega-alkylenedlnltrlles preferably further include

linear alpha,omega-alkylenedinitriles in which the alkylene
moiety (-CHz-) 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-dicyanoheptane, 1,8-dicyanooctane,
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,"



noi ety, or @bkyysps87di amines having from9-to 14 carbon atons, 0050/ 50537
5 preferred al kylaryl dianines being alkylaryl diami nes which have an
-al kyl ene group of at |east one carbon atom between the aromatic uni t. and
fhe two amino groups. Especially pref eEr ed alkyl aryl di am nes are those

whi ch have the two a sin5the 1,4 lon,.rel.ativ

ot her . UserRACEATIRS. BHEPLAnIl, FLanbasa iy ALBTLroey yriripRe iich Fage

| i near al phan cﬁfﬂé‘g'é»e&f—‘kﬁ‘élﬂé(ﬂ aftnégast ond é’larrPﬂ% %ﬂ‘?{‘}/lb@ﬁUeﬁBl’éﬁ/ (-CH2-)
pref erabl y aomatiies uhibnasl tthel 4woaamine Jroups . nEspeci® ljyveprefdssed rom 3 to
10 carbon adn¢ELarylclianides3-ateathos® vfiaihe havd, ¥helita aabtb agwoups in

1, 5-diam ﬁoﬂ?é‘tla'lepoh@l&i aE1ReRexaps eédiﬁé%ﬂgirhw enedi am ne, HVD),
1, 7-di am nohept ane, 1, 8-di am nooct ane, 9- di am nononane,

1, 10- di cyanodec ne art i cu fer, abI y hexa | enedi anj n

Hexamet hy| IR AR LR es DERE ST RREBPE DYAC ol o
catal ytic hw}et@greﬁ&phenomﬁgat-ﬁékm'émqlhargmpgnovhl%mrc;s!@n aﬂ-kyl%ne IPIphE

di am ne may(-eafsant pgebarsiblybeonsaihs rExome 3f bo nldfcarboal atoms, morewater. |t
will be popsesicra®lyt Bodm i3 toS 18! 6QrHwis s, t SuchiS: i BLdi&ﬁlndﬁro%ane,

plurality Of ﬂ'd@.@n@ﬁéb a8, thuse&lt ’?Qﬁnl%l""hél If W&J‘%“aﬁf& ni t r| le in the

CONMDNOMer s hexam ie eaélalrmatnleo

quantitati vi Speci Y CRRTOREREY B ‘I OV\'/ sgﬁ él sum_total of
dinitrile arf mpﬂ??’f"‘m"e dqdrdirminananaag;, ?‘ J‘§t5f§‘n§6‘e"c"’i'a‘?'ﬁ)rounds whi ch
react |ike raxtiisulprly praferabhg WWYléoﬂdiwm of the invention, such
as dicarb®xylic acids, and diamne in the quantitative specifications

her ei n_bel OVHéiéah@dHleQndidiﬁn‘éUﬁhiroﬁél'otﬁ-fal(ﬁba”lﬂea dWhvant i6hal mehrRgubyal ent s
used, i. R Qﬁﬂgfym dES&& Agﬁogvféhem'@r %dsgghgﬂs ocess

condi ti ons el e I'nvent i on) ant ageous I n the range
from 0.5 t0 : pre erably 0. 8 to 1 2, especially 1. In a particular

enbodi ment, especially if copol yam des or branched or chai n-extended

pol yami de@ 'Thep digmipe prash Adgantageousyy el heefl nip rihet fozmi of s aplugdonad of
pure dinitrin waged.pure diamne: from50 to 99.99% preferably from80 to
90% by weight of total dinitrile and diamine, 45 This Sheet Has Been

Replaced Idy 331318d appkblidled that it is also possible to use mixtures
of a plurality of diamines or mixtures of a dinitrile with
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
diamine in the quantitative 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 invention) 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 . —
) This Sheet Has Been

L I



111111 111 Q,g%(}/ 59833/ 6 fromO0.01 to 50% preferably from1 to 30% by
wei ght of at Ieast ‘one dicarboxylic acid, sel ected fromthe group
sconsisting of aliphatic C4-Cl10-a, wdi car boxyl it acids, aromatic C8-Cl2
di carboxylic acids and C5-C8 cycl oal k edi car boxyl i C aci ds, 5 fromO to

| ess than 50% greferablé fromO to 30% ht of an_am Qonlt:[He and
al so from 6rew 803 ter S0 raE?‘ifqua&q‘lYofFBmS 0)6° SnebPyhrewitant 4

a, W C5- C12ongi-dicabakydicoacide ssdectegofpmheasranp eonshsting 9@% by
wei ght of alliprabic aneciqel,gadieabosyhic salitls, t &eomeafic €p-Che i ndi vi dual
wei ght pera&e&mﬁidlaegagpaﬁ@ L0B%6 cydieiinhndl caddogliie asids, i ncl ude
ali phatl 4-Cl0 a, W-dl car boxyl ic acids, such as.succinic aC| d gl ut arl C
aci d, Il pi ¢ acid, suheric. ac z

acid, pr ef &F9m %‘Hllﬁsés 5&?8%4% PIGLETEPLY| %tohbg ??a%(?%a’rl st Fgr a%l y
adi pi ¢ aci @n angnenigitiecans-&k8P di carboxylic acids such as terephthalic
acid and al so C5-C8 cycl oal kanedi carboxylic acids such as

cycl ohexanegbfap bex 5036 9eéﬁlera&§w terofm O UEd B0, pBySwbight @fusa salts of the
af or emergl anﬁdcad%%am cﬁ.daB!rdéfaﬂ% caoafmeasandﬁw%l&an% the salt of

adi pic "aci d.an exane ened| am ne, which s known as 66 salt. The .
amnonitrile used may .in pI’InCI ebe am nonitri .
conpound c&RPBI Y tRy ¥98t RYaveidhk ot gﬁgﬁb ‘ﬁ’reo&B°§ﬂﬁn%ﬁ aqlélagf 5?1@" nitrile
group, singhereefii xed. $-aminonitri I es [sic] are preferred, especially
$-am noal kyl [sic] nitriles. having from 4 to 12 carbon atons, nore

preferahlsy themdaividatawboghiipRiFeentadesd idingy bpneo nooat.y, or an
am noal kylaryl nitrile having from35 8 to 13 carbon atons, preferred

am noal kyl ?Bé% gfélrc'talr égg gacfgn n g% %a‘{%ﬁl}r&t& &e% whi ch have. an

al kyl ene g one Car arorrat I C Hnlt and

the amino &n#~ h??‘?l?‘?’ﬁflg'FoBﬁl s B a PPy SPFRTES é&lgm ?ﬂ)‘é pitriles
are thoseadiiPih anive PhBebis rﬁ?lgir:oﬁﬁbaﬁ%lc Aaid, azgiaig aqi hée aqmto

posi ti orzor etdd erdferabthp adimic athd andnsetwadilcyhcid} rpdrtiguddrly

pref er abl ypaetéraly Waapiooadid, andi brom&tid opheeh dikarbbiyl &naciaset y
(-CH2-) pr sﬁeﬁa%l, ytefi%hehafm faﬁﬁ@ 4nk0a 1o 0@5 Egrbfélmkaﬁaafcﬂﬁ,@&a@ y

from4 to )g a&ogfdhe d?éa?b g&anopent ane
(6-am nocap?onl £ Y amno- -Cy ano ane am no-| - cyanohept ane, This
Sheet Has Been Replaced ~II~IH IIIIl II ~l ~ ~1'l ~ 0050/ 50537

25 Tt 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. $-aminonitriles [sic]
are preferred, especially $-aminoalkyl [sic] nitriles having from
4 to 12 carbon atoms, more preferably from 4 to 9 carbon atoms,
in the alkylene moiety, or an aminoalkylaryl nitrile having from

35 8 to 13 carbon atoms, preferred aminoallearyl 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 (6-aminocapronitrile),

7-amino-l-cyanohexane, 8-amino-l-cyanoheptane,
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7 9-am no-@dosgas088yyane, 10-am no-I|-cyanononane, particularly preferably
6- am nocapronitrile. 6-Am nocapronitrile is customarily obtained by

-hydr ogenati on of 5 adiponitrile according to known nethods, described for
éexanple in DE-A 836,938, DE-A 848, 654 707 US-A 5,151, 543. C] course, it is

al so possible to use n xtures of urallt amnonitri,le m xt ures
o o ons nod T xR et tans 18- BBtV aRoRPAGRL: BaTCiPRLREly

possi bl e t oPxRkerAbYi AednivpqaPrepitsileid aninonitriles derived from
branched al kyl ene or arylene or alkylarylene conpounds. 15 The

a, W C5- C12- edarnilihc2@ipitoti $ €t Xed i sb eubt afidNiae Bb@A2hEd a8y thydrbgaia €t %ENOi C
aci d, 7-ag 0faaRqhe 86kshdiSe@ b NRAGHR MYthodd$! desctiHEaN 8BLNERRLAG R,
10- am nodec]g@gl %3%“998 Bﬁ_ﬁrg&oggge&?_r}%_% acid, o_g, 42-am nododecanoi ¢ aci d,

preferably arfifnohexanoi ¢ "aci k 3ed2dr the invention is
carried out at tenperatures from 90 to 400C advantageously from 150 to
350C, at pr@fsiurseir i ip alscoroesible e ups Mhktrasfgenpbutakidvalofst s
used nmay beamiviatdsridkecoedifxtomreshef ar uinoahsrile ngithf fakthenum oxi de,
tin oxi deo Sdmdricmierexi de as pyrogenic silica, silica gel, diatonmaceous
earth, quartz, sheet-silicate or m xtures thereof al so oxides of netals

f the 30 d.t h. t it di t abl
Ot o Ead ¥ g AR bhePutl oD el dfak s dini Bl fad HHd, 10
oxi de, oxi dEsingnigral Fgrﬂ?ﬁﬁ’eﬂe?%ob%ﬂﬁqhﬁddé 1ky1eRs, o @r¥dene R%xi de,

thoriun1OX|%kSY%ﬂrxéeaeyﬁﬂmHQUQﬂﬁde samarium oxide, rare earth nixed oxides
or m xtul®s thereof. 35 Useful catal ysts further include: vanadi um oxi de,

ni obi um oxigies o, W08 Aemifbr A dIRsHi €8n b&@é&ﬁ%BﬁEh@%ﬁ&ﬁ: dcdagst en
oxi de or mé(téi'l{l?x%hhggﬁgﬁ chthfrElﬁl o‘kfépg%wsnaéﬂfl Bl %ﬁogsa%lﬂ&%ed are

i kew se possup g_ Sone_ sul fi.des es .such as zinc

telluride, 1in’ Sefenie Onanqlcb8%h€h1é?%ﬁﬂlﬁgge?ﬁﬁ 185l fide, sulfides of
ni ckel , of %w@laﬁane?cmwmn‘a& wlaeda%faanqp@ PRédat BFSHRTAILINed
conpound%orﬁnﬁm$@°B©§§@P¥ﬁtﬁ¢léﬁ i nclude conpounds of the 1St and 7th main
groups of the periodic table. This Sheet Has Been Replaced 11U U ITIITT1 |

FEETTED 11 #Hb@reB8ss &€ 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

40 between the oxides mentioned are likewise possible. Some
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.

45 The aforementioned compounds may be doped with or include
compounds of the 15t and 7th main groups of the periodic table.
I —
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Useful cat @lgs osw+ her include zeolites, such as beta-zeolites,
phosphat es and heteropol yacids, and al so acidic and al kaline ion
sexchangers, for exanple, Naphion(r). 5 If appropriate, these catal ysts may
i'nclude up to 50% by weight each of cgpper, tin, zinc, manganese, iron,
cobalt, nickel, ruthenium_ palladium®platinum silver or rhodium

Pr eferenceUiSGfgi-v‘é#i"—ét]chc‘,'-&t Arysher saicdudeqzepbiiathe sYFBupS BRFA-GROIEPRY of
bet a- zeol | phosphates sind beteropellesyidsi, abhg alsa adidicdangialdkaline ion
advant ageoeskyanges | Joigekampld) Naphiof%®aby weight of anatase and from 0
to 30% by weight of rutile, in which catalyst up to 40% by wei ght of

titani um XI regpl n p° gL eof .
such cat &1 2t a9§ e, ?.Bs%% Sr o3l M etk ”3@% A EedPEE L ng
as a Br dn??& aE‘EPP efrdPng? %H@nﬁaeﬁﬁ%bsﬁqrbnwgﬁiﬁ ﬁrﬁy be used
with or wrukbgpiems paddadiumerplaisinifeesilyen MmmbeddiMede may be used as
20 a titanium di oxi de extrudate or as titaniumdioxide applied in a thin

| ayer to ap&éﬁaﬁéﬁce T YRk to!aid1Psdboré Uectad ErouppRe tgrautch as silicon

di oxi de, m | 0 1@ use any
nmet hod es r gg%rg& (ﬂteb%rta bé&P{‘Eé‘ s(ﬂbg{ ggl%éﬁ:ts and égb@%%lgly% ug1 di oxi de
S

| ayer ﬁnf'e%ll ﬁva?%q zour?§ of" %%stfjtn%l oun sUeh. as
titani um W§6§ p%&l?i@t&set F‘P‘én? ButoxPlE Y 8- dPSI ’;";E"r’r?f'ﬂl&ﬂhb?h
ot her i nocg&alEstiumtioudO&ohpoigidiht vift hhtamiun ddogddsoray ey repdaced
used. 30 Fbyt bengsten adXideoopauixiurase thereafy|Suchl oatdkystad @wrenum

nitrate Wgazeitulariy pFreferkb@f il thepPaté ScapsbROWEChEtiRXiddi@at es or
tabl et s of B@r@ﬁ tg&o&_ﬁ_@ant i oned oxi des thensel ves or other stable oxides

such as 35 si |con i oxi de. The supports used may be nmacroporous to

| nprove the mass transport. The praocess of the invention nay be operated
cont i nuousP¢PERd 193 1 ihed ﬂ@‘“ﬂ’?fplt%nprﬁi’é%%yﬁs ¥ PRVESRY dHthwafer is
used in a wWatheut a iavpportat Forainstance, ativbaniige ddorjde) may et Heed aagje
from1l: 20 a titdfjumpatiloxdideaekyryplatiecpabay titemilm? dioxids,appidedpirfar ably

from1l:2 tenhin6layéd ald weshippbhe. Stomabpl @l t Dfarthium Wibked&@ngb 45 sdppstve, and
'dlt n: tSr Plr :f ShERdad %ﬂ%%o_?;ﬂlcﬁéﬁ %Ilumhﬁﬁu ek o illi:lé&l;ﬂiﬁ“&l%k%leoit
INNEN ggogg#%% tg Uss arr"’a"]i |f{%?a 3 en%io 1 %H]tf“ujrr%stF% age
(stage 1) ARGHARER: hd&RiMng 15?“*‘3%\ °Ggg e glaven |“la\¥ Qﬁda%? L&Y one d| am ne
with 5 hydrolyzing organotltanlum compounds such as titanium

isopropoxide or titanium butoxide or by hydroly21ng TiCls; 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 1nventlon may be operated continuously 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.

This Sheet Has Been Replaced

A0




'water at a pesvgsessgye from about 90 to about 400C, preferably from about
180 to about 310C, especially fromabout 220 to about 5 270C, while a

spressure f

romabout 0.1 to about 15 x 106 Pa, preferably fromabout 1 to

about 10 x 106 Pa, especially from ab ut 4 to about 9 x 106 Pa, is set. In

this stage,

t he pressure and eratur can be adjusted relative to each
other in suth & %\ﬁé( n&eg?%“%ﬁf‘é?f’ﬁ?'ae?"r Jﬁ’d’ %F‘rﬁts%ﬁ% dfx8geahl IVALYES e
of 10 i quﬂéFQﬁfl@olaltdlﬁﬁ%%é@eaﬁ‘énatﬁh%%cﬁ%i pladeast rp%ldéa@hﬁ%dﬁ’#fé'ht t he
liquid or sedter pltasetemperrturiexfuer affout i9uid amtsdluodcpmrably
cor r espondsfidn tab®uteasd i € dboutus £0°c, Weepeasallie fFomeabsuP e tosabout
separ at edsoi'fo CASwﬂf-Ié aP &Qbﬁr&%ﬁn@&%oui:hé’ ﬂaéc?%ulﬂh%excﬂﬁ bS separat ed

fromthe |

phase at o

present i nabl'% ﬁh&?ea?8¥%9 & &§5 d?‘tyas‘@oﬁ? sﬁﬂ‘lﬂ}ﬁaéé'aggroﬂz & préssure

| i qui d- sol

'ng:!'Q Bo1y>8kh %%%%eloléof%@éﬂé % Q‘f&&'rpeat esﬁ?—%ig'l%{ i qui d

can be

| Y Fempesatare Al e, adiestndgalasivadte sy athee FmrsuckOaal so

be adj ust edvayelast tocobbaiach ldthéd om & wlid physé haid Bheixsyne eSS s
M xture 16 PSRN bragodidigHisesSahd th Qfaddoildi ghava@se. The renoval of the

gas phase

can be effected by the use of stirred or unstlrred separating

vessel s or i/est%el metSr' &g an e2]‘§l %’o‘ir}’% %?-ela;ﬁf vsﬁeoora g}gi_?r at ug for
ato

exanpl e by Teans circuldtory Vi

e.g., fil

0

miarde §n dopohid RIeses sForrRfRoRdsgtekt %a“aa&rtémv\m’é‘l‘in@hsur e an

enl ar ged plhehRreast sheagasequs phpsai ie cepegatedcoftulia pamtodf thie synt hesis
m Xt ure b5 dtegeyseheof gasdme phaaet can may sepadltead chsan et Didquid @ase t he

phase i nt erdaGa pﬁgﬁéh@f Mol thiemikQiry ¥ Qaliaeolga..aqahatssh&sw atteonce,
€.
phase. Pr e%rr E:glgﬂoy_z [ 1%%%2‘21?%& forﬁﬁ%&r nggiigj?%g ggt gﬁﬁ nﬁ"er at ur e
SS

furthered

35 so that

ur 'S smafl}leélq aer?ulshe

)I}

H0H por pressure of

anmoni a, b&i%léaﬁei' e - e |q"?‘iﬁﬁ%mt\l}ﬁpBFessﬂ-]’r@s%Pet%W‘PQJT?é'—“GﬁhEPH
corrponenz% alpo be agiusted sednkive ccqteacheoghernin amedr at way th@t cheay, it

I S possi bl
t he hydrol

esynkheaisrmixspee dsl presdre: rammavalinglie asoide arabikpiidiphapgeed up
ysis of the 40 acid am de groups. The two-phase procedure is

preferably gar &bﬁQVQi'tof‘tth% 35285%&5% cuh s égf%fk@e% ng &Hénuéé%ffvgpgr
¢

synt hesi
ammoni a.

pr essur & Ofﬂ% B8y g§59€ ares uy it Gt

L balcadion 250
ﬁeB?e eé’é‘@f?r a&@?rftl“sv for %quﬂlel by 'Fea}n% of | 111 |

Il FI OOSO/WBiaEWY@Wa‘éBFarW thiaf-&iladeannrditeosa:r ©fJdihe two- phase

pr ocedur e
flow and

30

35

40

45

fiflimtiredersn ampibygheans cf tanbalahi disk seapeoas e dvhitde enspyar d
@ eanakded Hmsabareet fcdl QUebroain alasdsl, UEbBEFc RN RJCEOF
the synthesis mixture or the use of a loop reactor may be
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
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 temperature. This way, it is possible to favor especially
the removal of ammonia and thus speed up the hydrolysis of the
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,
but less than the equilibrium vapor pressure of ammonia.
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gas phase gogpysds37Thi s tubul ar reactor can be fully or partially 5 packed

vmth cat al yst peI I ets In a preferred enbodi nent, the upright reactor '
sutilized in the two-phase procedure is maximally packed with catal yst
material up to the phase boundary In not her, particularly pref erred

enbodi ment of the first stag thé ressure i s selected in SH way
that the sPnPpesiculAnly PEeferrod @é"@’ﬁfll ent of fhee trPRhaPS RESES ?r% no
gas phase usilpzesan upmright fkatft@be which Hiss opergted JHdar YPHasduFiov t he
preferred eﬁbodpﬂﬁrﬁalrlgr hab| avoteliheppckducte aitleitvel fumilidr opehahyg stor
materi al . AR ageRyahY Tﬁﬂe tdibﬂ'lbfl F&dsticrnicas/ vat ail1y Bruperetyl e

heat ed bgcﬁ Jeat he Qﬁ@i i t% be*lng %{Hﬂemﬁegﬁﬁ&%tf | /b stage

It will reC|a %‘ 2 3! axmgils

heat ed’ sep&P 8“ R DT i Jaln Be ‘?ﬁ)@’e}? enpfﬁ(ée%‘br‘?r st st age

means of nP%Phgdéf%%alﬁtrW%lt He FRdthfephase; beundathe synt hesr s
m xture in the first stage, there are no restrictions whatsoever; however,
it is genanahhytisat,cpaedivulinly ifrefeangd dnbudimeatt of Oclrd rfiires Sbadh,
about 1QohQUESprédff 3kl ¥eYdidd :Ltnh@uﬁﬁngewaﬁf YHazbeRE SfhiHerdkeRixtwrabout

6 h Alth t,h t th
degree of d8n %?%r%tn%iaﬁ%?n#??e {Pigcbnge, 81 et Mg o c

u
reasons esBEEFSTY ititdeareacteny g‘“tor’r"eegbﬁv%’rréq sen?’f?‘f &'o EE in stage
1 be gener Rreferrsd |embodimant okt T20WnERbE Wérﬁﬁﬂru%‘tvqléag’t’-t bout 95

nol % and espetyst Imatertihln the range from about 97 to about 99 nol % each
based onst he nol es of dinitrile and diam ne used. 35 The nitrile group '

CONVer Si ONn algafikdd E |V St @118 Pl i AR walbr! iSO 1 aeyhéﬁ\éd
stretching V*:Qr t%?aq_ % cﬁg?% r%vﬁqgmgiﬁ%lln%uggdkﬁ&&hg ﬁ%@{-_ag IR

S ectrOSCO nventi ndUC e reaC IOn i-n
g P wilh T appessiatsd, 8?16‘? ¢ aha, ek

st age
especi aI I yaéﬁes%dﬁaé'—eécﬁﬁpa (fFB{!}se%‘éh A oph daitesh éBsth%m d and
al kal i 128t Zirshdstdeabynseans t¢f mixdhgsalemenisd anmoni um sal ts t her eof
such as Na3PX4, NaH2PO4, Na2HP04, NaH2P(O3, Na2HP03, 45 NaH2PC2, K3P04,

fEZPO‘” fZHEOEe A%%PQ%E Kgﬂ?&mc&lﬂ%ﬁ@%f'Ehé’\'fyy‘iﬂ%heQ%QniMﬁ@hﬁrtlliét io of
e sumto |
PETRELEEE it i'rf‘g#l thef $a%€ BErd Gils” vidEELelE %%Xg‘ﬁ R
sel ect ed vmgf'ﬁ?’ﬁa ﬁ & T f%ngel ng ta ﬁFn The range
fromo.@PF & 9E¢(ﬂQLhPurs, preferably within 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
the 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 Na3;PO4, NaH,PO,, NaHPO,, NaH;PO3, Naj;HPOj,

45 NaH,PO,, K3PO4, KHyPO4, KoHPO,, KHyPO3, K;HPO3, KHpPO;, in which -
case the molar ratio of the sum total of dinitrile and diamine to
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The reacti opos0/5089¢2 1 is carried out, in a flow tube containing '5 a
Bronsted acid catal yst selected froma beta-zeolite catalyst, a
ssheet-silicate catalyst or a titaniumdioxide catalyst conprising from 70
to 100% by wei ght of anat ase and fromp;to 30% by wei ght of rutile and in

whi ch up to_40% ht of . the titaniu y
tungsten oxPRRE k#/r Hiflse 1$058 ﬁﬁer#n t§ﬁ8 gh?/elryvgﬁuf‘g Bi gﬁ?}hg &Pe
used, the p%oborﬁqeéﬁrGPlyéﬁé%hdé’etPﬁ Fanaq ifrem QnP 4 bx§u@-datal yst shoul d be
as hi gh as possible. Preferably, a pure .anatase catalyst is used. If the
dinitril e orhd headitdabhnen ustadieCANtiai dsrtigalouti £58, a ffllowexabpl eontaiming t o
3% by vei-ghi gsdgHRdr a&wsaaﬂm%ersey@cﬂéd GréfiNat Betdd A6v108e achtd Bt M
doxide calglagl F&%B@Lé'&& aﬁoxﬁng Jattfa&ys 5’5 izl ;&g

the pr oport# %(9 ana ga 1 S gﬁtgf%%a@m &?ﬁd re%863

rutile f this
case t o usi®f wtitdier apduin d\fb@,GPdEPc’a? A bYc HRpE %l‘hfg té‘l?oﬁ'nlt?{’)%rby wei ght -
of 20 anat adioxinid abyube IEplagedebyhtundstem okéde THEE Gatvelryspurer ef er abl y
has a poie aiidydief ah@canvbry baréd dldminddakel avéd) |the pireperabdy dg om 0. 2
to 0.5 M/ ganiifsclGr fRE tPPJa‘?u%aH%Hdé %ate& Ler abyidvoehhl Aiéh raange from
0.005 t° 0 os"ﬁbl%ar Eksf'éxaa{ﬂl%; a%&%gr at\ése g L?ﬁ%&e raﬂggd”ﬂ%“ 31 01 to

0.06 m gg Pore arreter

shoul d be ‘i“aﬂ i ‘Fh8rc %.dﬁﬁg‘ﬁa?d‘h%%% q%‘tﬁ‘ﬁaﬁe%%lb‘wfdweéat Pry

parti cul ar | §£q® & &paBP Py wedght ¢fcimprifijepacprefesence lﬁrE#-Wé?Ialﬂw rmre

t han 40 bR/ugingmiat tétbmivy diosfide abdtyakyste cohpnisi) anBligtutré ofhanBEase

surface areshd TutiBkl eprefdiabdol ¥Ré WiHpPRt3BAULE LtataizRr 0BT fodel A0 Rogher

to ensure WW wetghel ¥ tnChiy ézytld?@% | eyl afd yfn%efzgrlegdw:%atby ysts

have t he fowl tngPa:E){OcRﬁat.:J §§ é gggein rg &PRL € vol ue; 0.02
(?r et e snzgr Wﬁ

pm average p nEss Sce

area or 84%153?Wf“gﬁf'°’6‘féeaﬁ§ﬁt§ ESt 1‘6‘%‘8@*5\?@9 about 79k PVe exght %f m /g pore
vol ume; P CRakwsgy epdgrPPr éoalBM%?thzs’fNrEHH#ﬂgl‘heh&aaﬂex%t 46 n2/ g BET
surface ar grefErebiutlds st poreyvolume epfarfedm 0 bnte Gmmdy gi apapoimEaslgs
avai | abl e fgrefexabpyeffomwn.Regosess miAgit irherai@fa'gea poYbeaiimegat a8 oxi de

is used, URleEed@RaPYwithindlthe P& eerﬁé%go CLEE P)ﬁ asmcula 1y

parti cuI ar e%ree%gigb:g;hﬁql fthgqﬁj qf /%bplv\@é gdnoso th Nl um d| oxi de
S repI st en S Can 'be are s descrl bed
in ErtI PH@eP us r? Faﬁ%t%‘?’?}"g&’réﬁ‘ﬁ SEaARAYS e veH

Wi nhei m ﬂme -pEBR CWiding rpedRess|ifs PrefaraRly wxgatar afan &kt ed
sui t abl e f amticnlaslyproafedenbbly sedb N The BET muiffad® shepeib articl es,:
extrudat es prlefpehbEy Snores phanad b ymi/y,t part deunafly pekfetsbly morpeth&hs are
preferably ipf h2ghentd nkapsf dutAiRelBr8a SieeindiasrBeehe RS 362dme 1111111
1111111 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 m2/g BET surface
area or 84% by weight of anatase; 16% by weight of rutile;

35 0.3 ml/g pore volume; 0.03 um average pore diameter; 26 N cutting
hardness; 46 m?2/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 1argg_§9_ge“h_~
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.1111111 | 'bb56g§%§9537 12 readily separable fromthe product m xture and
not to inpair t flowability of the product during the reaction. The

spel l et formof the catal yst nakes it possible to renove the 5 catalyst
mechanically at the point of exit fro he first stage. For exanple,

mechanical filters or sieves are Erow d at ,the point of exit fromthe
first stager®3¢ilheeparapie i thgdIPTPHIRh Mpxtues 200 Mot &ec SRR LN Gy

third stageflowabiglityr efeth®|Brosiueteduring tthe seaetion.m 10 According to.
the invention, the reaction m xture obtained in the first stage is further
reacted in @ﬁé\ 121e%t férhetﬂf)aﬂﬁat d¢aealy o maAaUt t 288411 thoraRewd thel
(400)C, pge ahEEREt AW Bhe b4 tHe ENExE ANl LBIE 200 (200)
t o about eC.I al %ﬁ% he rang rom Bg 30) to
about 270 ( && a™ ? %‘%’Lﬁ"’ FeE 9 &ir@?’e?h%ﬂe HEVIFE st age
1. The presE‘Eﬂ‘ |q1f- &Fdfe ‘2°‘Fstb;?r ELEFRLPYAgR- IEathe LRRALYSE. Sy 106 Pa | ower
t han the pradditionallyt uged lin &he¢ gerend|dnd/ohethprésshage,wikl ide within

t he range fposfertadlly Qrésémt alinithe28aMd portd6 Pa, preferably within

t he. ranggefrom about 0.5 to about 15.x 106 Pa, especially within the range

from about go4g- Bt 108,20.16%a! e JdhBUaEkel ol LRoULpEatAl Y5 T

t 2, % {
1? |?g? gas pﬁ F (Tgﬁu;‘grg 5}1%@}'85‘8?9‘?.1,1’315‘198?@ Hhfs SRR AT & tTFOR of

first I'iqui@PHd H00r $258b| ¥l 3PRaEed>0 alfPBGCr haxefansdlyi pSt a gtapeTatares
separ at ed fwirhirhéhei range i ipomd abputi2Bl (296l)i to pilxse: @30f (B8AVI T m xture
of firstibiespetiandyf wishinsdhed rapfastsom 3Botbe240 r gd3oyageodbophase, which
consi sts esgapt izll)ycof afmp ass@f@ WACH 1¥aP0fer '&a%e@ﬁé%}isélﬁ@‘iﬁd

|
8?2“ P:Jg??oyt% riearllﬁ Sé:@ssu n:if:l cgé r}[apﬁgég ?r%khlé’ (r?‘te)f{e %boc%: r enoved
Q‘es 35 g? 4 W(ﬁrsgﬁ??a?lfeor?reﬁﬁl%ﬁ%n’r’hftﬁqgf dncoP FaneFadilyi the | e

I n the cour
and di ani reEeseagepuihhope Widhipakhe yrangey frem abeut H-dgsolabewl or st age
2. The r2ei4kencdofiPe, girefezabipotritdinmitheurangen fxoageb8ut sO rottod@beubj ect
to any restls o i10AsPahaispeerally bufithin ghecraide/ fioinbBout B HaaRGBuLr oM

about 10 migut qystpa akAIed PRUSSackteheldbhdut \@att'a'ws%ge range from about
30 mnutes to about 3 hours. The product |ine between the first and second

stages optionall ontai ns_packi ng el enents, for exanple Raschig rings
or S zep T RAHSch eIt SoWRFEHLLR [0 ZCEBNLT0I P EABSREH ofp O e
25 obtaln 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 liquid 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 continuously 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
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Repl acee 1111111111111 111112111.11 13 reaction mxture into

¢phase. This relates, in particular, to the single-phase proce}i!ﬁ”ﬁ!ﬂ ”I III
tage |i kew se contains

catal yst material of_ the invention, eg'éemall | nIp |let form The reactor

provi des a He3CtASR MHEIFPeABES the HaSd E’?S?}ro’ébﬁ redatesyyih PThicHIar,

cat al yst - f rese theasivglepbeseaprgceduriei-gher pressures and/or in the

presence of a | arge anmount of excess water in the synthesis m xture.

Tenper at ur &ra#drab ey § btfrﬁ &Eab.l’cér 18k peS8be6h® s tdyeS 16Rewi o8 onlBaling hthe

Vi SCOST 1 ¥ QlathiGo RV dISal of! ¥ EhvelERbR %Lgéalglq thy sl EQrm! event

any bli n rj]q’[eo cat gl { q’-&’& Accor 9.0, h?o&u ve%trl ?Ettigf

poi nt of e rF?ST‘r?’E t?emé'é' R0 prREE PREQVENEY & sTeves or

filters whicomPgyadavtide a Fatplystfrse Fﬁécg%t%%aﬂril em&ﬁ&r 15 separate

t he cat al ygirebsones handAoxt Resthe rpnasence Of %t@@%@@h@t fafr exceBgui d or

the first saltef phastike Gynthesisinditudreqf Thipataturguadd aprkdsurst shouldl
phases ifp Q‘.@T‘séﬁgc%& er@ suBBSE Ahtsy Yhaltl ‘HHévaé't%%Qt?{OHPrtl% Qﬁrn‘ﬁﬁbgis

pr ef er abl y o] S nt
of water a ;{fe ] %ﬁ%f){@f’éﬂ# ar %B‘P 11 ??ﬁ;}% Trom aﬁou 0to
about 150(5’ r‘?;\u ar & 5?919‘5%”[%1:9 Fﬁ% AR 1Iptn(ﬁ g%%ﬂ intn8%t S hbout
500 m, basfe?@mi khegerend progeds |g-age tAe if I‘%qu]mP&GI yith sieves oXo| j d
phase or offiflltersi whighe guaréntee Hheqpuaitpdof ithet syokhelsp mikkgvoe aid s

addi ti onpfsepaiate pthdraital yso sk ahes siyhthewicmixkasees i ncurred in stage
2 and furthers the hydrolysis of acid anide groups in the synthesis

Xt ure. TS (esulss bl 3LULHkPrADhens Al Uhsal YA Lngpihat the
X o g+E9 mﬁ [foi o d¥2DhaS &
e o mungpze pof \fidst ”Eﬁﬂ@l & g ATt st gﬂ%ﬁﬁsg’e& Sxga pithia

smal | exceZddxgpre
phase is pi98FEePEs|9r jwAdapbese W%‘Pﬁéﬁﬁnéxﬁﬁﬁeprﬁé?ﬁ%hbéﬁaﬁ@rl?Eroduced :
i nt o st &fe wakernvapdron Thigedls widre tcdoatfinneusly qfihe smounmte dfi watesoaddedphase
35 or the nast uiguid) fisr presetrasiyandthinsthé ixptige [fkemeabolite 50ea6t aboutray

optionally jB@ofhi! atbred b&e@éi‘éﬁ‘ﬂr ‘%Jﬁﬂ&ﬁt Ehé‘"f'!ﬂ'é?dl;éc lf!irbﬁeéb&h;e 1001 ¥bNgb&ft t he

S eaaur o >p tﬁ_ge }%to 23;81 a(?frnﬁét g% a(gc r%lsgé;gb% g an

Preferably, the reactor of the second

a pressure

(o] ;

e o P SH oo G o, afemﬂauﬁ of ? g Fi dgedd 4

enpl oyed®5 PbRRGr v i a@ﬁét%@ﬁﬁé‘? Jafes P§”ﬂ"1"é¥]é‘? Sorpengeteyrhe pakefcul arly
pr ef er abl yl@geeesi)@urmel prestage 2 andr Ehrthdns) theohydrelysie f186ida,
parti cul ar layige edesuds Wnf then £ynthbd6 st niXturd O@h®s. results in a further

advantage of this invention, 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 10% 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 106 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 another embodiment, the pressure and ~



*45 The presgos¢/sosiF enperature can be adjusted to each other in such a

way that the synthesis mxture is present as a single liquid or solid
¢phase. | n anot her enbodi nent, the pressure and 0050/ 50537 14 tenperature
dre selected so that a quuid or a sol4 pha'se or a m'xture of solid and
l'iquid phase and al so a ous hase “are . hls enbodlnent
the |iquid ‘G™PESREHTD B it 2o lW’dﬂﬂf §n8° i RP35iea 08 2

cor r esponddnizduggeofr solkid a@%ﬂﬂeﬂ%@ phaser aad 2o @ageseguﬁrmaéq gre

separ at ed ofdtaifedparn tiis tembedinemts, thieeljasbtdior sleddd phasdersdeper at ed

fromthe |inuittirer of Soiduidohagesolid rphaskBecsi xédfondel t60thd prrudivciqui d

Bpgggﬁt ats ltﬁ\/@\%%reorwﬁ </ UaeS aﬁ? te%ﬁagef an}, el Bek D5 Yaaicogan be
gt ﬁﬁéﬂ asegSu e ﬁ) b% é éF%%? 2ol t lﬁ%g&d or

l'i qui d- sol i'dr§ass

t enper at ur e‘mgg} Hﬁf‘set‘h‘é §HFem+’é %Pﬁe@ﬁ%rﬁ%&l«gﬁgﬁil PSS F&Fapor .
pressure ofoncgnmofi bhe (Rinthesiscnixtie fosming i withinukhigpsrags easube of
the 15 ot lpresearpinetws-phasehéosynthiepiid/gazéous, aoliiléggsemus toxnmper at ur e.
Thi's wayio i1iduSdP8ssid) sadedusavor especially the renoval of anmonia and

t hus speed up the hydrolysis of the acid anmide groups. 20 The

/ b b h
17Pa scussdiiapgoRstif & 1R aodefodl® 5 Preeloiid FRuprRantd 3G, Phat' 20°

subj ect to ey PreEsyre cts SHeligtt that Ade; EqPé]aJsl?ﬁs““bé’ﬁBPﬁl P’f/escﬁ“é-'teaPé a
range fromam®nipeubutl GGreaterethan tso@equidiboinm vapost pregsyreaalofuthe0 to
about S8Si%ather pampomertd lin phef eyrtillesisbmiktate Atnthesgivermbout 6 hours.

The producttdiipstHt@roDteiRe daly) ﬁafhep%ssgméet& Walvide! eBpesEsHIgd thd0 as
descri bed Va1l O SandidafiG" bRE SR tag% Q%afi{tenpgsﬂxéf’ OE shage 3

is subjected to a ostcon ensatlon | ratures from about
200 to abOLﬁmlggogc ¥ er abl y at tenperatures fromabout 35 220 to 300C,
especially fromabout 240 to 270C. Stage 4 is <carried out at a pressure
whi ch i s2bdhswapperafusyyigectors susajded inghllis sstnosf eanbby isdentiicalhtor ange
from about those &00£tagel(3 Rascusamd ahoeeerably within the range from about
10 to about 300 x 103 Pa. In the context of this stage, the terrperature and

40 Pressur gl ‘f»eé &féeectﬁ.g a5 {motgtt% e 2s dff@a& gaﬁog a fgcond

liquid or sql ase on m xLur gcon

phases whi chsci::gl P R he ré?ﬁm(fe refﬁgn o%?rbo%é&ﬁsgtlﬁ?\ o2 5 ﬁr?’g
pr ef er al#%y aPRRE; LQ Wiputes §8cgb°‘21‘5 19 Rheyre haRretq‘?é'aPéVa?]P%t \ﬁosé'-ﬁs F‘P?ut
(nmeasur ed & hgurenpearhigudasly E&f%m@lx aboitte il axinuhesfta apayt pol yner
per 100 mnl 6 hof686 Thi s Sheet Has Been Repl aced

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
subjected 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 out 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%
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LTETELD 11 100%50/5053%11 1111 0050/ 50537 15 strength by weight of sulfuric
acid) of the polyam de assunes a value within the range fromabout 1.6 to
sabout 3.5. In a preferred enbodi nent, any water present in the liquid phase
5 can be expelled by nmeans of aniruﬂt gas such as nitrogen. The residence

time of the nth m Xt re|n ends ciall.y on the de5|red
?hweJt B9 uﬂ a°l§5 g zfo Ytaﬁléd% NOUNt o8f 2wat er

rel ative VISCOSI SfafireY e85 X
added in st%yees ‘%‘fblﬁlft}ﬁ g8 F§°‘Br?el?%\‘tte& -8s*Q MR +phase regine, the

product line between stage 3 and stage 4 may optionally contain packing
el enents, fIn zpxefeer&hsoibogimenys any Switeer présemy iml ehenliquidvphabeal | ow

a control § ashieHRABSPEILEY Byhdeaist SEsis iHextUgss | sudkh Aehaigasgatase. The
fourth stage too can be operated using the cat al yst of the .i1nvention. The

use of the taI st. In stage rov ecul.ar h

especi al |y '{\f\l}t e\é ge?%? attjln% % &ég%sﬂ 18f mf’ﬁ - f‘l"ijg\ﬁggg %rffetq‘?élgfhl rd or
- in the ca%"é’e(ﬁl hE oR Hihee depiged ¥ Lyee visees bty &g‘éeli‘zeqaéé’é-”etrhan RV
= 1.6 -. drhy ereshvreping trhetambten’grqmpla&ﬁﬂ added gin d¢sagendent in the

pol yner 1@ greater than 1% each based on the sum of the rml es- of

di nomtrllemryi eamﬂ@ ted28s |4 SArdgielp ﬁas@@&%ﬂsﬁnth AdiRaceNY§RE! on,
stage 3 may, §9§§§ at 8 8%4'}:%\)}08#:)6%?)19?1 o?k%@ Qp carrying
out stages l(e[ g2) ar er.a car r% ed out as
fol | ows: 6‘8 fox, &F. Pehig Zingg jop, Su rdé‘é-t‘H‘ RASTEREEr The
reaction m"?&ltﬁhea °‘t’r%§t°é’d‘rpﬁ ed Rypansiondal ckhe synghesds grixtarre in

a-t enper td the @eshphaséde range from about 220 to about 300C 35 and a
pressure within the range fromabout 1 to about 7 x 106 Pa, the pressure in

stage 2 beitig FbukERSEtdyed t60105n e Ipaehtbiatsi t&htaaestah A JeNgpaane
time, the resubkisl. fidet aaﬁfph?éecat% €P 2, Al &t 4O Thnbd) 865 e OO

h 1 t 4
D st agd ‘EleSPiaf %et%gwpsﬁ IdvR %/ata%ﬁ?fiﬁ kb, errsif\a YRV I5SRIEE 3000

and a pr7e‘£J hgi ehfipente fromgehe rfd'tﬁrﬁleHt 19“ t‘H‘eaGGﬁ? o80ehe 103 Pa, the
resul ting meﬁdstm drocgduranmrecendostagei i) lagss thhnskV beilng separ at ed
fromthe semdddr| tieimblpirasttriVé Riroupbahlli scid agrdet Bontedtatinyehyi scosity
(measured go19mbinsl aleave)r Shan t1 kasH bhdeh R ¥aE 96mi St adieUsbeds
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In a further embodiment of the. 1nventlon, stage 3 may be
dispensed with and the polyamlde is prepared by carrying out
stages (1), (2) and (4).

30 This variant is preferably carried out 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 to 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 106 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
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16 range foo50Ab08871.6 to about 3.5 through choice of tenperature and
resi dence tine. The resulting second liquid phase is then conventionally 5

- di scharged and, if desired, worked up. In a further preferred enbodi nent. of
the present invention, at Ieast one ofgthe gas phases obtained in the
respecti ve stages._can

stages. 10 "f? Sl ﬁg?l%bigfc% gbl n%%set ?gﬁﬁhotgher%%%r E‘i’?ure éé’fﬁpressure

in stage 1 ¥diGesddggeestyieqin both stage 1 and stage 3 so as to obtain a
liquid or a solid phase or a mxture of liquid and solid phases and a
gaseous pharise adullaingpeecdne afifuideplgmsedss thémsmnvebfibnalle dr awi ng,

Fig. 1 ilbusisaifigednandpainiaesites, GRSFREdIgpout the process of the
i nvention. Key to abbreviations: 20 V : feed ADN : adi ponitri |l e HVD :

hexanet hyl epedi g tage 4
A effluent® S%afgﬂ:?‘ﬁﬁr%?éen%ﬁ ?ﬂ%oéﬂ?ﬁ%%(t"%ogh? h%’i:‘;epsr'e ce gsegt%%e' at
i nvention, least ong o6 B Jas Phases Lhpiged incHg FeSPESHiVE StA9%5 §ABNI ng
or a conbibmtiemyciledr énto Forleahisoprirqgfodde puoegedindyskaghbng or
chai n- extendi ng substances known to a person skilled in the art are added
in the indiy disalfu%ttﬁeﬁspremgléweét@ém ahe @énﬁz@t@&ebhudap@l@&ura st age
3 or 4. Usgpl a%ﬁxlrb%umtqo%agtg e sEA600¥ VS GARbUS s
branchers or ers sulLtabl e at tcli’ ae# ctlo aI

h

ami nes or ‘?,l?;\traddkﬁ i&q‘éﬁ o%rz?r§°gg€ PR OFn 2ERIAEW S pF g&
trifunctiorhasef Aed A-9asequs phaee: o, FERBTEFO AR e Aagpns c%’ﬁ‘éﬁl e of -
reactioni®ith carboxylic acid groups. They preferably do not have any

car boxyl i ¢ Beithegdedping, /LAt 1| edbisthatias hunapparestiust #Fbboxytryimeions have

at least thyge ﬁ@bgggyg,fcth@cihqeg{;g&ps which are capable of reaction wth
am nes and which can also be present, for exanple, in the formof their
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y to abbreviations:

- 20

: feed

adiponitrile
hexamethylenediamine
¢ stage 1

stage 2

stage 3

stage 4

effluent

&
2

HMD

25

P W N
T I | B T )

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 thereof. For this purpose, polymer branching or
chain-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:

Trifunctional amines or carboxylic acids as branchers or

40 crosslinkers. Examples of suitable at least trifunctional amines
or carboxylic acids are described in EP-A-0 345 648. 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 also be present, for example, in the form of their
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17 deri vatﬁmﬁ@s@-h as esters. The carboxylic acids preferably do not
contain any am no groups capable of reaction with carboxylic acid groups.
sExanpl es of suitable carboxylic acids are trinmesic acid, trinerized fatty

dcids, prepared for exanple from ol ei acid and having from50 to 60
carbon atons, . napht hal enepol ycar boxyli'c aci ds, such gs naph haI ne-1,3,5,7
tetracar boﬁﬂri’é’a&&i"ﬂs » THRET 28hBRYPT R Fheqsazpexytig acids,P Y 8Pgani ¢

conpounds &Mt GONtpdh yany ianioonpHoReRs caP@bEﬁaﬂ%lre%aqﬁwanWh‘é% qea&h%glaﬁ

| east 3 amamdglgcruppsarm:amplbsl bt suitldblleannnboxekize@caldbyare trimesic
nitrilotri eddid@)eapinerizel FHakxeaeidd ,arpragareaswleadahmdl £tdiy laraker i am ne,
trialkyleg qbagg%néﬁ@%rglgglﬁq My P&Rs, the alkylene noi eti es

orererany Yl Ye%%?’gﬁwinga%“{%suggn%% Ao FRGphTS 39 b used

(R2N- ( CHR) rﬁemaeeﬂby%y )SARRoKY13E BFkAS aRe; er#ﬁabwwﬁﬁnmz
where R1 iordandc CQ@@;W&\I@Z woerpolyr@erie cempounds.( CH2) n- NR32 where R3
is Hor -(CH2)n-NH2, 30 nis an integer from2 to 6, and Xx is an integer

from2 tfy I 3fsebﬁb$.r¥1né% havengat? 1c28REE ahido Jrodpd XrdS an integer
from2 35 gj;? loQE%er}JEE@.tgnﬁnLr 0ogyL é%ﬁ Fﬁ???i@éﬂét%an%gﬁlﬁé‘d' cals R can

al so have t te n n Preferably, R
Ky IHRBr L) RERED g

is a hydro 8 £ ]S?ﬂ%f?fﬂ“lag‘ B8t boxylic acids are
t hose havi i %ﬂsn%e@@meeeaﬁ%xfmr@a&wae@?mm@mlapéf ckhhiaikylgpey

car boxyl i c medietigsoppsferailyf beiegl etdieny| ncistiais Fuethéowarehavi ng

aromat i C1sRIéndr im8es ofarC el neelUss eiminesaNPeRGr Bicr D paré¥ératiap Hakgl the

ant hr acene, geneirBieRYimuid iPhenyl radicals or heterocycles such as pyridine,
bi pyridine,” pyrrole, indole, furan, thiophene, purine, quinoline, 45

phenant hrene, porphyrin al ocy haI yanine. Preference is
given to 3,5,3,5"- bl(ﬁlﬁgng&%’g Pé‘gaﬁ% ?bec(acglés l??ﬁtzhal(&iyani ne,
napht hal ocyani ne, This Sheet Has Been Replaced Il [1lI 1Il II1l1l 0050/50537

is 3,5,%0 witerpi phenyl t etracar boxylic acid,
1, 3,5, 7-napht hal enet etracar boxylic acid, 2,4,6-pyridinetricarboxylic acid,

3,5,3,% R is H or —-(CH3)n-NR1, where

Rl is H or -(CHz),-NR2, where
25
R?2 is H or -(CH3),-NR3, where

R3 is H or =-(CHy),-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
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 -(CH;),-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, qulnollne,

45 phenanthrene, porphyrin, phthalocyanine, naphthalocyanine.
Preference is given to 3,5,3’,5’-biphenyltetracarboxylic acid
phthalocyamine, naphthalocyanine, - T
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bi pyri dyl tg;dg,,qﬁg lic acid, 3,5,3,5 5 benzophenonetetracarboxylic
acid, 1,3,6,8-acridinetetracarboxylic acid, particularly preferably

s1, 3, 5-benzenetricarboxylic acid (trimesic acid) and
I,2,4,5-benzenetetracarboxylic acid. ggch conpounds are conmercial ly

avai l abl e or can be prepared by the ocess, described in DE-A-43 12 182.

| f ortho- sBoSt Pl ub erbimheavdkatFacarhoFydatsaetd used, imide formation is

pr ef er abl y 1,3, 5y@nbaphthalenghethacarpoxydiofasid st abl e reaction tenperatures.
These substxgagesppridiietrdearboxylitaicidnas,s @gberabl y at | east

tetraf unctinal-; e tprytaebory {endilQnal s gsoups. can be from3 to 15 16,
pref er ably o 8abAehGndihe BRAHER Al %AE! 1 S0 % oot fnd GefhacatBbxylic
processes &e_t RROPAVENTI 0 are Fri.60 ogt I':gl ng el ther at 1:8ast;
trifuncti or?&lldarri’ﬁ’é‘él‘ﬁ’rlaéayl BEETSER WU e 1 BT ?nz%é’reﬁﬁ'%ﬁ?’f%“yacllcd?Fl%ut not
m xt ures of(tgdmAsi@i aris)omndal bdwd5PeneraetetyatarbPxyiha|3ci8nHER of at
| east trif wompoonds are wesmeEyidbly 20ajlebbetor waphbet prépansd dyathe
carboxyl i ¢ pelcdss @&sbibed YArSE-A-4B1a2subst arf erthbesgbesinitadn an anount
L ;g;ﬂerlag yé‘%%‘%mi/ t?onﬁ;zodmﬁgl 4 &%df,p&ﬁlﬁaéa&mt&w lstﬁzt'éf_hraQﬁ&t'CW arly
preferably Pfg"ﬁ?&%%n&ﬁ%ggnggﬁoéﬁ?l r(%% %Q?J%)%%s"omggﬁ ?%u%a%?g 2t abl y
from 5 to 100, ‘especially from10 to 70, unol/g of equival ents of

pol yani de. Theseecgubstanaess ageecabakrastohri faneiianad oprefeicahlohart 1easho
groups or catlrafyhétianzEld gheumsnbedd ofi functionwd granpsxgan deadrdy drto

di f unctipnale,apragsraaly €ram 4Cairn,| pagthennisly breserawie tromanbesysi c
aci d groupsh f@cé@%s RE LRECArkbNUilA APENCa U ButOhs IndEitRed! QHPS
whi ch can et Ceel AR tOLRMIE b 3E' 18asr NS BubURELALN Ao EREPOXY ! | C
acids or ﬁ s rhed] s,? e carboxyl i C acldtgroups Or _apm no_.gr oups, do 35
not cont ai RCAAF- B MGt PAXERTeR AT FUGHpa™inghii%e CGFb?’é%ﬁJt‘f AFSRit h ani no
groups or dewBuRy! izmaldi amgratpof Ateflepgb| rifunsrignal yeingshmaynbany
further Zumpresentl igridpsrifuacplenrlotashospbie acdidsunand onixle yerags are
those which formsalts with difunctional carboxylic acids. They can be

linear ali gl LipsSifdb 2 2r&0pfdget ankyheRaiAMfem B €6 S@hin61/g of

oyal oal | phiPieaniade pretorBiyPeion 1748 352 %e@i%&isi“é‘gérﬁ@%%ﬁ% 2Eon
Branched alli fRatPc l‘%ﬁ]fﬁ‘ ﬂ@spﬁiﬁﬂa@eﬁgﬁ aéf,ceﬁnxﬁ a?ﬁﬁf@rﬁé’?f‘fg Vest ami n
TMD (t r3SviPEesentximeah et BFethe tor dRP HParticplarhy | pretarahdy €xpm45
each be suBstbpt U0@d enpeCiallyafion 10ptef 20 ahimolZy of- edrkittalentsdp€al s on
the carbonpplighnids. THY eqbieslertiis abecbafepldicathe htimbed df IFu@EN6RAB37 9
19 D f ungliigRabr Sisd LY bhebsk bz aktdl gkodpl e those which form

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;_js—alkylenediamine, preferably Cs_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 C;_j>-alkyl, preferably C;_js-alkyl,

radicals on the carbon skeleton.
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salts with gpsous053nal di am nes. They can be linear aliphatic

di carboxylic acids, which are preferably C4_20-di carboxylic acids.
«Exanpl es are adi pi.c acid, azelaic acid, sebacic acid, suberic 5 acid. They
can al so be aromati c. Exanples are |sq@hthallc acid, terephthalic acid,

napht hal en as me |ner|ze fatty acid

di 1I‘Ounct [ on%d fgxggl lo%ﬁh%ﬁ iﬂp 358@‘:’( arFe d"] %thg)éé ‘?Ilrl]la’ldfogﬁounts
from1l to 5@l aWiLFEu‘i“aW RSy E eY "‘B‘E)be é%BEEFa‘I‘]r hatdm 1 to
15, m g of qmafmmélc Awa%styagb@ghlayre mxefprebbthmod%C@rbgw reddigsst age
3, or the mamplds| ageiabligicsachdgd axdladcphaséd, ocselidtd cmaridy esubdersecond -
15 l'iquids aaaidseQaa & | £ N BECErdrid 1B .S ERERpTYs WYL L sopARRA B tdead,

pol yam de, pnehaiabhye &&i y%Ph@?&fenédic%rﬁﬁ%?ﬁﬂf%élhomaE h@e17 &RCLI ON

vessel in ven or exanple means of a punp.
Subsequentl‘%l" etrﬂ'é éo? g‘i’x tai ned can be worked up according to
conventional methods, as described for exanple in 20 DE-A 43 21 683 (page 3
line 54 to 'I;mgdlztunchgor&)l dasiienguhlding) biogkef t¢) aatecpvefenaty uskd fimvel
of cycliro dimsmntsnfitie 1 iy G5, Gpabt tuled19§Cpoeterdblyo firbm 1nwerad,on can be

further redyeedabyyertdmat Itaglshemwxbéf deyhhidd. Wi th an aqueous 25
sol ution of caprolactamand then w th vvater and/or subj ectl ng it to a gas

ol ccul ar AGRESGSRATY b&ﬁxes Boipurh QA= pbte Ciach ity BReRe i, SFuchea
caprol.act arﬁeq°inﬁe&?~q%fbrfm &eCand oo ishdhasgnar cyhe imixtase oPheaang i gorrer
can be rbx\idlauddi and sdword sefl i@ Opkamdson fsemostagmd/)omwhiibhr comprbEge. thae
starting nmpdlyasided plrerenaplieai poljmerumel€anideadiadlaxgddi frontltdhest ages
\évnth ghal lnxre%%hghoaésééacflnaa gbhmlﬁaﬁnggﬁﬁéﬁatfcﬁr e&BMP D Yyt (ine%'ﬁgrag
i car boxyligc s y
R e R v A
r ef er abl r 39 anoun
gf pol ya?ﬁl #i #Y 6&bridRges3 ahtrefinéRi PRIR S Mé@d”SﬁT—th?ﬂgé:hehal n
regul ators |nclude f or exanpl e propionic acid, acetic acid, benzoic acid,
40 ter;apht dh;iqianagiggmﬂié e&tbbaﬁﬁém,e(ﬁwﬁlaeiillﬁdﬂidjdzli: aggefiiri ahe such as
pr gnment s ®nap d aeberdify tIERBkakhyeRddn chd blersnHdIesi s
m xture priQe,k pﬁ&'é&l :za%ttlﬁﬁ thé)rspe‘éfy’aﬂl%x k&é@%ﬁﬁcﬁﬂdaq& d and fourth

st ages. usl add| tives

rtl
whenever f lugflﬂ? h%é sapd:P?‘B‘S ?ﬂe nc}n%?ﬁﬂ glﬁ?l"l’atr?% a@ﬂéBﬁn?"g?J%}lt%Bg bkd
catal ysts it® Ph@a?e%qaﬁﬁ eptagk iR sdefsribad 1 FRoRe0TRBYE Whetfomas Been
Repl aced 0GFompdeBy The leShmeieﬂabaﬂBwngRbpttamiﬁlenltsl pbtained [in| this~ ||
It aftertreatment, such as caprolactam, linear caprolactam oligomer

and cyclic caprolactam oligomer, 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 regqulators
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 in the rest of the processing.'Oné Oor more
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20 i npact 'dﬁ?ﬁi/f% rubbers may be present in the cor@mhedtﬁﬁ@easkeplaced
additives in anobunts fromO to 40% by wei ght, preferabl %by
swei ght, based on the entire conposition. 5 It is possi b &W rmﬁ“
exanpl e, customary inpact nodifiers j ch are suitable yam des
and/ or polyarylene ethers. Rubbers which enhance the tou 853 of

pol yani des J¥RE a!“??rl%}’@ rPRB"”é%s“é’rﬁ g PFEseRy &t Hiffe§© é‘r?ngl &2t oneric
portion whiasiditdvessim aglonntst FEemi¢ itén 4P§nbﬁér°$ﬁltﬂ1’é'oPrP§%€aLT]WarfroTob
preferably td 898 bhareidA(, basedtdreytheoentine atodpemdtione functi onal group
which is capable of interaction with the polyam de. Suitable functional

groups inglyydgg fBBsé’i‘tgi@ 1.1% gacbopyti |é;; hd, CREtmary GmpashididRers
ShE et ot g SR

t oughness of t he bl ends incl ude for exarrpl e: 20 EP and EPDM rubbers :
grafted wi tRubbessavbich fanbencenthe grangbsess of tRilvarddgst geReTEdgehnge
i ncl ude fortwexespbatizl deatapbydriliy haveaennelastcneériecpettiomeihdch

gl yci dyl 3 a{ad @t g1884 &laxfslld.xbn fahgGhrat 8f 2éssThasa U!D()\Webi'eﬁaﬂaﬁmy
grafted gpt%thggggg C, " Bnd "ehdtPlcbnhih Mat SR B fa%%ég%nme §

copol ymars“%fl EJFe??Wé’ajt?e? rﬁﬂg . ?’ﬁgﬁp@i‘?&?ﬁ a}& 1dg0 3 5 xﬁ uge

especi al | y TUnRCtépR3l eFeOURSpIRGHRTR f%fxa}“gae eATRasy 1ds aciq btféP—?W‘%%i%ad
of pol yner sanhydmddee mnb@&yéscsgwﬁmnmrbmsylmmﬁem easbexylire imident i on.

A furt hers ginfimp, Ohyarostidlh epekids prnarerhane and eoxsdualllingr gfoudh. r ubber s.
These are graft rubbers which are produced in emnul sion. and which have at

east one halibedduR p&%%tansanéﬁé L 45flime8s NBE Cnd HiBhbbUE1dde Gust MBIl Iy

a pol ynmer havi g ss transition tenperature o east 25C, while a
soft consti ®fs a polymer having a glass transition tenperature of not
more than 40 OC. These products have a structure nade up of a core and at

| east on0 HReland ERRM stubbersr gratied) wikh theuabovs fupetsenal 94¥PUPRhi ch t he
nononer s arsaiddbed. gddftinef reageasts tinenudeafer gexwnpdlel maleie i anhydiriden

but adi ene, J.t%%'iﬁ@eac:?d K¥crgtiy! #88, A %&)ﬂiyl n&dRAaGyl ah@sgDfcidyloxanes and
optional Iy fusthe ? %mnomers 45 Sui tabl e sil oxane cores can be prepared
ng

for exanpl e start rom cyclic oligoneric octanethyltetrasil oxane or
tetravinyitetranet hyltetra5| | oxane, These can be, for

0050/ 50547 These, BARPWRF S\t e nsF %%fpﬂdoﬁPGBth%th&}%ﬁﬁon@%ﬂ%Wnla
ring- openi raplokiponi tn pdley preseree ¥, apseneeaof \a ifreensagieskindtigror
sul f oni ¢ aciut®h, asoctimsne thydrepétoxidenxane cores. The sil oxanes

The copolymers of a-olefins 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 .

A - tetravinyltetramethyltetrasiloxane. These can be, for example,”



can al so be 005048058 %kd by, for exanple, conducting the 5 polynerization
reaction in the presence of silanes having hydrolyzable groups such as

<hal ogen or al koxy groups such as tetraethoxysilane, nethyltrinethoxysilane
or phenyltrinethoxysilane Sui tabl e cggononers here include for exanple

styrene, r s having nore
thgn one po gngglééa%%ﬁg &ﬁ:%% E ﬁﬁeaigl%rdﬂgﬁi é&b} a%i s

di vi nyl benzé’ry'i ‘B%?%Erf%gdlcgl 18?%1& iﬁ?“@rbfa 1% ra A ef HarfiCaPEESSHE har d
const i t uent SfaFRLERMNG Acigs, gk i theneety redexaneneerss sTheefdlarenes
copol ynmer s tcharab$q beragbesildukerbiynoffer sexmipig acoptocting lthe

met hacr yl Gnipblyheér bawt ichS rertbidn kY kaer ytedencePol silates HLrinkel | graft
rubbers havgy éré taI @ralfs s @s ﬁH@&ieﬂ”braahﬁﬁg v C@FSup §3§Ucﬁs% sof t

R e grotratTof 6F Flnct ona

groups such %%h X 51a§an§n§

acid inmdeP gﬁ?ﬂ’ ° ¥pd an%'m H?ﬁr‘iﬁ&ﬂmm@ﬁﬁx eIy dnsdiudge for
ur et hane, upéampl%mﬁttame@e hé?Wlé]?o@% qr@Slsénekpm@f@? aylaftingf ect ed by
t he addi f1i0omonémexs thevlingf more i thaal onedpolymerdizabldudoulsld hendokyorraszat i on
of the |astasaeliyl phitinaakks, &élmwﬁaeﬁéz%tmeamsx Saianﬁlyﬂ%ef Qf exanpl e
Cort-butyl CIRet Tt (IA01ekhERac D MRe Rhrd gg% @E@r L

er

vi nyl oxagol |£ £R aﬁr(% g%ﬁe &-mngﬁ !}T%?%"%r{%%vaﬁé | mai ¥ §F 6% '5 I S
gener al |y WPFRISFHb 50N gam?rr%rheeng RErPEORIHF ider gRet %W&Fabﬂayﬁ% t hi n
t he rangd5f PeRRL MethacxrBiats- wei ght , based on the total weight of the
core-shell graft rubber. The weight ratio of soft to hard constituents is
‘general |y \Aiai»érf'en:xtetaecb@agghérprgrakwrﬁﬁb&sl,ha%efaeéélbé Yeote! BhA & hgaF@nge
from3:7 togReis of° SHSPdré%f% £905 €N %ﬂ@? t %%@%gsog% further Ele.

pol yam des h&EE sHEIQWN R% NS escrl g‘ ix 3 I
h e 5?‘8 ? e?lf?d"pﬂ EPFB T)ol yester
riithec st S R e et

cont ai ni ng FEME'C Wﬁ°§ﬁbﬁrﬂs§ergeﬂ’é%md Viydeory Y e cepaxyn 9xageiingi ene) _
et her gl ycohsethame,shoea, cledtam seghelvissnzydr gredpd rismbeaw poeferdbry wei ght
diols and elffestedxpyi Eh@CAdE LtiSHCHE PE0HIBLY BhRcKIivHM iRRY M6ndékAre
desgrl ?ed | du iy lthbeﬁéiﬁﬁé‘mzfa‘&&\c;ﬁx@fﬂéll% 1Bg USsﬁ Pp1. ¢ -gﬁeew”esgggg' ng
OAUCT Sq4gl

I[I%epl aced 28 ﬁﬂi_ﬁpﬁ??ﬁé C"Iqu.loﬁ\éfc? ?Mfﬂf% Fl‘J’Go 7’5%%3?“ lcnaﬁ'é d?as]ﬂ?ﬁel (r)
(Du Pont), m ?ﬂf(ﬂr 3) @P}?lc ac1d, tert-butyl

(meth)acry ate, acryllc 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 diols 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
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(Toyobo Co OBWE)OS.‘ﬁ will be appreciated that it is also possible to use
m Xt ures of different rubbers. As further additives there nay be
nmenti oned for exanple processing aids stabilizers and oxidation

retardants, agents against thermal gorrposi tion and decorrposi tion by
ultraviolet 10 [i | ubricati n and”~ denol nt ame_r et ardants,
dyes and ﬁ‘?ﬂﬁﬁn‘?g ¥ I®ds(tDiucP2 33 Aﬁ?é'tﬁﬂ'g)pdgﬂ‘?gﬁ ?'h%rpf JPrFEe &)general ly

up to 40% (@pﬁbb@eﬂﬂyldi}d e 15% by weight, based on the total weight of
the conposition. 15 Pignents and dyes are generally present in anmounts of

up to 4% ir fi el abd Vadpradk Qe &d tthat 3% i€SHED Pdspiblentd usel ailburdy

wei ght . %fphg %bggkgrl ng t hernopl astics are conmmonly known, see
20 for exanpl e ter and H Miller, Taschenbuch der
Kunststoffaddltlve Carl Hanser Verl ag, 1983, p es 494 to 0. The first
preferred @60 Eprohen;adiikives GthareBayi Bﬁe‘EF%“i"é’ Eﬂ‘f?’aﬁts such as

zi nc oxi de processing faide, boabildrers andPRCRERFEPY E—Pl}@} anﬁ%.hésen‘és

anti nony wﬁaghenaﬂdtﬁeﬁ:m deteisod itd onOhnd 2de ¢ dnpdsit ionsby adrtmenioiest al

pol yror HBF GEHEL 'fu@ﬂ%a%&ﬁba%& dgmolhh.héné.gléﬁﬂg oxildfie Féardinitks Gpesnis
preferred (of BPEn@iB o irls® p1 RL OB OrTLL:' aytganceﬂ@&%f ijgns of the

i nvention. “8Ffa men gvé use ng. to blagggn&on are
30 iron oxﬁ&é‘eﬁf"ﬁ X R:é'é’o cRP(ESh 28%3 rfanganese bl ack
(m xture ofth#ahgbﬁb%awh&xpéeth%|qqn@8ﬁ1‘él?~‘69<1 de and iron oxide), cobalt

bl ack and antinony black and also, particularly preferably, carbon bl ack,
whi ch | a5uPdghbitsisal igyebharé cjeniertallyuppesentoringasobhies lof Ipet& 48enzi ng,
Pi gmente f t%éréﬁ' By EroTol 5eto ﬁst%erhs%-/ 8&i a0 133R) 0.9 tJHH,) byl t Will be

appreci ate ﬁ% | norgani ¢ col or pignments such as chrom um oxi de green or
organic cols79 prgnents such as .azo pignents and pht hal ocyani nes can be
used according to the 40 invention to obtain certain hues.. Such Elgnents

are generafMhg PigmeRtifer gokomind Hhermpplastiqs arreFORBORYY KA0HRY a%8° t o
use t he 2obdoeneranpie®.pGiabhes angt HdyNiller a Taschgrbuch glerexanpl e carbon
bl ack wit hmﬁaﬁetoflﬁadmﬂ:li&e;)ccyﬁni MmaRsesi Veelddy S988nepagesy 49dcitbi 520es t he
di spersi 0” hef £EP4 @rpx‘e& ekrBgqt Rifaph! enﬂ-§“t90 PeepbntibsndieareRpRLESEd |
L R W 080 A e i seiicaris a0 Dot
stabilizer g ast ({; mRos| t ons Lf

i nventi on HGP@I(?&"P&PZ)E 8 ET |"’Hé “@fn m‘g g aol} 11Inno lqﬁwe Peb?odl c
tabl e, @%the §¥QiNRHthSOrRER, C@Eﬁ‘ﬁ’slspﬁm%?lb%s(r“fthl FRataE

opti onal | y tiilkanium dioxide, the rutile form is preferred for use as whlte
pigment for the molding comp051tlons of the invention.

Black pigments which can be used according to the invention are
30 iron oxide black (Fe304), spinel black (Cu(Cr,Fe)z04), 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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5 conj unct iggsoysossppper (1) halides, for exanple chlorides, bromdes or
| odi des. The hal ides, especially of copper, may al so. contain

cel ectron-rich p-1igands. Exanples of such copper conplexes. are copper
hal i de conpl exes with triphenyi phosphijwe, for exanpl e It is further
possible to use zlncflu0|de an I nc 10 ch] orj de. ossibiljities are
sterical |y HF%#&Ae8 apts gy éb‘?.ﬁ"ﬁénég'a{%{]’o%ﬁst e L g ééer"i‘tdgﬁlves of
this group,te @@oﬁﬁﬂ?@%&%ﬁﬁiﬁ EOHﬂ?ﬁﬂésmnéproWéﬁF I%P"l%ltéeﬁj ﬁ?ﬁ:]t‘}% REL h
phosphor us-eampdenhatides dsf metatslef gricupedf of drhe pextiodés tAbleheseg-,
conpounds, gudifudr BBl ydesd), porassean tdilidesyf 1iPhiun Helliyes | Sopriagai lybased

- on the wes Yn RhckREn M dn Q%Ppgﬁl |I?§11@Esuvf§f aél%:irdpz.l.%r ShBbLidey,| ous

substitute r I | en a S
whi ch are CL]_I ?nsﬁ %I i de dse% iﬁ‘iﬂe d é%&é&ﬁ%f%f QQ?B&;O S’grgl ggtl ng -
and denol dl‘%ﬁltéd&nﬁ ecWFﬁ’b‘l‘Fl& epg 1%‘?"%9% "y ?‘ﬁ’@?lﬁf’e ﬁuc hEORRfET nopl asti ¢
conposi t i orcqmplereanase goppert balidecommlghes wikhe tariphenglphesphigeear vl

al cohol , alfod exbmplat ekt adisd fukthék yorsdblantdassaarxingl $btueside andf zinc

pent aer ymréﬁwnmet hotert Pt@sebailMticd tatedstdpicdlly hinlsfed@qitfndlle,t 0 Use

salts of . Zi G I r d al so di al kyl
ket ones, for ex rrg%ﬂ%s stbet tgée&l fHBx{%‘AEhQLtE%én‘% qf?]tﬂgfl Oﬁél:%blﬂ’ther Y

provi des a p(ﬁ ear?matalrcaé‘fne %s’ %13H?1§¥ eqngpg 61-1G "f)JFtocesses 35
40 This SWPWFP’FT‘F?’P%-‘FFWI G‘Flﬁls .angp581 59 s8eyeoty) F‘Ni ‘%%’thrles” of| 1111~
Il 1"l C Lthesgecerpownds], predepablesin ocopeenknatignaofony e dé by :
reacti nglatwelimm, basedemithet weightarat ahel misturene dianmine with water at a
tenperature from90 to 400C and a pressure from0.1 to 50*106 Pa in a

g?gﬁ: n:aa;[ Inq% iau.tasl 8’@5’(5v Jstjabf:LQ?izg\@é E'a{ret 3arrmgu§ qugsg?%ggﬁécfé%ﬁ{lg%??gnd
§ §PEL1 beliackritmoted dd BER=gRlichohas, F

group consi satl %ﬁh oXi%e, oxides of
the second 69eLRkLY P5ethdin F‘B‘ﬁu@F%Lﬂf P tRe2BRY Sightabl e, oxi des of the
| ant hani#Rs and actini des, sheet-silicates and zeolites. 15 2. The process
of cl ai m 1,Lublréceting ramd:abmbydingjse;:hmts sehbeti ecte geosrabby ginmdjpded in
consi sting whe RebemaEQldti®, colpSsittidn Gat gmawsk s st AP He Qiy %1931;, The
process of &Jeab%&r&f a%ld"mE'ESéPyi hﬁc%% 'yéik%is%iea:%a@es 2fhd 1 tani um
di-oxi de ad\ﬁa Hi%‘fs? Aranides hid rlglsor Oergters of pentae).é'ythrltol with
25 long-chain fatty acids. It is also possible to use salts of
calcium, of zinc or of aluminum of stearic acid and also dialkyl
ketones, for example distearyl ketone.

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

35
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wei ght of anat ase and fLO_FDO/_LQ_SD_/o_by_JAeight of rutile,in which catalyst
up to 40% % f titani um di olmmj repl aced by tungsten oxide.

*25 4. The process o% any (ﬂ‘“ ﬂ\l vvherel n up to 40%by weight of
the titani umoxide in the repl aced by tungsten oxide. 5.

A continuous process as cl ai rred In any of clains 1 to 4. 30 6. A batch
process as claimed in any of claims 1 to 4. 7. A continuous process for
preparing Fep6L3dMite by reacting at |east one dinitrile and at |east one
diamine with water, 35 which conprises: (1) reacting at |east one dinitrile
and at | eadt omhedpami:étes fuirt braparingta poleanedaiby achteindat Ae48@C and a
pressure grom @né b9nder21el@adPaci Tedst AW HYUBRIAD WIAN FhPéP i oBronst ed

act d catalyst SEhpgiefuld FPeh oDSLS ERPL! b CR\Blebaliro 2endp Rl 1tk cal e

catal yst or a |um di'oxi d conmprisin
wei ght of anat a?i)e nd? idfomeien gty oEi gh { 3t g“a"fﬂjtq %?1 up to

40% by wei ght &t fetal ofidimisrsle d@dﬁls‘lﬁﬂynﬂelli é&ea@EGS%‘}CQ lﬂfg@t en oxi de
to obtain a rehetevogemeoutsucetalysts ﬂiwtteﬂafr@eethd?wbapecbnsﬂsltlmlgl 0£11110
LT 1111d i a QabRiheRIOxide,! thhl dxidd,~lsillicohlokidd, oklidés lof the 2 (2)
further reactigacbhe f@aé:ﬂ}dt(ﬂnt%fféﬂi%r@ rBubCoP el e%méi@@éb'i% to 400C

and a pressure yoich o# havab Lhan Jdie . B gssliendn sfhegge%lim U grgsence

or absence of a rons yst Sel €C rfoma

catal yst, a shé&&P: %F‘F?tat e cat al yst or titanium dioxide catalyst
conprising from70 to 100% by wei ght of anatase and fromO to 30% by

wei ght @5 R2ut i Tbeapdocessvoifchlajpmtly, whedehn tke gldtadfystheséd tianisededtedi de
may be repl acedrby the o) coxs il BERSL Mdl it edNIheseSHiWiRkakei 8 10
sel ected so asiliPapblmidickikikl St 9as phase and a first liquid or a first
solid phase or a m xture of first solid and first liquid phases, and so

that the first B]E(?ase I s separated fromthe first ligquid or the first
solid phade oF G9RS AExELRER oF o 2t VReERHY thed cpFpriyStsfised igsa

phases, 28nd (3}15%4% if-opsidef aduantiaogondlyr comer isingt fxomi P eadO0drby he
mxture of firweightl amataberand siromd 0phas:és iyt wedghgasamside, | ingui d
phase conpri si fhivRtEitallysd (s A by aelém@rafli(ittaﬁ&z(}iioaﬁaeamaf%éure
from0.1 to 30rép]1e9@éd3%y tungsten oxide.

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. A continuous process as claimed in any of claims 1 to 4.
6. A batch process as claimed in any of claimé 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,
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o obtain & product mixture. 8 A cont LP???’Fep;ﬁﬁﬂﬂlﬂﬂﬂ llmmulmmn e with

swat er, 25 which conprises: (1) reacting at |east one dinrtrl e arfd at | east
one d| amine wth water at a terrperatu e from90 to 400C and a pressure

fromO0.1 to 35 10 in_a flowt e30 contalnn Bro

catal yst sel ectéd ’f‘b’?ﬁ%sr 5%?%tmeqoltl %‘r SURY u]g%ee {{I%gg e ca aI yst
or a titaniumdi oxfrlﬂ’@‘ ééPaF?s"tOQ:SnﬁP?s? rﬁ*ﬁ&ﬁ??@hi‘w 1’(?0‘%°H?r Ry

anat ase and from O RResBOYebin vbage lofinr the |Rresghge| ﬂrvﬁhiﬂﬂ%polfoaM% by
wei ght of the titarBzémstedxacii Iatmlyshesetededroy 4 urstst-eeoditee to
obtain a geaction dJddvaliyee, é%hééﬁishqaca@@cctaﬁag Eﬁeofe@ﬁarﬁlﬁmﬁﬁibﬂi@ at a

tenperature from ]c5aQ: tl?ﬁéogg'g’ nJ @Eglgs-% Qo\/\/ﬁpgg i%f wa._ To?aéné&?s

e or enc rgtf-}%a?légt e % lgé’:lt ﬁyst

pressure in stage
sel ected froma betaé"géaf’f“t 'zgt
titani um di oxi de c%%aWsWeé%%ﬂ%l F%WW tddr°§6 S, PRY RS grPlafed bt ase

and from O to 30% Byungsitght oxide utthectemperatuxei ehdupressur®e Heindy wei ght
of the tigani um di wdidetsdysbead apl abedihya firagsyas phagie.andhe fenperature
and pressure being i 1@05§da SEi ¥t %QlQBt afhé‘ofr' Bshlﬁé&é’f&ﬁsﬁlﬁgé golfild St

T T EIE T P e e e ﬁd”“xﬁ‘l’ |rslthg}-30?§ 13 ghd Blddd |
of first solid andl%.ﬁgerm% fomahaéss Lty WGUEALT (TS fneE §abifhase

is separated from toh@sei Pt E¥omy the Bixthee fqf Firss| ?-Hq“%a"é’é‘ 6P-r$1ao$ﬁ]twe
m xture B3 first |iphasesanandirst solid 5 phases, and (3) adm xing the
first liquid or the first solid phase or the mxture of first liquid and

emperature 50 170 é“fi%lﬁo ﬂ*’g%q%%t"glgg%& 'ﬁﬁmazggﬁﬁlﬁéhﬁﬁr e
b0 P u 1 Jl i

a flow tube containin %Wéf’go‘f'aﬁelf i A SABeTREYE

beta-zeol i te cat al P& % 35 J~qé’i’1 bf"ﬁe
cat al yst2@onpri si ngfrpmo#n‘iomt%iofso%%yamegﬁﬂreffmtoaéetanaofxolﬁGOP@o 30%
by 15 wei ght of ruttid ebsaiinia pradultupixoatdd by wei ght of the titanium
di oxi de may be replaced by tungsten oxide to obtain a product m xture. 9.

A process g, CliiceReihibld Prdcéssl £6r PreigalehgCoPYIynidet B§ reacting at
least one dinitrile and at least one diamine with water,
25 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

30 containing a Brodnsted 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
Brénsted 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 =~ = -
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20 foll owi ng stage: (4) postcondensing the product m rature
from 20.0 OO5¥FGOSAVY a pressure which is | ower th%ﬂ”'&ﬂ'lglﬂﬁ NXEEEB
*stage 3, the tenperature and. pressure being 25 selec in a
second, water- and ammoni a-contai ni ng gas phase and a second liquid or

second sol id phase quag:d1ad Wl 0L, SeLOng /ghaga; 8- a0ch; 356ande splidl phases.
o cach pe ude hg P syar?éaﬁf Rk o B, SheotLFst ey nesne

a pol yani de by reacf
with water, which éénﬁ?P%’@ed( fromckhe i figsht Liguid dn&bg Airst (s0lddd at
| east one di am ne Pbasetdr Waoer the mittameepdt Giest rldmuid and4000GE aodid
pressure Brom 0.1 tphdbex, il Pa in a flow tube containing a Bronsted acid

catal yst selected froma beta-zeolite catalyst, a sheet-silicate catalyst

[ [ ' | f 70 100% 40 f
T o e
wei ght of the ti tan}“&ﬁ?‘ﬂﬁ%gfdélr v J'rdeﬁll"gc H#BY %%%&s?gﬁs%%"ﬂé'-ht @ obtain

a reaction m xturegagasoypor Jignid phass cegprhsine astesnati xtiampegature
t enperat 3@e from 150omol0RDC3IA0RE anpl @spresswie dromsol bwes Ithan 10hepa

pressure in stage 11hnatflﬁ>vp|‘tﬁ§6n§&1&[1 BCBr&istdl Re3aSbsed14das Been

Repl aced 111111 |4| Haiécfléd 'fg(l#n' |Bdda U314 8054 ﬂt‘ gy é{l)é%é 'éuYFLlLeV' H
catalyst, a sheet- SI &4t 3I th?“b’r dtlg f‘ﬁ 33 cQ from
conprising from70 { d‘% 5y @“ﬂh‘bpfaﬁéf‘“é%%e ad}ﬁ’dfFPBrrp 0"—‘! 03odwby

wei ght ofSrutile anﬁeir@mfcﬁutlph @Argl 40%ybjcheig o ¢0%t hy weighti om thexi de
may be repl aced by.titamigst dhorkdelanayt be reppated Wbye tandsPesiilde kei ng

sel ected so as to obbedih & brb8icasiRhasee and a first liquid or a first
solid phase or a m xture of flrst solid and flrst | i qui d phases, and so

that the figst e_10. gparat dfr UId of the first
solid p §s§e orﬁfﬁrocgﬁgt% ea?n?( fmf F;Eg‘} g %Hr%?‘?rst TRFiging fthess,
and (4) g st contRIFa%ig9: RE a?‘?'rst liquid or the first solid phase 15 phase
or the mxture of.first liquid and first solid phases at a tenperature
from 200 to 350@armEbstcondessing the plrodact ambttureantt Herraatael Pr&h age
3, the tenperature2@EndodBesstfhdai PPeSShRS WAE chOidS1dwerORhahNtRe

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 liquid or

second solid phase or a mixture of second liquid and

second solid phases, which each include the polyamide.

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

(1) 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 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 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
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second, water- and ammoni a- cont ai ni ng gas phase and UI d or
second sol i 00B0%®537 a m xture of second |iquid Eﬁ Hm I phases,
«whi ch each include(s) the polyamde. 11. A proces ny of

claims 7 to 10, wherein the 25 terrperagure and pressure in stage 1 or in

age 3 or in both _sta dsoa t.ai n
isltqgl d or a solid PhR22] qtl %%flgg@%ﬁ ﬁ?ﬁg ™ 61 Pa 'hﬁ%‘g]ts)ltzfnd o)
that a gaseous phasgat%t%‘i'hé‘ @Hg%n%ﬂdﬁ%%é ratakyst &FeBlB?‘PlurBGhPZudﬁ |
process as clai med Fatalgstofcoppaiatng frem 70 vhekMit byhweightionf emashset age
1is carried out usang fromloaror a0% by wahight: df txutli130ahar ik hehisshmupotal of
dinitrilesand di am pestsy WAk oB85cHe3 tikaRiGf C$o83eChal"Bd +dp1adedOby
claim 7.to 12, whegg »E Jeidh o%i80° thd hfen%asgg e Und Lol gufgat% a4 Ch

i

t 1 kg
e i i or B ° S 58 g8 R MpdgiaT d L & 00l Ol el lebet 1 KO,

solid phases. 40 14liguigd &¥e§sfa§s*élﬁf?1r%€dphﬁ5%r8ﬁ@f MaRENES Cfftfd-r.ﬁg sahid ei n
at |east one of thangakinstaddquidtphases,i andheo ridspetheveéisdtages phase
recycl edionto at | egstsepuratedt BromrarediiRgt S1ogas o5thbi si:SC@lo1kias Been

Replaced 111111 114hddd od lekbh! tid 'nh:!tu&elé':élﬂérs]éﬂ &1?}141?4 £k 1sbi11§'1 !
0050/50537 ¢ L MS 5. JAb. JAqProcess as clainmed in an ai

wherein the dinitrife us€d s an al pha, onega- al kyl enedinitrile haV| ng an
al kyl ene moiety (-CH2-) of from3 is 11 carbon atonms or an alkylaryl
dinitrile of frbM 7Pe%-condenphns theoflrss 1squid wrothssfinst|saliddphasany
of claimi51 to 15, pkaseeior the miktine ofefiset Jisuidi podi firdte.solid A
process as clai med phassy aef actemperature #fom VIR @oN3bber akd @i %E}e@%;’s@ed
}S anBaLphillorregg adllkiétﬁ&%dlagéf‘ﬁ:ﬁﬁwtﬂg ? Iﬁlﬂ%hﬁnsggéeigyt 2 Zﬂ g‘;n
rom o carbo
atons. 18. A procesr,lts gs Iteh'3 %nd%l sa;‘% c?larllqrssei‘efgeifo vﬁf‘e ﬁﬁéﬂ 35
di ani ne ysed is hex& | WAEST arft nia-eAmadadngs9as aﬁl'ﬁ’ét? Pﬁdaﬁy of
claims 1200 18, wheFRSaR RéTUi®| % \FergDdi @ 1ad phasgsey: a mixture of

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 obtain a liquid or
a solid phase or a mixture of liquid and solid phases and so
that a gaseous phase, and the gaseous phase is 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
1:1 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.
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20 from50 to 99.99% by wei ght of total d| nitrile aQﬂIﬂ'“MImUMJI m 0. 01
to 50% by \wosOitse¥3At | east one dicarboxylic acid group
sconsisting of aliphatic 25 C4-Cl0 a, wdi carboxylic acids, 8mafi c* Cc8- C12
di carboxylic acids and C5-C8 cycl oal kanedi carboxylic aci ds fromO to

| ess than 30 50% by wei ght of .an _am no |tr|Ie and al so fro 0 to.50% by
‘wei ght of a%- & Rresess 2% fladmed; i Aoort chaieyrt &hd ’T%e 5’%? fromoO

to 10% by wei gitindtrile|esed ignani ﬁh@lwmn@gacaaky@@rméar% ¢ Aavd®g, akhe

i ndi vi dual wei giikypene emdiegys (addp+)g afp firom1902é 120 cagben oztewws &% shai ned

in any of clai r‘éﬁlkirlheyi%lml%nof heronl@ dboalk nearioriaedmsn the formof a
soI ut | on 5' n water. 21. A polyam de pre parable by a process as clained in
c

(I | | | | 1] q.l FIISIAl pg':gcggs 6.485 C-E.hall%le§hle.§tanl’ifa O% B?alms ePl %Cq.g Jﬂﬂlélj.'ellnl ltlhl Ay

dinitrile used is adiponitrile.

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 S C4-Cy9 @,w-dicarboxylic acids,
aromatic Cg-Ci; dicarboxylic
acids and C5-Cg
cycloalkanedicarboxylic acids,

from 0 to less than o
30 50% by weight of an aminonitrile and also from
0 to 50% by weight of an
o,w-C5=Ciz-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.

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

claims 1 to 20. \“““~—--~_“\“‘~
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