; e3ewWW bwT§6s5d/61666 bTt bn} 20050/ 51955 Polyanmide 5 The present invention
relates to a process for preparing polyam des, which conprises polynerizing
starting nononmers in the presence of from2.3 to 10 mol , mmwmmwmmm)l of
car booxam de group of the polyam de, of a chain regul ator

nitrile 10 group and a functional group capable of form ng a casdpgxam de
group. The present invention further relates to a pol yam de obt ai nabl e,
especi al | yPoltamligled, by this process, to pol yani de contai ni M“\ “
chem cally bonded to the polymer chain via a carboxam de grammwm

anount in poecHigrdenf rom 2.3 to 10 mmol, based on 1 mol of carboxgu.ce
groups of the pol yam de a conpound cont ai ni ng a nitrile group and a
functional rOlrer of formlng a car boxam de rouE and to f| | anent
fiber, sheqe‘ loélrrpF |ensg, K Segir?c%%?l g?@ﬂ such
pol yani de. PPbY swg?“éh |°r?6\9§€-??%lH"ifliﬁ“}?ﬁélzf-%ts‘i%é?rlﬁﬁp!“‘é%‘?‘i‘%spdpy

whi ch are prssenver ptfyfmlm(%s?séé 16 mivel ,mblesed on at enolf of exsdmHamiby

ext rusi on groupjoecthenpobfaiinig, obt® dhdianesgulitdeiconsheringdra 23+ppigi ng.
To be pREP§EYp RIMACESBLI € dra 1t BEoiP! dRAbIkab e, £ nROh VAR  bd)amibi@ POSSESS
hi gh nel t ]t_, lity. Changes in“the polymer due to thermal stress in the
nolten sta r'e custonmarily determi ned 30 accor di ng to the standard DIN EN
| SO 1133 as a viscosity change of the nmelt. Such viscosity changes of the
nelt may bBhe RASEEOFEYEDYRAL IS §u6Fh?)‘bI%ﬂ%@lteae§<P R PCLyambie Htsdngble,

post condensspeail lynoktaingdn pyt hbis iprmrests, £¢ mrlyahilien conkasingaty,

obt ai nahbechémibaldysbohdgplyoTehe soDHled RAASASEid iR atBSk&bARC Grbap] her mal
stresses beh oy theuiel ih ntEheOQ"amge RS 2.3 eYsi@MRId1, Y baBES WiEd Wbl Lhe

not ched i I def he, si ndard DN EN

| SO 179. Zg&%ﬁ xsa[tmrlg {; @3 %f gﬁ d{gm'%t%h Fge&%pgmtnIa &9 gt aiw I 8osi ty
change and™if e\MglrﬂuPeﬁ%l i Fgl i‘ﬂ’é?'rréiroé‘f’r eg 6\fv tfﬂ’ém’rﬁaq 8 ng poi nt of
product s pFeRRFENMALOHT QRN 456 FanfHleamenity fibeystshestyor dnakfinghai n

r egul at 8PscorfiprisexgnpbeepiHiwadAyccoms it ingf of ¢ srchdpoilpgmidee. pol yneri zati on
fromthe starting nononers, and a further 45 inprovenent in this

st abi | | zat boTy drfi (d@ShE@bl Riys 2080 %%&t%nu tﬁér@blggwetﬁ,&fyﬂe&l% present

mpact tougfrdt b Eapenkaty Bethdkh PR %f%'r%c%éég} o pggﬂe?ﬂgriﬁﬁﬂ

pol yami des Y SXRF U408 ?Bu’rfﬂ’etcﬁéf’n i éBF% Temedfy ebtke

pol yarni @8smekdinged at the outset, processes for producing such pol yam des
and filanent, fiber, sheet and mol di ngs contai ni ng such pol yam de,

especi al | yTsmigﬁfoipaglpfpmmsabpel yrarihde molOelPad i, deRe ap Sl yiRirehAst 0 be
under st 00d; 35 iid HOFRRM WHTBEED1 £ORP) wmagesbi@m 8odyAealds @b

synt hetic h I e C I gl gm r ‘N he
pol yrer LR%CL %theQQn}_/,gTSHS}% Pmﬁgcon t% %{;é-é ?12 8&?&0@ EioI yam des
Bre’ nyl OR- 8°9SF g8 § apthiSHerty SR g oS et ROt e SURBER de)
nyl on4, 6 (96l themediet W‘bﬁ’é&&i"ﬁaﬁ?o@)an‘?ﬁ?l BA-Bhe frelt may be indicative

( pol yhexaneohwrelnlesébagmm)degnyﬁmoﬁw bpol pesamh@osttandensation~ 11

(pol yundecanol actanm), nylon-12 (pol ydodecanol actam). As well as pol yam des

known by thg genglics, Nene ©fiamkhen, £ QY a% dgsaddirdnaek QQtABPeJHi@efI:&@

d t h d
ar ar Sfagaéﬁ’gi’?élgﬁx?\gk aglll g;gpoﬁgglg alﬁ Okgsgﬂfr}&ng@glﬁg@ﬁiﬂo E:lesé‘én €
(KEVLAR~ fPf)%‘?w the Re t%‘ﬂ g M2pr F?l aenbg pr epar ed
by two met hetehed imgagh Weeﬂgzat Pé’ﬁe# rft% aping bw)ﬂeifénaé. N tém di ani nes

and al so i atanqroidy ®EN| BRt IS 1f79em am no acids or their derivatives, such as
am nocarbonitriles, am nocarboxam des, am nocarboxyl ate esters 30 or

ami nocangoxy! &t f:9akbStnd %lajmn@eemrp%taawl &N M@ QUPSsELAGY Whmgéme
anot her 't o fc?[%ﬂs%“wﬁ% Feéla;rodﬂ&oa”du\o@émea slﬁss%e fowc%g Sx%c'thg&?eB{tht be

renoved from ation €_am no
and ami de 8ﬁdpﬁcfdd’t‘fﬁs°’ 8?°‘[“Fféedstf§ﬂ“| %g}}nﬂ?&ﬁ@?‘é i rltsl ‘QSto‘T“?agranﬁPsaq%act
wi th one 3shaitaesitledoFer o%dn eaaREe GITOPACRRE AtonPEIoTe O M¥SANE can
subsequent tie g Iymewi edt {srorfiriohe t pel st inghnengadnsnerndas i rrvheacti on i s
cust omamgs! Ymkreidhead® @nPoh)E FraBNatatibn Aspaéyimisieati on fromlactams as
starting nononers or starting 40 oligoners is customarily known as a

pol yaddition. Starting nononers may be conpounds sel ected fromthe group
consi sting of |actans, omega-am nocarboxylic acids,

onega- am nocar boxam des, onega-am nocar boxyl ate salts, 45

onmega- am nocar boxyl ate esters, equinolar m xtures of diam nes and



005015I 955¢p@8sdirsapkgxyl i c acids, dicarboxylic acid/diamne salts or

m xtures thereof. Useful nononers include 5 nononers or oligoners of a CZ
to CZp, preferably CZ to C18, arylaliphatic or, preferably, aliphatic

| act am such as enant hol actam undecangl act am dodecanol act am or

eapr ol acta ap(!jgaroi)l cul ar_caprol actam, 10 nmpnoners or ol |8orrers of Cz to
CZO, pref e geek ot aﬁhenBEﬁ?%’Eﬁ(y’qu@n&&Pﬂst%lR:rﬁ’V&QeG A A€ R anoi ¢
acid or 11bamrra)méeaﬁ6|I&eletc|5&abahutzd|qrréir dmpreyerbrigipacst rap@imesspent aner s
or hexaner sftéerteaft, tacgtmaitt anttheisofa Juolkkeas &bkgldodibingtadcksalts, for
exanpl e |ipb1ydnigeedi um or potassium salts, nononers or oligoners of C2 to
CZO aming acid am des such as 6- am nohexanam de or 11-am noundecanam de,
and di ners. tri rrer te I tamers or hexane re of 20 esters,
pr ef er abl y ehes Ehatg‘racs esguc I SErhy F‘C %ﬁ% g MASP ooyl |
n-butyl, B %Ffd d‘tt %hﬁu‘?%seést BFgce%?e%ZOFoPEE‘%YCW‘JeFéF bPY mlltdsscw

am nocar boﬁ&rqilﬁ:lle?@lem}, £iker asheehnindoidaope eeithieadngrsycli or exanpl e
met hyl 6- apbhpdreddenoatpec 28 lgr chhs ast iroyirndecaapi £ mdiydmé8éers, for exanpl e
met hyl 1%- am noundecanoate, nononers or oligonmers of a C to CZO,
preferably, 2 ALNEe S} y or,
preferably gébfrﬁg)%gngrﬁ Illﬁé/ & gﬁ‘lﬁ vm(ft 3%80%25 ad%% k&({g elr}g

D i phaRPe ey bBILRTE AR e REtn B SYBBHRFLC A -choge BRISANSIES aci d
or adi pi c BRYHRI TSCHAEIAY ABide OFPWRRS sin (tber RARYREr JBANARRED &S RBxamer s

t hereof , neseenyinlocopbtporants EkamplEs tof €ECh polsfamvidbbyai® rydoghs,

al kyl di asi polytaprodact &ty amstlbyil-6 pedi moliyhexanet oy leineaabpymide), nylon-
hexanet hyl @n@da@my&@uéﬂeﬂuﬁmn@a@e 5Ridedo, n?ﬁ.@rfx-eff altd xp@ Ok dmedhy@ERERL I C
di car boxyl | c}({"tf vgg g,E dlafcggm such as
naphthalene% 1 % Clr?é‘ré $]n‘§f éf halcéﬁed or

t er epht hal PRIg E}rﬁ) agg % (PP hysedecage %?rearnb) &nt&nmer®® or hexaners
thereof, POYEUNSIEGsENawR o Rbes IBREBIS GeMmer 8f RYPna2 PPéY@%ﬂesprféFéh%l y CZ
to Cl2, 2 kot Hiderithe, asamidsad aremphhetinllyamadesai rrmcdr aspr ef er abl vy,

hexaret hy| pobghnstan@heby Veridi sopbyha Darfidiz (ROREX? athilberCous an-(GL287,324)

aryl al i phap Cpdhi L paRaXyhé by 1@Glcd e PEpRELd Il b¥ e SrEVIRIREOE ind ) example
chlori des, ;such, 3510542 Or p- phenyl enedi aceti c acid, and dinmers, trimers,
tetramers, pentamers or’ hexanmers thereof, 10 nononers or ollgorrers of a Co6
to Co, preferabl C6 to, Co. aromatic d| am ne, such as m or

p- pheny 28nBei ¥aRifes GRRhiR REANCEPES Pe RTeParas| BY /o ethads 4| i phat i c

di carboxylic acid 15 such as sebacic aci d, dodecanedioic acid or adipic
acid, and gdhnergolymeriieasion etroanmdicarpailabeasidy dneX ai®hsndsh@naohlso
nonomner s Oinoilpgﬁ%Ee%lQitfoxC@frba Qggmo RIalsar 8bl ¥hdi& H@rﬂz@tw’é}, ,ALQ8RtI C

di h C8
A eS e i r% ‘p{h DR anthll, aa"ffﬁﬁ&gr 14 efgggféy
chiori qdd o gmﬁ%aﬁ ﬁ%ﬁ s a%*ecaﬁ%? pp

Y r%‘?%r%ﬁﬂ;g
i sopht hal i Eeag% digh EBGt%‘?%‘ﬂ}ﬁrhéPl EomRiaR a&hﬂed‘iﬂfﬁéﬁ‘s and, ya%e%: THEt r aners,
pent aner s watém)canessbseauerufly benvemevedfroni gegmod yopra 16 & o C20,

pr ef er abl yp&byher iGak o 0f oo natrboxambdesle theuahias amd amide end groups

p- phenyl engéi @48 Rarting monomers or starting oligomers react with one
35 another to form an amide group and ammonia. The ammonia can
subsequently be removed from the polymer. This polymerization
reaction is customarily known as a polycondensation.

A polymerization from lactams as starting monomers or starting
40 oligomers is customarily known as a polyaddition.

Starting monomers may be compounds selected from the group
consisting of lactams, omega-aminocarboxylic acids,
omega-aminocarboxamides, omega-aminocarboxylate salts,

45 omega-aminocarboxylate esters, equimolar mixtures of diamines and



with a C9 ppsp2e19g6eferably CO9 to C18, arylaliphatic dicarboxylic acid or

derivatives thereof, for exanple chlorides, such as o-, m or

p- phenyl enedi acetic acid, 35 and dinmers, trimers, tetramers, pentamers or

hexanmers thereof, nononers or oligoneps of a C~- to C2o, preferably C8 to

C18, aryl allphatlc di ami pe, such as m", or p-xylylenediamne, 40 with a C2

to C20, prEierEinxyles peidsy AIERFBRYY e (ﬁ%&/ﬁbi’%’?% saditd SECMHYre8baci c

aci d, dodethersitfoi ¢ acid or adi pic acid, and diners, triners, tetraners,

pent aners or hexaners thereof, 45 0050/5I 955 5 nononers or oligoners of a

C- to C2o, Ugéﬁf]erna,b,by\egg ir1dae, aryl aliphatic diamne, such as m or

p-xyl yl egedi am ne vm'th a C6 to CZp, preferably C6 to Clo, aromatic

di carboxylic_aci or der&vatl\fes %Oeéo: for ex | e chI ori des, such as

napht hal en@oﬁor%ercf 5’5r BRI 52 é’r aby PEPESPRAPMAIG2: PR 7 or

t er epht hal PEY%\‘H’@ a%d8 of nese eFPbHérsa inberafetaCtage SUSHeRS or hexaners

t her eof , 1enamtioni@csan; whidepanodgcbém g dodecenCRactaw ofrerabtylagtame ©Cha.

aryl al i phapact thAmirneapsoldctas,m or p-xylyl enediam ne, with a C to C2o,

pref er atiby 09 to 018 aryl aliphatic dicarboxylic 15 aci d or derivatives

t her eof ST}L?&ﬁe‘iessbeHCmoa% z'%fe%b!? ny! gnedl acetic acid,
28 B et s 3t

and di rrers Itirl rrers eréb¥’, 20 and

ft
homopol ymePRINRUHRCFKEFS, acfﬁc{ﬁ GPEE %%gggd’r"‘&lnf’ BexanQii RS4faP¥ i ng nononers or
starting oligeioundPgRReEG|asridpr aRe r&Hkes si s tHLORSE + GetRaBerSt arti ng
nonomer s opeotangporsers aekxateunsn thergotr iarak isehts edbrteo ft hechdsy atkdes$
nyl on- 6,152hetyl Gx16s6, foN | ctampl16, 1Hyhinie,6 sbAiufydObotasByh®salksQr nyl on- 12
or the aram ds pol y-neta- phenyl enei sopht hal am de or

pol y- par a- E&Xéz@‘%&%? 08y JBPREC Alinb BA1 VLA Al AYIOn 06, such

as caprolag | ene are

obt ai nabl e bZ: aﬂamh %yOCT"I R@f%‘h‘én Ctaﬁam;‘?ﬁ'b)&ﬂdaﬁﬂ‘ﬂ%r?o tf‘df“t’?]‘:?he
cor r espondFRAET YH§4fe Qﬁﬂt%l“eﬁ?o%ql}éﬁ%mgécmﬁﬁofearrangenent or fromthe
corresp@@di ng ami nonitriles by hydrolytic cyclization before or during the

pol yner i zatsodrs 3prespeshryt Iof-th d1Rg1pessence sabhcas ahatslys, &tEYL AS
titanium dh%f&g?yl | B -Br&yY eH-bARGL , TRIHRYL IPes-EHL&fi}iCEb{?é‘ré)f of C; to
omega- ani ng carg) % —T&’ 'ﬁd oOéTEga &:%‘i—%o

ate.salts

Sy SPED K
oreoa an ngyalaﬂrrbo%acﬁa%abﬁl%ﬁ 8%3@%’2‘91‘%"8%?%;‘?% ° eéaaﬁweﬁbe%%oﬁer e

per se.
ani noni 28i PEsl bemineupfeernqicg ache PRtsffer |f95t$¥ﬁ1“P1'Phé‘eBPXébar ation of

di car boxyl iLt-awirgindeckmoatre per se. They are 45 obtai nable for exanple from
the corresponding dinitriles before or during the pol ynerization.

0050/ 51 955mBnéheérl 138S o MBYorkaPgPAr € to g, CPreentipnplc,meyney,, as by
hydrOgenat59@&fﬁ1§ﬂ1§e90££8§QQFQEQQa {H§l he8%amine or, preferably,

30 hexamethylenediamine,

with a C; to Cyq9, preferably C; to Ci4, aliphatic dicarboxylic acid
such as sebacic acid, dodecanedioic acid or adipic acid,

35 and dimers, trimers, tetramers, pentamers or hexamers thereof,

monomers or oligomers of a C; to Cyp, preferably C, to Cij,
alkyldiamine, such as tetramethylenediamine or, preferably,
hexamethylenediamine,

40
with a Cg to Cyy, preferably Cg to C;;, aromatic dicarboxylic acid
or derivatives thereof, for example chlorides, such as
naphthalene-2,6-dicarboxylic acid, preferably isophthalic acid or
terephthalic acid,

45
and dimers, trimers, tetramers, pentamers or hexamers thereof,



Accordi ng ¢@sd s1egwention, the polynerization of starting 5 nononers is
effected in the presence of a chain regul ator conpound containing a nitrile
group and a functional group capable of form ng a carboxam de group. It is
al so possible to use m xtures of such conpounds. 10 In a preferred

enbodi nent, the functionpal grou %I e of form ngba car boxam de group is
an ani ne gIURFErFt OF <O 8g8 Lr% 20 t@sk20ar BRBEREAP LY FRraF? fHarti c,

pr ef er abl yelkylglipphae i csuedlrnaﬁohet:rarreetélyleggémr@mw oal i Bmﬁl@bdb'pha, onega
am noni t r i heecaneaiyhgnédimidet, 0 20, preferably from2 to 12, carbon atons.
Particul ar prefer ence is given to those am noni tri | es whose carbon skel eton

correspo 10 220 tin ol

i nventi o%q'? 1;re eré c gGg-a noc@?r P:trrgll%y %ﬁﬁﬂaraqc%gﬁg%@ nyI on 6
or nylon 68 %S$pelf ézejr?’)‘ﬁs’o?i gre ﬁ8‘ﬂ1i° 5b eB&r8%in a
convent i orfig YaRmERen Wlﬁﬁﬁﬂ-%la%r ogenatr on of t he cor r espondi ng
dinitriles. 25 In a preferred enbodi nent, the functional group capabl e of
form ng a &t hidxers detineip,i Setramis] géﬁumeﬂst drS hagamertsaghenrsot p use
aromati gg arylaliphatic, preferably 30 aliphatic, nitrilocarboxylic acids,

especi all vy ald,aal b @iﬂ%%eg@ DI¢T ihogay byt balg; g paving from2 to

20, prefe ar bon f€e is gi ven
to those n?‘f‘?“i/alt&{fa%wq s&&’ﬁd@sv%osc’é: EaPB%Wjﬁ{@%éFBﬁ %orresponds to a
starting nmononer of the polyam de according to 35 the invention, preferably
6-nitril oawiyhi @ &eitb fQan, tireefierepdyati cio Gisnplophétir diylashoBpliespddi al |y
nyl on 665 S a3l sebhObArdeddy| d6decdritiivay HeidraPanedid nacaidc;onventi onal
manner, as by partial hydrolysis of the corresponding dinitriles.

Accor di ng t ve t r f. s S is
carried ou rpc|1 n ?‘ﬁggbr%sie"gecr}es’opg g’erl;ggt égg&g&ﬁo or Eé eran%'l ?nﬁiast 2.4
nmmol , especially at least 2.8 mmol, particul arl¥ preferably at least 3
mol , basgtPRPersner %#lgﬂ‘eé‘érﬁf)x%rﬁfidéog?zmppéﬁ eFRP 0Ly af® daor of a chain
regul at 80 ar@@e80L589&8in0k conchi as my- @mptprhéry ipredgamndea functional group
capable of form ng a carboxam de group. According to the invention, the

pol ymer i zafia a0k, St&rd,l, NOp e FEMABTH! &; itD @?{ r 'a‘?c@m%lc'd‘léa'}%o%ﬁ@%dof at
nost 10 rm;?]} ,dequgg Vi 1 egrgst rg;&h]p opst, 4 ol , based
am

on 1 nol df a c'ﬁ requl at

cont ai ni ngn%Pct}ﬁhlaﬁFPE'g%r% c&%ﬁ°ﬁy %@FrlgnaPrﬁfﬁ?%lé’abi %q& lfg'of‘ﬁf‘ﬁgora

car boxafP deexardirpalio &Tidrsi ng t he conpound which contains a nitrile group
and a functional group capable of form ng a carboxam de group in smaller
anmount s, t&ed Emgasl deriterehseevesndgial, penbem&ns forc heRaher sStthklaof On usi ng
t he conpound which contains a nitrile group and 15 a functional group

capabl e ofy LO0908 SARMEAN 08 9 OURSI B, | ALOEELAIDYILS, & e degr ee of

pol yrrer|3 atron 1.s I nadedquat e @hich*&bntains a
nitrile é Hradi glflﬁrfb‘?'r (§H§P 3% Ut (?tfppc%%‘b’flee P8+ W¥ng a carboxani de
group and mhrch is used according to the invention as a chain regulator can
be used i nwitdnis Gat t@rf20i t brefenabayi Ondlo €hai mrvagliphakis dfigpriesesripice
nonocar boxytid caciddsivpt bfear ahbyeddl, Gor- akkaprnumioatidexy|suehaasds~, such as

acetic acig. qfr PRRERPiEnfiladet PE BSSIBbI Y 25
C5- C8-cy IoalkanenDnocarboxylrc aci ds, such as cyclopentanecarboxylrc aci d,

cyclohexanec oxylic acid, preferably benzene-

napht hal en@%rﬁﬁfﬁ%%xﬂ’r“@ el astIWageBE%'E%ﬁs °§cf’8xamers thereof,

napht hal enedi car boxylic acid, for exanple dicarboxylic acids, preferably
Cz- d o- al keoreghegsr boquigpmbdsf 8CstohCas adeperakdyi s ez dhaic aci d,
sebaci ¢ acagyxdligphadnedd Latipexykuch ai th- prepetyliilgnediamine,

C5- CB- cygl oal kanedi carboxylic acids, such as 1, 4-cycl ohexanecarboxylic

acid. pref gy gbly chepgene. hgrﬂedfe@%mghe wedl carl qpxgrgcaﬂ depoRbElt 8314

[ sopht hal i c acid, carbo ¢ acd

35 exanpl e® (?zfmsﬁe"é‘c raé’flgr'aﬁ?ge?fi“ 181G % r?5n8 ’n%sac‘ﬁ#/ef erably’

C5- Ce- cycl oal kanem)noam nes, such as cycl opentanean ne, cycl ohexaneani ne,
4- am no- 2, 2nd, Gmees, abeinprdspi petramers, pentawewrplor beramews thedeof,

napht hakgnenonoam ne, such as aniline, naphthal eneam ne, for exanple

di am nes, preferably 40 CZ-d o-al kanedi am nes, such as

hexanet hyl enedi am ne, preferably CS-C8-cycl oal kanedi am nes, such as

1, 4- cycl ohexanedi am ne, preferably benzene-, naphthal ene- and

xyl yl'i denedi am nes, such as o-xylyl ydenedi am ne, m xyl yl ydenedi am ne,

p- xyl yl i denedi am ne, or m xtures thereof. 45



0050/ 519550854 16881 t ot al of conmpound used according to the invention,
which contains a nitrile group and a functional group capable of formng a
car boxam de group, and the conventional chain regul ator should

advant ageously not exceed the maxi num.amount defined for 5 the conpound
used according to the invention, which contains a nitrile group and a

f unct i onal MERIAT Sc Qpadl LIWeTFoPHi AgCa tlaFbux RFPIBTfPBUFe §Pnes ot her wi se

t he degr eeanylyddppabit zdtamimeobsurnets it onspfkykyleanediagiser anot her
preferred enbodi nent, the polynerization or polycondensation in the process

of the i NVRDEH QN CsSt&aE )i, ePrOtlrdylyl BE R RSGNCEatat HEASILIXYR iR SO -

Preferred pi GBS RYES {AGUAM inm,&%ﬂr ghesARlos tihani am dioxide in the
7

anat ase r r I ng, conpdédunds T narganic.or_ardani ¢ in nature. The 15
SHERRIRBS NG 81 LIRS R P R G RN NN L L O e
especi al | yte¥ephtdadzct@ac™parts by wei ght, based on 100 parts by wei ght of
pol yam de. The pignents nmay be added to the reactor together with the
starting nah€rdiadedsQr tsofpert ebyrimersf petardrIhe pekynsi dasmerkothi s
inventigg nmay be prepared in a manner known per se for pol yam des. For

cxamle, 2noOLNAT 42 BRGSO BeCqnolRckam TRY e pripnar ed 4N the presence

ol
of a corrpoﬂnrcllo containing:a nitrile anc odp capabl e of

1al “gr
25 for m ng®BY BPEREAT &L MAGy BYCh IRP 'nf’FnBﬁ’é%letenSQf‘ﬁlﬂlrger'ocesses
described in DE-A 14 95 198, DE-A 25 58 480, DE-A 44 13 177, Polynerization
Processes, with er $gi tmc&0, Neve Hrdblyl10d Ao €15 A24yA@1 iphat Hdantdlocachozigric
Techni sgbeac Rolotraee heat Bred/EheYest Agaeetbhftdadilorvabshedyan 18938, p.

546-554. The & gRAhahi Penetd 4ktdcPRt¥am de based on adipic acid/
hexanet hyl enedi amine in the presence of a conpound containing a nitrile

group and a functional group capable of form ng a carboxam de group may be
ef fected B STFPe Fﬁg‘ée%nﬁéﬁf?’%%ﬁ' l?&f‘EﬁW’g% Pr %8&@%‘3%% EPfbed for
exanple in Polynerisation Processes, Interscience, 35 New York, 1977, pages
424- 467 20espe ciaaldpp lpmees, Lbpodderss mixtaresndndigrastprotesssh f or exanpl e
as descri begartinfgPmdA8mdSH5 .orTlReadddhd iddigefeds conpound containing a nitrile
group and a functional group capable of form ng a carboxam de group to the
reactor cap, 1 aks, Bl aGee SERAIA! §LY o e Mostdnill N AL BE SOIEAY. 40 the
starting nofiphers. Tpe pol yam des’of this_in ent1on c4q e, used io pr oduce
filament, PbEmers ¥ALCR o chymgcaigon 4638/ SIS SOTRATIAES yLoBTS,
fil amen@5andlentfe, pyEPRTorfoenysoRT&e? it BYLABSE HYilOR-AF o dyd@noh2 nyl on 6
or nyl on 66r especiaalily pylywimeta-phehyieneisbphtieldriehogh speed spi nning,
i.e., by tpsepidarapphdy DéndBeirephbRdl A(1Ge , Mespécidl110tBrhplod & ble

producti onppfosheet Lhke & ddyr8gadii®Nsiapal & id dygs, the pol yam de of

this inven}lé,g%}hm o] eéf'mf&l% with conventional additives, such as flane
retardants, gl ass Tll €rs, 1n a conventional manner, as by extrusion.

Exanpl e O nventive Exanple 1: 15 In an autoclave, 3000 g (26.5 nol) of
capr ol act ahRcuBT Gref cbbiahle PYi BPRItied Raf¥flimhderosegv¥¥s mol ) of

6- am nocaphpdrdxyilaginer €o hizatre dhenclerraspondgeg ¢xingn andt @rswddsegeaper at ur e
of 270C, i peekhairrpathefi@aidner ok efrsidwWhet @odtd@siHiEhGCavittsnidtilesrbynd
suppl enent gyt 1 y2aRdeps e {1Qlonl Be FbFe 2 ald il salaidegmedNeatdicschar ged

pol yam ‘3?. @@;gecpea'l{ﬁt L felhe rs%%ESdo{"'éaQ *i?lsgl-. ng el gk Lo lanmve .
caprol acfa nd Ol TQOIMer S, sm?bseg ent Iy drted fna vacuum dnryl ng cabi net.
The dried 8X0¥8red’pd| FREER KPR gS’“?H??Ji'ti oned at 160C in the solid phase
for 25 h. Thereafter, the neasured in 96~ wei ghed out per 30 in an

Ubbel ohde fTheppoluation of spege-estopiarboslydi¢ vacisisl,uti on vi scosity of the
pol yam de vasgsilfinocarBotdhideel, bhéga-ahifohripotylae wastd Gharl of

sol uti OQOaBﬂec%g'fanTianWaH)@fy]% BeasH! & WhaGRNBL L scA0ahBgtatdie pure
solvent. Co et roups was._veri The .relative

ol Ut 1 on voSERgIRyentpt Gramine) tHER Ol IBTSEERASD Rhihih A LS
- ¥

before or during éLe polymerization.

The preparation of dicarboxylic acids is known per se. They are
45 obtainable for example from the corresponding dinitriles before
or during the polymerization.



Conpar ati vgoEyagpbgsl | nventive exanple 1 was repeated except that 4.8 g
(65 mmmol ) or propionic acid were used instead of 7.3 g of

6- am nocapronitrile. 40 The relative solution viscosity RV(1.0 g/dl) was
2.71. 45 0050/ 51 955 10 Exanple 2 The pol yner prepared as per inventive
exanple 1 and conparative exanple 1 re examned with regard to their flow
char act er i B{#Res @ypke PEKPFLd31nFRrcqnyieatinpet diSyndf Bas nai nt ai ned

i n a heat eblyédyddem@ériont oP ABE€ fecorrésp@diry, diitPDles.n and subsequently
expressed through a die into the open under a force of 5 kg. 10 The strands

82& a: 252 igcé&@im\@a?egw@ﬁ@ {m@%&gﬁ,fme tﬂ@%ef%&%ﬂd&ﬁgsfogﬂéf%d’i scosity as
Do dwe. Bf k@‘?‘%%ggsf%fe‘?\ﬁﬁﬁif‘é S el pE e 2&‘?3“!:.@8?%‘3“1“30 -
Inventive EXBRPIY FORERMPHIAG P TEXEMATOUP APIi ] %HQﬁ%logF6n9??%ﬁJre 1 that

t he pol ynmefaRdbkopfafarPiRg e &apPexamideigsiorB- a substantial change in
solution viscosity, whereas 35 the solution viscosity of the polyner of

i nventive exai@lalsh pesBibEe Wor LBal hixtinrst At sudh Joppeansg. sol ution
viscosi tjyy i s evidence of degradation or of nolecular weight increase in the
melt prior_to_expr Lon_from 40 the cylinder. The higher_ the solution
Vi scosity 5? ?j‘Per%ef%??ﬁ e%f"bs,dr}]é“ﬁaf’tﬁ},ée hlué’ﬁ %O?%]e rﬂ“@cﬁ?ﬁ?bgﬁaio ht i1 ncrease.
This has a80FPe9 & FATPYXYN AN GXBRBCES AT eRar B QWi stics. 45 nesiaence
time mneii ~mMm- 0050/ 51955 11 Exanple 3

It is advantageous to use aromatic, arylaliphatic, preferably

15 aliphatic, aminonitriles, especially aliphatic alpha,omega-
aminonitriles having from 2 to 20, preferably from 2 to 12,
carbon atoms. Particular preference is given to those
aminonitriles whose carbon skeleton corresponds to a starting
monomer of the polyamide according to the invention, preferably

20 6-aminocapronitrile for the preparation of nylon 6 or nylon 66,
especially nylon 6.

Such aminonitriles may be prepared in a conventional manner, as
by partial hydrogenation of the corresponding dinitriles.

25
In a preferred embodiment, the functional group capable of
forming a carboxamide group is an acid group.

It is advantageous to use aromatic, arylaliphatic, preferably
30 aliphatic, nitrilocarboxylic acids, especially aliphatic
alpha,omega-nitrilocarboxylic acids having from 2 to 20,
preferably from 2 to 12, carbon atoms. Particular preference is
given to those nitrilocarboxylic acids whose carbon skeleton
corresponds to a starting monomer of the polyamide according to
35 the invention, preferably 6-nitriloadipic acid for the
preparation of nylon 6 or nylon 66, especially nylon 66.

Such nitrilocarboxylic acids may be prepared in a conventional
manner, as by partial hydrolysis of the corresponding dinitriles.
40
According to the invention, the polymerization of starting
monomers is carried out in the presence of at least 2.3 mmol,
preferably at least 2.4 mmol, especially at least 2.8 mmol,
particularly preferably at least 3 mmol, based on 1 mol of
45 carboxamide group of the polyamide, of a chain regulator



The pol yney§ ngp?ggd as per inventive exanple 1 and conparative exanple 1
had 30~ of ass ers incorporated into themand were 5 subjected to hot
aging in a through circulation oven at 140C. After aging, the Charpy inpact
strength was determ ned according to 580 179/ 1 eU (neasurenent at 230). The
result is illustrated in Figure 2. toc ~aml '0O06l 3 7c 15 d w1 5f 7
~ of L 3IC%EF%}Qin9|@u?%FE?%ESgrOPHv%ﬂﬁ|avéuéﬁﬁh?ﬂQ9:ErOEBnﬁ%E%Rﬁev@fexanple 1
It is cleafofmioig fi garkoxamidsgt graep pol yner prepared according to
conparative exanple 1 exhibits a | arger change in the Charpy 30 inpact
strengt h thasbidialy ebt ahdedhee6H] Nehd @ollwemwﬁo%a@fpé@aﬁud}gbreover t he
pol yer_r 6By aagozegw& %%Oirgamé REBEXAIPLE o B84 Qi Char Py

i mpact stren at tain acc IE%] 0 vent éngle 1. 40
45 Hot agPh etr g oS08 SSeWC&aé afli“¥t Brepari ng
pol yam desmolfifcifagaaprnidss 9xons| 9hethe, ipedvanide i mf ﬁoﬁbm Fegnlener
presence ofodtaimi2g3at it lengrpubasell cofubchbénalf granpocamiide gfoup of the
pol yam de, f@fmiheCRatArbeHitidleOré@pt ai ning a nitrile group and a functi onal
group capgable of formng a carboxam de group. 10 2. A process as clainmed in

claim 1 vherel s ehd EhalOeat Al Uodes A0 ATNANLLY LLey, S\ oProcess as
clainmed in 1, I N sal an r.e Gl at'or | ocar boxylic
aci d. unctlonal group capable of forming a carboxamlde group in
smaller amounts, the polyamide is observed not to be sufficiently
stable. On using the compound which contains a nitrile group and
15 a functional group capable of forming a carboxamide group in
larger amounts, the degree of polymerization is found to be

inadequate.

The compound which contains a nitrile group and a functional

20 group capable of forming a carboxamide group and which is used
according to the invention as a chain regulator can be used in
combination with conventional chain regulators, for example
monocarboxylic acids, preferably C;-Cjp-alkanemonocarboxylic
acids, such as acetic acid or propionic acid, preferably

25 Cs-Cg-cycloalkanemonocarboxylic acids, such as
cyclopentanecarboxylic acid, cyclohexanecarboxylic acid,
preferably benzene- and naphthalenemonocarboxylic acids, such as
benzoic acid, naphthalenedicarboxylic acid, for example
dicarboxylic acids, preferably C;-Cj;p-alkanedicarboxylic acids,

30 such as adipic acid, azelaic acid, sebacic acid or
decanedicarboxylic acid, preferably Cs-Cg-cycloalkanedicarboxylic
acids, such as 1,4-cyclohexanecarboxylic acid, preferably
benzene- and naphthalenedicarboxylic acids, such as isophthalic
acid, terephthalic acid, 2,6-naphthalenedicarboxylic acid, for

35 example monoamines, preferably C;-Cjp-alkanemonoamines, preferably
Cs-Cg-cycloalkanemonoamines, such as cyclopentaneamine,
cyclohexaneamine, 4-amino-2,2,6,6-tetramethylpiperidine, for
example benzene- and naphthalenemonoamine, such as aniline,
naphthaleneamine, for example diamines, preferably

40 C;-Cjp-alkanediamines, such as hexamethylenediamine, preferably
Cs-Cg-cycloalkanediamines, such as 1,4-cyclohexanediamine,
preferably benzene-, naphthalene- and xylylidenediamines, such as
o-xylylydenediamine, m-xylylydenediamine, p-xylylidenediamine, or
mixtures thereof.

45



4. Pol yam gg5gpgagggbl e, especially obtained, by a process as clained in
any of clains 1 to 3. 20 5. Pol yam de containing, chemcally bonded to the
pol ymer chain via a carboxami de group, in an amount in the range from2.3
to 10 nol, based on 1 nol of carboxam,de groups of the polyam de, a
eonmpound cont aining a_nitrile group and a functional group capabl e of
formng a BB BBWaHCH8LgPoURPIPeENg. UERd ARSOFILPI BT  thehdaveBticml dhagh
conpri si nggosrsigist iac ali tyilsrariovpi and of flwrtyamtlegl‘aslpclcapﬂblzb igf claim4 or
5. 30 35 4fodhindAla, cAFNExdiddAgeokdp) . dnd Alde. AbnyerAl imnAYRcARFh Aldgadaddr C
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1045668F9@%éxﬁgécharged polyamide was pelletized, extracted with boiling
water to remove caprolactam and oligomers, subsequently dried in
a vacuum drying cabinet. The dried extracted pellets were
25 conditioned at 160°C in the solid phase for 25 h.

Thereafter, the relative solution viscosity of the polyamide was
measured in 96% sulfuric acid. For this, 1 g of polymer was
weighed out per 100 ml of solution and the flow time was measured

30 in an Ubbelohde viscometer against the pure solvent. Complete
incorporation of the nitrile groups was verified by IR
spectroscopy.

The relative solution viscosity RV(1.0 g/dl) was 2.73.
35
Comparative Example 1

Inventive example 1 was repeated except that 4.8 g (65 mmol) of

propionic acid were used instead of 7.3 g of 6-aminocapronitrile.
40

The relative solution viscosity RV(1.0 g/dl) was 2.71.
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30 ® Inventive example 1

® Comparative example 1

It is clear from figure 1 that the polymer of comparative example
1 exhibits a substantial change in solution viscosity, whereas

35 the solution viscosity of the polymer of inventive example 1
remains virtually constant.

A change in solution viscosity is evidence of degradation or of
molecular weight increase in the melt prior to expression from

40 the cylinder. The higher the solution viscosity of the extruded
strand, the higher the molecular weight increase. This has
adverse effects on the processing characteristics.
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25 ® Inventive example 1

¥ Comparative example 1

It is clear from figure 2 that the polymer prepared according to
comparative example 1 exhibits a larger change in the Charpy

30 impact strength than that obtained according to inventive example
1.

Moreover, the polymer prepared according to comparative example 1
has a lower Charpy impact strength than that obtained according
35 to inventive example 1.
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polyamide, of a chain regulator containing a nitrile group

and a functional group capable of forming a carboxamide

group.

10
2. A process as claimed in claim 1, wherein said chain regulator
is an aminonitrile.

3. A process as claimed in claim 1, wherein said chain regulator
15 is a nitrilocarboxylic acid.

4. Polyamide obtainable, especially obtained, by a process as
claimed in any of claims 1 to 3.

20 5. Polyamide containing, chemically bonded to the polymer chain
via a carboxamide group, in an amount in the range from 2.3
to 10 mol, based on 1 mol of carboxamide groups of the
polyamide, a compound containing a nitrile group and a
functional group capable of forming a carboxamide group.

25

6. Filament, fiber, sheet or molding comprising, specifically
consisting of, polyamide as claimed in claim 4 or 5.
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