; €3ed402b6Tx] A n t 2 3 au~ 2002 *166166* Production of polyam de? from
] am nocar boxylic acid conpounds This invention relates to processes § Wb 2002
produci ng pol yam des from am nocar boxyl i'¢ aci d conpounds. Pol yam des can be
produced not only from caprol actam but also, int ermmmlm Iﬂ

am nocapronitrile. US 2,245, |29 describes a batch

preparation of polycaprol actam $om am nocapronitrile (‘'«R&b), and wat er at
a tenperature within the range from 150 to 300C, governed by a specific
tenperature programas a function of the anmount of “MMWML and a
pressure of not nore than 30 bar. The di sadvant ageumm cess are the
|l ong reaction tinmes (20 h in the first stage), the | owgsseosity of the
resul ting polycaprol actam'and the high |evel of volatile bases (essentially
primary aci d—amdes) conpared W tihT—a por ycapr ol actanr produced fronr
caprolactam US 4, S68, 736 partly solves the problens described in US

2,245,129 by the use of phospppgdisctiontt polyathides o ai Ni ng catal ysts. The

use of these catal ysts inproves the | 0 s ace-tinme yield of the process
described in US 2,245, 129. Haminesarbe FORPPOYRMASat i | e bases in-all the
products produced by this process is sti II too high, so that the pol yam des

are difficult to process and have a reduced carboxyl end group nunber The
st oi chi onet ' A siepsy c Bs in the
products of the processes is responsrble for therr shomnng an i nsufficient
degree of polynerization and a slow increase in nolecular weight during
tenpering. Furthernore, conplete rempval of the catalysts is virtually

i npossi b e, This inventioptrelatasdaipsedesses fopprpdueiag nobyamidesr from amisopasboxdics

pr oduced usbagcgﬁroﬁﬁgalysts such as type and gquantity of end groups or

snap-of f behavi or d rj ng, spi nni_ng, dversely affected an, obj ect
of the present i nveﬁf’b’éﬁ"i‘ﬁ 3B RA PROD Hc%r yfﬁ&m ﬁ?ﬁ'&lféf“ﬁbi’ﬂbﬁvamgs
Wi t hout t healili, Sidoely amird@asofitrilene above processes. The process shall 2 3

AUG 2002 2 provide | yagi i n S rtre of
t he pol yam des shal Fb% ?%g?g%ngfgﬁﬁgedgby\ﬁ%%@gpr etggongt'é‘é pgcd’gpﬁ]i%n o
conponent s piyeApralastamt fram asnmaaxoeméﬁ ' AGN" ) handew siteuiatca tehmxeratmeswnbpect is

e compoLE ARaC Ebin 190 187 PONE, RovaRLy Uy, § Bpeclic (EAGH.M0 JRARRREDEY! ! €
O O . t z- al kincEn | Rénammpéwraﬁeewaﬂ@rpﬁa@p&(mmqry é‘h The

C_12-al kyl dzsad@aﬂtah g¥CoOMlsl prigtess af&jthdmldra] irvacmcfjﬁ £618¢ (zmzﬁmkcﬁrgtzstamtmnal ly
ina mxture w.t itri and t r

opt | onal |y 1PH FHEPs e set i, PQvenpotaiar e tré g BT o8 Bl bpsess , om
0.1 to 35 x(ed@6tiflly pnnhaw @ daen dts) comipamad With atpol;&faﬁfolamamrp&oqhmedeﬁma of
met al oxi desyasgadigher ogeneous catalysts, the nmetal oxides being used in a
f orm whi ch grmts nmechani cal removal fromthe reactjon, nmixture and being

removed fr om the reHetd18 Mopaty salyes the Brobigmefescrbed st Ret-24al2DRY

the use of phosphorus- and sulphur-containing catalysts. The use of these catalysts
improves the low space-time yield of the process described in US 2,245,129.
However, the level of volatile bases in-all the products produced by this process is
still too high, so that the polyamides are difficult to process and have a reduced
carboxyl end group number. The stoichiometric discrepancy between the amino and
carboxyl end groups in the products of the processes is responsible for their showing
an insufficient degree of polymcrization and a slow increase in molecular weight
during tempering. Furthermore, complete removal of the catalysts is virtually
impossible, so that the chemical and physical behavior of the polymers produced
using the catalysts, such as type and quantity of end groups or snap-off behavior
during spinning, is adversely affected.

It is an object of the present invention to provide a process for producing
polyamides without the disadvantages of the above processes. The process shall



In the process, the am nocarboxylic acid conpounds or m xtures use@ 3nks 18
obt ai ned by conplete or inconplete reacti.pn of aminonitriles with water in

* a precedi ng stage. The proportion of am nocarboxylic acid conpounds) in the

m xture to be polynerized is not |ess than 75% by weight, particularly

preferably n?;O\Ji 1R RYVAIBN cvERions, dnd'@E prépintes dthetgodyantiaed siam of
am nocar boxyfFic aci d” conpounds_ or m xtures conprjsing am nocarboxylic¢ acid
conpounds andotaht semPrmIsed; by SPressngs of Addtonal, compenrangs wWineh camiob\heg

manner. The Wédmrmgeneous catal ysts which inpair the product
properties is avolded. The startjng materials used jn the process of. the

i nvention are am noc¥¥BaXs F@Qé"ﬁ%ﬁn‘iﬁfﬁﬂd% aﬁtlle‘(‘%eébér@'f”&%sffg? Rindycing
H2~1-(~2) m Cﬁ.&i},ﬁm&@s&m&mg‘ Smirfddarbofylie acid ¢ompdutidk ofthe-guB&@Bformatr B Rz and
R3 are independently hydrogen, C~_1z-al kyl or C5_8-cycloalkyl, and mis 3,
4, 5, 6, 7, 8, 9, 10, 11 or 12, optionally in a mxture with amnonitriles.
Particularly preferred am np]gm(mmaom‘i d conpounds are thosgl) n which R
is OH -OC1 ~alkyl such as -0-nethyl, -0-ethyl, -O n-propyl,

-G i-propyl, 2 3 AUG 2002 3 O Z. 005014880. -0-n-butyl, -0O sec-butyl,

- Ot ent - but ywheredR! NR-OB, ©:60,palkyNe ,NR’ra%u\/bV,herwlﬂét and\\RS2 agen dndepEitd@ntland m

is 5 Very L eul ar Ce.l i = amm i cid, nethyl
6am nocaprog@edg%?hyl'” - r#%?é‘é%yg%tagw -a%rﬁﬁ%%h” E?atgrlgém' de, 6s

am no(l~T, N-di net hyl ) caproam de, 6-am no(N- et hyl)caproam de, 6-am no(N, N

di et hyl ) capr §518ngity A da SmdfROGAN ARiThéifailesNang! fefrl RProBARO PRsHCA! @nd
commerci al ly "avai |'apl e or preparable for exanple as described in EP-A-0 234
295 and |nd.°H§‘?g?ﬂ)G¥éﬁ?PPF §2“Bé§z Dev. 17 (1978)9-16. The aminonitrile
used can be in principle any amnonitrile, i.e., any conpound having both
at | east onen aMghi@ pBdse ik resdure fromeRB{o 381%€1 0AP4 dridlater@pedatire FoMANTSREB5G°Ciih €S
are preferrege,r especi allﬁj}{ ~-am pnoal | cyl nitlrites havi n fﬁ0m4 é‘o 1t2 car bon
atons, nor e [ RFERSHATeK pxjdes as heterggensons,caialysty t@erreetw?ﬂe% e inA fogy

am noal ky| arwHicipdrnité fcaniéaingmbvad fofh the réadticiamb@ite ahdBEing Pénsfved Fefh the

am noal Il cylaryl, ~s nitrites %’Ei Ir,}% trose whi ch have an al kyl spacer of at

| east one CJF%BW%WBW(S THE PIPBIFEEI" @™ uni t and the anino and nitrite

group. Especi al |y priaftae peskesd]i the alnkiuscarioxylié atid! @inpounds ke SRixedtes Rsdinv e

t he am no grou antg ni F)I telpg"e?ug in t_h@tel 4ng)OS| ian r.%hatl vtgl tag each
other. The Jt%%ahi R ?ﬁ‘&@ Y RPPPIS% CLIAgP S S TR BB O HES W8 VAIRE Mkl | eyl
nitrite in zoesedingtstagacThd prpbenionfiaptiyocarbGiyliy agid ebmpatmd(s)ciarthamixtufer om 4
to 12 carbo -pref er abl :an_ ats

6- am no- 1- cgglﬁ%geﬁt aJnHe}{fégm _nocapr%ﬁ?isgﬁé)fﬁ@?’g%%?ﬁ?ygno lg}gﬁfg{aﬂﬁr

8- ami no- 1- cyRhlssepeAfaY by Weighb1- cyanooct ane, 10- ani no- 1- cyanononane,
particularly preferabhasoand g apE Qdctioh of . anBindeErOGHR 4id cobmpBunds or
custonmarily obtai ned b1¥ .h%dro enatt)i on of.zs adi panit rdi | e. ac Oidi %to known
met hods, dedEXFHEY SOBPIERE RFHACGADPRIA a51lsCYRROUNGE aRdgamBIngRItHes Jedds 10
5,151, 543. |Ipolyasidd s apfester ind improved marnerr @heaiseach homagernepusfcatalysts

am nonitril %icgﬂﬁﬁﬁhgkyﬁugtw%gg{s al@g{dg&_ogeneous catal ysis can be known
nmet al oxi des, such as zfrconl oxl de, al um num oxi de, magnesi um oxi de,
cerium oxi de, | ant hahgmsBriang xnaferialsdussdeer &B| pracessamifuthediiByangien, awgs wel |
as beta zeolanfifscarithtyRd 888 toinpbais®T thdgenbRl fsrRAGEOUS catal ysi s.
Particular preference is given to titaniumdi oxide in the anatase

pol ynmorph. It was further found that silica gel, zeolites and doped netal
oxi des, the dopants being for exanpl eINHOHEDLLOO)ROpper ofD) fl uori de,
significantly inprove the reaction of the starting materials nentioned.

According to the i]n.venti on, the 3 s het ego eneous cat al yst has a
macr oscopi ¢ WherenRiris cRH etOrCh s2-atlsyhan - NRIR s evireyalR“0dnd Re g5olipdependasitly f r om

the catalySthyafigtn (AIBIG BYCIRAMOAkISHRMRS 914 61 6 LESo, 141G, ipygnt | on

proposes the“us€ of catalyst in extr, d’ate or granu ormor inthe form of
a coating oPpHeratiyinsg mixgirevithamipenitryes.
Particularly preferred aminocarboxylic acid compounds are those in

which R' is OH, -O-C,4-alkyl such as -O-methyl, -O-ethyl, -O-n-propyl, -O-i-propyl,




2 ,3 au~ Zoo2 4 O Z. 0050148803 In another enbodi nent, the am nocarhpxyfigm
acid conpounds are reacted wth honpbgeneously dissol ved acidic cocatal ysts
-or a mxture of different catalyticallysactive conpounds d 5 gbdpsspdzesence of
t he abovenenti oned het erogeneous catal ysts. Preferred cocatal ysts for this
purpose are acidic catalysts, such as the abovenentioned s carboxylic
aci ds, t er effhhivatylc-Qeséoshutpld FQitert-hutyll and P NRIRIGuch as -NHandNHMep RWHELi-c aci d,
or oxygen-c aLir s conpounds, especially phosphoric acid,
phosphor ousﬁg%ef %il?d %@’E@?%ﬁﬁous acid, their alkali netal and al kaline
earth metal salts a¥eryaparbeulamprefarense 18rgivety tpefraguracaproit goidumpsihyl 6-
conpounds, SSinEGIpAbdy, SYIRIUT banfdddpRAt, SUbRRMANSmEG Deagtb@hiREENCR | S
gi ven to using aTBr nst ed “aci d cat al gst .se&aqec ed froma 'beta zeolite
catal ysts, sHe@e(NGN-dimsthylicapraamide, or OmInq(Methivy@pioamide c attatPe@dhpr i si ng

from70 to d;@@%)&ayrmﬁgmn@&m@&ap@m&.from 0 to 30% by weight of rutile
in which up to 40/0% ig{ét of tha titani um di @xi de ny be r%paggcgg by
tungsten oxi de. The \é\%ﬁ i GATRAUNGS, 215 Semmierdislly pY4laRie qh BB tal yst
shoul d be asxahipthasadesiritsedi ih|BP-A=(623% 29%arinind. Esg. @ihean Process Deg Devpule

anat ase cat@Py%:?P_.l The catal yst preferably has a pore volune of fromO0.1 to
5 mM/g, particurarly preferably from0.2 to 0.5 m/g. The average pore

di anet ero i s pr ef er aliey amirtonitrilet heedr eang de fin opmr@ipde Zny carGingnitriley i.paranycul arly

ref er abl é@n&a‘a { f iz .l 0 f i I,.SC
Br oduct s )altr e sg'gc,l,th?ﬁ:e‘é g’\@gf%tgféasgg“g %ﬁg@? %hdgt&}ﬁga%eo I_alalgmelg éﬁ@ %ﬁfti ng
har dness i SAPinORETiep|aje grefaret: espeoigiyne-2punealkys mitrides| havige & tolly > 25

N. The BET gtioha@6ma! fdré Spréféﬁf:l?rﬁhbw RNt ftems,4th e dikyRAk thsidhardry
preferably more than 100 f e BET ssrface areg i S, snal I‘g,hyhhe bul k

/q. t
vol ume shoA™y® Syt B’;S‘F]legﬁ’é\%?g rﬁ%‘hgrmt o0R atomse Breiezed- aminog tivity.
Parti cuisa(r) I Igumsefeﬁfgrtﬁdkeﬁﬂlﬁdi Iyavt-gnhmz spaber dfat leastiong carbom efotr BaWeézxﬂﬁ% of
anat ase; . ~ re une,; . . m.aver e . re | a ter; cuttlng
R nocs: ey R0 et ihe 8o S Bile BBV SRR R Bret A a0 0, 1
wei ght of rmtrildsegre @h&e ndtigh heveethe cdmine ;gréxpOshdpnitrdle egraupeinptheel dipositiber ; 26 N

cutting harrgﬂﬁfestbeégq%érg BET surface area. The catal ysts nmay be prepared
from commercral powders as avail able for exanple from Degussa, Finnti or

Kenira. Wen tungsti e @aminealkyl nigéle usedis pesferably isyjinagsi eramingsited aitalsliy up to
30% by wei gitich Bfé_r£u<§1%@hioye5pr(@}5t)apﬂeverém9@bééing FrodP % BY1 MRLYBA aBime O the

titani um di oxi de %Le?j’é'iye | aced by tungsten oxi de. The catal ysts can

e
prepared asnefEsRiF M 10, DKERSISTH GEAmS: \iieh 128 ryaminapleisgeRentane (6-
het er ogeneatsinsvaphnittie},” , 7-dfdthd/Eicpdipherand,9 98 .aniheg esyLivhéptarde)e J-gmtor on
vessel s uselo_l are ackleod with the catal ﬁé‘ nlatleri gqlrb'ln such a wa .@S to
maxi i ze t NeCRRTTARE T PIg e sCYRPRRONATS, PREAIATLY Brefgrably, B1a{Rocapiy 5 of the
3 s reaction sol ut iGGAmindcaptesitrled,is t biestongaridy i obtaimed t by e hydrogematiopciof cul at ed
by punpj,ng atdﬁ)o e ONBorilS ©NERANIB bl 'h%sérf%%&?f@x“% e W DEA é‘:#é{éf'}s .

en the [16n m Xture in of 'a fixed

surface. W react I's reacte e "presence_ of

bed _ cat al)EA 84§:654 emPErats3oft istadsorossibledojuse printusesatf] § plurality af t he
range fromaddporditiles. 2 3 AUG 2002 s 0.z. 00so~~sso~ 350C, preferably within
t he range from 200 |arly preferably within the range from

o 300C, particu
230 to 270C. The | ofh@rcaﬁaix#stuseﬁ }°E ﬁ?@te{%ﬁ'ﬁfé’%’éﬂﬁlc\éﬂﬂ?&e‘?f‘d@%’@e@hmflﬁ%% degr ee
OL pol %/mer is;tfl{f ismﬂrcﬁhidxlntd)%deﬁvaluﬁﬁmﬁg Iﬁklﬁlﬁlx%lﬁéne*sihm dxide] c?rﬁjnm?gida,dlhi%tﬁghﬂx tso: [ dt
pnase I ansi on,sS e avol ged. n absence. o a. | Xed,. at al yst,
e ertiar e abg pretetafly Rafied diftides, i WalT o8 BRERESTSS it SnekERCHS £205 1o
350C, pr ef éretebigenedius hiatelysiee Raztiogdart prafe0e tio gB@0Qo tintunc Wiewide iprtkd er abl y
within the - Qr. - 0f i j t he
conpounds oa'?lgtﬁr!% tom(gpplﬁﬁ %%ne Qraqp‘é{k&rkgg{%% giglglg?ﬂ_lé&p?g_tsa g%%d;*g{ta} Jt”ﬁgesh\et al
oxi de cat althesdopants beipgtiporrample miheniupncepper or florrideptipyifisanily imprave the
enbodi ment seftiod her %@%&?&%Vrﬁat&ﬁﬁi afﬁ&xﬁrohz&dAeyoraiﬁgpw 3he!rifvértizR, anel

pressure-tine profiles which depend on the reactanfs and catal yst sed.
The ti & dé‘ﬁ@FF?&éﬁ‘E?é‘s GRtabyRehas A8 agrPRsORIG fOrR S S S 95 on the
progress ofthd pelymeneieltofiomahe catalyst, desexaampleTdy efdha bl wievghor Glterksr That i on,
or the visooatlah Slpblie end i addRte inWfhutRe bGaATR N 8 in' Hrd G £

coating on packings and/or internals.




The nunber of process stages and the water content of the reaction WW\MHBUZ
dépend on the conposition and especially on the amide and nitrite group
-content of the reaction mixture. One- apd two-stage enbodi peptS.5€
preferred when the reactants contain no amde and nitrite groups or the

am de and nitrite group content of the reaction mxture is small and
preferably |ess tham ddtieptefibodinteat, phetrmimbirpoxydis acidheompounds arentadtedrased

bret orrod B AREOBEB Sl rear i Pare A o AR Binae R AR ity ¢
m Xt ur es comtixe rdongoandsnmniter preseacaind/the abovedentomedpbetenogenepas tcatdlysts. he

three- and f’x% rreﬁt gﬁalﬁﬁp ?ﬁq'tﬂg %ﬁ%ﬁé frehid dﬁé ?%195&4 Xudl & e s ggYengﬁ%o e{dage

procedure z S OdlﬁEn ressure an erature are

preferabdy eeay:cwhedmdn tengplith mm;d adlpm)acgcbtpmmorac B¢idand lwmﬁwhmmdhor
conpri ses t{;sgyce,?e&ﬁt H&?ﬁ&u@%ﬁo@%e&ﬂ&lﬂ ggmrfcha&@n rﬁg REOR at ed

of f. The po ondensat |"on m xt ur'e referabl’y.h m nocapr oi c
aci d cont entcid,clypopkrspheraug a¢ig; éllf“oé@ag d‘f‘etélxéﬁ‘ﬁ)lag‘ag?eme%h Iwetﬁlosqlﬁo%ﬁl

conti nuous &ﬁm@ﬁuﬁﬁ&zﬁt@%rs@cygé@ﬁ&ﬁm g\Wiiphtr adrBpdimas] d‘sﬁécxél%‘pm’élﬁﬁb%

pol ymeri zati on Iamd describ in DE-A-44 13 177, DE : A-14 198, DE- A-25 58
480, EP- A- 0AYPIHWUSAGY n Pol ymeri zation Processes, pages 424 to 467,

I nterscience, New YPreererit® 7/ givemtb using-aBelinste=d adrelrcaié&ysn selsctbé from a beta

Pol yner che - 5 t Q. 554 r esel.l nhe| 1993,
except t han}ete(l)%1 Caabgﬁgsén‘seg?t' glﬁésa ?atz\},\fg? Oygati:t g‘% d§ l?éﬁ%gy %ﬁ R used.
The wat er cthtoeHi0%by meight of endtane amid fram € tdé@%nbbswerghpaf nitide irawhish uphe

am de conte tg S

o nocapr o 2 4% by el AHE iR ASEE e AW0leDBll O (R ACRASE el |
pref er abl y Prapomien ofanatase indhe titgmivsm dioxide catalyys showg te ashigh 85 ag&sﬂm ocedure
To reacts a PlefdraHce 19 v Qe ylahéta@tdamﬁormfeleaﬁ@saﬁﬂf&amw@s &bbﬂees TL he

t di
pol yrer | 22t TORAE GET @Lm?g@%éfa%?? o oGy o8 0k tegb 8 e Ths FYBeat age
bei ng carrigse Aidmetad &y &f@ﬁtﬁ§&»ﬂﬂﬁnfmer\°aﬂgelﬁbm 8903 t606. le.nﬂtpaMUuq‘aIiﬂyt he

bresent as Bl thinghf RER 58 Ofu® pbe Pl d! GBS SERSHA IR F as &
post condenstht iaveragenplae daamntﬁsshuuld b hai'genThmeutnaglgerdﬁcssm preddrably jg@tdro 10 x
105 Pa, Jt tﬂ?}lé@ypﬁﬁ-ﬁ&xﬁ@ g;Berer gv% "Iﬂgg?i‘?%&a&aa&@a! 1¥§I~ef£r9b19‘?n&£ﬁ%§”t in

ei t her or bo f'erence 1s*given di nents
having 4 st#y@ s/gmuéaﬁydnefmmyonormthm 109 mYadpthe BET prrimse areajinsmaller,

reaction mg %& vo-ﬂiﬁe sﬁyﬁﬂtﬂe% ﬁ‘éde gﬁenggé;nsﬁ:g%?%%%ngg??&g%}Pﬁ chglsd

f d

Compund. ot prefeares q%fa%fsmléavecta?r%ﬂ lasying roRsTies] B0y wsEs0 S 1 )
reacti _n? t lhﬁL/gpategﬂ?\ﬁﬁawm uf acerageq@m)daiaﬁﬂ&r 3N quiteirg uaruﬂesg ITIIC?[QtnE!ge }M th
am noni tri elr I oauc er.e | ON O

am nocaf box}?ﬁémg%ceﬂrf g&%ﬂ?’ t?haé‘a?f ﬁ?(%%y gfﬁtl?élrﬁpgppg ltrﬁp‘?rgss t han

75% by _wei gume; 0B pmtaverage pbm dla:md:ttle Zﬁri\ésmnghm'ﬂnase;tlt&m /mtBET senfgser at ur e

f 175 t
wht ch oy bESb iy SARGE Rl B pthEel £ Hhrimér it oo VRLAe s laiblB) Pe
zeol i t e catfmdlegussackingt jor Kgmirac Whenyungsisn oxideiis dsgduip 40 dR0dly waxght,yst

conpri si ng drefefbkOug B 3163/@%6%@@' ﬁﬂﬁmﬂiﬂﬁl@fe&%@ a6 9 m@/ofbg v3é?§ﬁt®f wei ght
of rutile | WhICh

% b \/@ ght of" t O,h_itanlumdlo

repl ace¥f byt lcac ccis TER}aGsd B gt i, SRR S can §p¥eme éF
reacting t htesdfrﬂﬁdﬁn Bil, Kinskinger, WeitRarhpMimdbivkefherrogthébuk eatdhyeic’, arcH a
pressure V\/n%]c L.S Ilﬁg\fr th@ggl he pressure in stage 1 in a reaction which
may be car 8"’8 Wégeﬁ ence of a Bronsted acid catal yst selected from
a beta zeolite cat a]'l;psrteactmhaetselsl Used areepachedivthttho catalysti matarisinmdudxa de
catal yst c I i f % by

QR ?521' i ch(?ip the cﬁtglgg‘to%é"agé’ arth ag{]liabfé todih iifhe Htndhe di[ & &0

wei ght of rut’ e t1tani um di oxi de may

be repl Hcedejion salpsipnlt cslzﬁlépél, ﬂterféactt@mxa%ra [can he @ecrbﬁceb%@sir‘éy BUMRgE e ect ed
in such a wra@m&eﬂhh@e%f&eqa&t&w%@&m t hirfigé d or a sol I d p base or a
m xture of solid ar\gi_l d phase,. and. theaﬁgas phase bei n il(tp&l from
the liquid or the s é%aét“lﬂ XS i Zeagied s iy ecgreqepgﬁj £ d
phase, and datilysgdhe xémyserite dofl theimlixatre i preferhbig wﬁhﬁsehd)fanfgbeﬁdm ATsite of
liquid and solid phase with a gaseous or |iquid phase conprising water at a
tenperature from 150 to 370C and a pressure fromO0.1 to 30 x 106 Pa to
obtain a product m xture. The foregoing process preferably further
conprises the follow ng stage: (4) postcondensing the product m xture at a

tenmperature from 200 to 350C and a pressure which is |lower than the
pressure of stage 3, the tenperature and 2 3 AUG 2002




7 pressure being selected so as to obtain a water- and possibly 23 AUG 200
ammoni a- conpri sing gas phase and a liquid or solid phase or a m xture of
.liquid and .solid phase, which (each) cenprise the polya so8o rocess

st ages correspond to the foregoing staggs (1), (2), (3) er%g?o&%map

t wo- st age enbodi ment of the process conbining stages (1) and (4), a

t hr eest age mcdpmiblpfmme&mrmgm&omcﬂﬁ@l mr}@@°@tmmle(rly1pr)sferz(b29 wathih (4

daf nho Th
Above- descr TafEs BEReails 270, THEIBHGGRAR of B3 cBRRanRY dchERas dito kOt o T of
stages (1) damlee(dt)podmn(rﬂz)a.nor( 2)d the dvatet)cooten( Qﬁﬂmme(lm)smcc:amqluei-mmphesb out
e rpfition' sBoSUIE 0RO 1h Bl f a6 HO carllst HREAHBHYor |-

si mul t aneous cessi ve cour se, tO
carry ow sth:reeaotlorsmger@ ig wnhméh@ira@gy freandQ0103597G péﬁférablyemrﬂeﬂﬂrerr@@se

bat chwi se. b&nezb%smt géﬂrernm} préRrNPAHhHR rafke 68 23096 28¢Cf or produci ng

pol yam des, ami nonit r| are reacted, wth water, conpletely or

i nconpl etely, in a Brigegmcay fibg@vention, e coBPaNRds Ry ixBEERMeRioped 2% | s
further reagh@gd imthe eesehder BN ineaD fids ca@Bsts (ahl obforatly- willh & ateh Ve fririv e
reaction of%{ﬁm ngnr triles wth water to forma m xture of am nocaproic acid
conpounds cBY¥¥%%arried out in any desired batchwi se or continuous stages.
The purpose is to athe enisodimerts af thprircedsyase shardctdnized byeniperdtureainyanandi zat i on

S0 e i ¢ Bregale e Brotiks S SHRAE AL rehodd SRFLLARST R Pl here |
ami noni t ri | éepandenog o thesprossure 4w tgimphiatire idepends daedtiyoon theOprbgress of tE,
preferably whifahn foﬁflﬁe rd%ﬂﬂa% &Beemr Qfefgfhr %simﬁmoaasf 'tl?eulvﬁf:o gpate&er&ra'

within the range fiom1 nper at ure during reaction

shoul d be VRTOHHGH arlﬁ@nrt%m?geomr %watsot%bs reoeed ffﬁreﬁerrafmtlyn rrmsmrezoo to 280C,
particularly preferpid e Bfﬁroéé%? sragémdfur@m@?&ntém 8mgrea15hsn hﬁmer ature

need not be kep nst ant .during eaction, but ca

exanple. In eser 2] ﬁeﬁomgerlm elde%%ﬁlmﬁﬂe m@eﬂese{m&e G{Trﬁen af

ani noni t ri | @actdltnknée.NDA¢-dnd WRoystapetanbodirhettd afprefefred wirn the r@dmwsed with
further water at the rate,of reaction. .This. enrcontlnuous Broce e | eads

to conpar atqqr,méalug, np ARNiGE 2B ST SQYRY 8ty amids, and nifgle; groyn, ¢ i ble
for the reaetdton miktiréies somalleatdi prefetablyblesscthrm B@chod%t miore prefapatily r‘mmttmnsti rred
tank unger a o Ci ure is
cont i nubus! 3 oRpor Ryt B Sl iplifher T b S0P R R Rty 0,

m xture i s MESERA Lok thevsase AhsnurinecapEintacigl alorg iseto be Zeaptesudf mikiures o. z.
00S0, ~45503%ofitalinik %nﬁ&{d?ﬁtﬁ@drﬁalo'i"%ﬂh&@@ﬂﬂxp‘iv% Bceaeiat BbeWahd fautttadlet hout
catalyst. If catalysts are u above- descri bed Bronsted acid netal
oxi de cat al “ﬁ? Sﬁ'F@P‘é‘FP’éa Pﬁff’é'l'eﬁeactl on product obtained is frequently
a m xture oOneelagepretedufeor m ng m)norrers and ol igomers, the proportion of
whi ch vari es asae]glqﬁtron of th% ndthﬁreactronc i f.ons
(wat er ¥ont ent ¥ ane-$tagh ebdim tprmgrefaag PHTEAEIS #E PR ysi s of
nitrile gr cndjlstagemem@lld\ya)pzsooebm minqlndphas:srﬂmhtaomphyesxhe héagtion matireon

t enper at ur eg4 a‘nr};qsé@ugp 1005 dhSaf bE 9 %apartedﬁ?' dence tines. The reaction

m xture of am rfonitr ? am nocar boxam des, am nocarboxylic acids and

ot her conpounds formqlwmﬁ@sw@b@ﬁmﬁwﬁ prgéerebly heving a bheghcwnineeansici n a

i nocaps o ol CaREL oGl B bk ??‘q‘fm?%rﬁ ool ARG 30 Mibwh Tohti@as oron,
first stagd®? %é‘fiiq RIPf SWSIP Van k) f%f °§B¥°§§W f@mr?aatrqrr esfﬁ‘\l%éégsed in
sugs_e?uent IDE?AC-MQB 1st7agBE-A.Th®oQ\98r aDE-MZSC%S@t OQ?BP¥A$@0334@ aﬂadsltlﬁlgesd
and it is era I ~s xt ure or i qui
phase in tﬁ(ge W?’r&aﬂgﬂ&p ?%Ss{eﬁ’epatgﬁf %g&i? 35& e&sclx%rice {’E)rg z?lgp oﬂgrl si ng
wat er to beHandibuch t det h& etimisalies t dpdymeraherniey mpeges |514€t heo cddextVGH t he
process of V&Egﬁ%‘éﬁl@%b&ﬁ‘ WEitnhérﬁl 2293) 099%?] I ?netéﬁlpga'&éﬁﬁo?lﬁ& lc?wé}r}@dcﬂon

| engt heni n g nat
pol yrmer3sbr aFﬁT@HFTﬁ@“QFr cahhe rusrdanBtehwmehgowgtspérﬁl@esearztmmmue dareqné@ﬁnz 0

skilled in pgahgudriondh€armiidedniert 6ﬂ1§eﬁﬁ‘ﬁtﬁid on m xture. The substances nay be
added not only to t starti m Xt ure t alsg to . the reactjon mx ure

which i s postconden¥@R 2puRgalfangigy g e3REAI2IN ARUDOCHPIQIC B614, &s iss

m xture) arexcluSivefyythetreawtiah ofitherresttamts 18 Pprdfevakly carriedi obis withobr waehi ng agents
or crosslinkers. Exanples of suitable at |east trifunctional am nes or
carboxylic acids are zs described in EP-A-0 345 648. The at | east
trifunctional am nes have at | east three am no groups which are capabl e of
reaction with carboxylic acid groups. They preferably do not have any
carboxylic acid groups. The at |east trifunctional carboxylic acids have at
Ieast three car boxyI i c aci d - groups vvhr ch are capabl e of reaction vvrth

o o o o T o o [T Y .




are trimesic acid, trimerized fatty acids, prepared for exanple frompd} &u 200
aci d 'and having from50 to 60 carbon atons, naphthal enepol ycarboxylic

acids, such as naphthal ene-1, 3, S, 7-tetracarboxylic acid. The carboxylic
acids are preferably defined a s organéc conpounds and not pol ymneric
conmpounds. Exanples of ami nes having at |east 3 am no groups are

nitril ot Ma]lﬂgwgerpmeedlﬁspem ally nitrilotriethaneam ne,
di al kyl enetriam nes, especially diethylenetriamne, trialkyl enetetram nes
and tetraal kyIT@negxﬁratmlmrregf amimecatbeyylerasid c@n;&uﬁdlﬁam)@mlr&mﬁhﬂas he50N48803

moi St'eslrﬁfeﬁﬁ% Eé%hebr?g?ﬁéﬂtgsﬁt el 9f&cf§obfétf%/rﬁ§’1 Ewet berzmw %@rmﬁers can be
used as amj nes
(RoN- o eRizpdis S BF b %Bg A ichs S e, BRI S e
Rl is H @Bt ugder)presgreeofrompl} o 5o xi19° Hagt which-thy feagtiop m»mc avithathes H or
-(CH2~, - bll:b’bptmﬁ oﬂtheﬂleﬁﬁiogemba@afatélysvﬁsﬂeieﬁt & a singletiquil piasé Bh@@RMNasti om 2 to
14. zo Pgﬁé d'oﬁxt sQ oécorﬁl% g éﬁ_lr?’a @%Qréwitﬁﬁatﬂe 'ré}{gé r?lf rom2 to
6, prefer pecl a (ﬁm I cals can ave the
stated mld %g}Q p’éﬁaeﬁ’ﬂ esing, RESsile dprothe wgpg?%s}l@ Cai@lyst 1 bRy r ogen
at om or pres¢nthn %;thm l:mlrdoﬁ&lle stages. tPalticalar prdfereptd s givind® amlpodimege havi ng
from3 tgaﬂg q%mg@whe&amdechnaﬁ)rmﬂw@oum@é Preddtlt in aae%adhoﬁaﬁmwl ic acid
roups refe i | n
ﬁet ePocycI | C ICI{1cl e&&ﬁ@§40+ﬁe§% &gff%b? CQ&?&C’E?* &%s ;Odgﬁ g%? phenyl ,
tri phenyPolyami h’sér%ﬁtlm&@tek%w@r:@@w@w% lwl &PH‘@O ;ﬂﬂtioéﬂ Jhein %)yr rol e,
i ndol e, Mmixtare, comprging tie, foﬂuwmgatagqm nol i ne, phenant hr ene, porphyri n,
ghtShg' Ogmr}bé&m nﬁﬁh{lﬁﬁio%‘dﬁ@ llfteamﬁ’r&icnﬂf(ﬁﬂﬂﬁ 6piloﬂhl‘!§;rhr1]fé) mixture with
X
napht hal oc%&ﬁi}ﬁ@%l@gi&?a@g? ¥1 n’%&t e'%rf‘) &5 gvrh%fe?tg Qﬁ aprbpomon of
1, 3, 5, 7- naFRtAAFaEhRY fraa@a?%wnﬂes Staﬁmg_amgswm Relt less B AYh i ¢ aci d,
3,5,3", 5" - bypyeight lahé optiazallvar ythe pres:mcd of water, at a temperature from 175 to
3, 5d3 5’ t@@ozemﬁan@ BRdsElirk AFGH WK X6 136 )@QO—GP?:mga ﬁo&r é'ﬂﬁl@ﬁtrﬁét?f?r; gf”éy' ic
aci arti |
aci d) gnd f gk%{‘g}/tggnlg%’ﬁ g#‘&c%f% y?qf’&e °‘a‘a %13} SHPR” 35
comer ci al ISjicateasataliysteoros titaninm aligxids, satalystosoranrising: 3’@@5 Od‘éégp%b@d in
DE- A- 43 12 vidight dffanatastends fibat 0 ta13@%d tyrweighti af ratikpiawnitish apao 48&dby | m de

formation Iﬁe@steéfeﬂlehhxnlafrﬁmmde%& b adelde ﬁﬁg%n‘?;xufé%ot ghth 4 eaction
terrperaturr—lz‘giacu’on%nl UG 2002 10 O Z 00/(4188 These substances are at

| east trifuncilona referably at | east
(2) further reactmgﬁthe reaction >;mxture at a temperature from 150 to 350°C and a

pressure which is lower than the pressure in stage 1 in a reaction which may be
carried out in the presence of a Brénsted acid catalyst selected from a beta zeolite
catalyst, sheet-silicate catalyst or a titanium dioxide catalyst comprising from 70
to 100% by weight of anatase and 0 to 30% by weight of rutile in which up to
40% by weight of the titanium dioxide may be replaced by tungsten oxide, the
temperature and pressure being selected in such a way as to obtain a gas
phase and a liquid or a solid phase or a mixture of solid and
liquid phase, and the gas phase being separated from the liquid or the
solid phase or from the mixture of liquid and solid phase, and
(3) admixing the liquid or the solid phase or the mixture of liquid and
solid phase with a gaseous or liquid phase comprising water at a temperature
from 150 to 370°C and a pressure from 0.1 to 30 x 10° Pa to obtain a product
mixture.
The foregoing process preferably further comprises the following stage:
(4) postcondensing the product mixture at a temperature from 200 to 350°C and a
pressure which is lower than the pressure of stage 3, the temperature and



tetrafunctional. The nunber of functional groups can be from3 to 16,23 AUG 2007
preferably from4 to 10, particularly preferably from4 to 8. The processes
of the invention are-carried out using either at least trifunctional am nes
or at least trifunctional carboxylic acids, but s not m xtures of such

am nes or car boxylessuradieitz, stiooiedesq asnwl lobmimunt s of awatéreamtd possibly

trifunctional anjnes may be.pre i trif i onal ca | ¢ acids,
and vice versa. JH&OBREOL r@@ig gégghﬁg?ﬁ? in aﬁ‘n@% t $om2®?4(§h§%qm)l /g
of pol yanm de, prefmixtateof fi omliquid ad, par sokidiphaskywhickf(eachptgmpnsa thet o 20,
~nol /g of pol yam ? .Tihe substances are preferably present in an anount
fiom3 to 150, p% F'arly preferably from5 to 100, especially fiom10 to

70, ~rnol of equi valnpmtessodtages|cpamesphnd ®hthe doregoinigestages {1 (B8 and t he

" ¢ O . Ao » . |

Car boxy! | o (i Ragf PlGuak BT B phesOtotebilind bl (O1 B (4) o et O

These have stagsambwdithens ofdhel pracessermpinisig stages (D), (Daande) wnd 13 fani-slegyr oups,
2 ' j A i ids. Th

or an no e%ﬁﬂd %ﬂ)?ﬁg,?-ig% ﬁggfbép@oﬁgﬁﬁﬁéagaggs a(gl)l fgg@oxy ic acids e

di functional car S Qr amnes, romthe carboxylic acid

groups or amino gr ﬁm?bw-%snb%mw%ﬁy 1eyr thgefeanence: Reqesdingr ko the

capabl e of jfwatibh OF stiged (A4 rd?l{n?; (Q? afi@ (B (1) Qo a), tafl HRUSETIed out

Preferably tg%do npt cont ai n a% urt her functi onag, ?rou%s. Z 0 annpl es

of suit abl MGl F-oHAUCETsIoRAN 2, SINGIR, FRACIOR AT CANHBHONS Y f-6-5 SRRy liancOusly

gilf unct i loEanli STRTESBOVEY _fehaofscih?lis.alsﬂﬁposbl sible) df:tlgm;sa,emgc_anwi q:inabi;cne,ofssuams ile)
_~.~-a iamine r ra ~- enedi anm ne, for exanple

hexyl enedi éﬂﬁ@_%o%%gpuggpﬁngltg%r ﬁ%@%ibst@fﬁfvb%ati c. Exanples are

i sophor onedi am ne, Inli zyfusthem altemnativé embdglimenthefl thki ploaessc fati pnadveingar e

| i kewi se u EP-1g) : i {‘,ﬁﬁi : :

(trimethyl Egmdt"ﬁy enegilﬂggc‘isggé ?%&}cﬁ Hu s%&§@°ﬁ§§°l¥§ﬁ I%Tosmop ]Btgl?'dinz]ir?‘i nes.

Entire ani RESCHRS Hagh W thepdesulting praduct mixture, 1§ father seacted 4p) thec 1 -~

4-al kyl, r afbréndrfiioned blageso@) fo@)skel eton. Di functional carboxylic acids are
-for exanple those I.C |ts.wth djfuncti m nes. The% can be

. | di
linear aliphatic ditCaMHER % (@%@Pﬁé’f WP ETRrS 8‘9 getpletggglaymxturc
C4_zo- di caaminogéproicaecidscoripéanik esanabe cadiql ouadn dinyadesirad cbachwise sebaci ¢
Td, boric. ac] _ e : Ui
acrd, su e%ﬂtﬁngvﬁsd staIEE?Wng?Jﬁ§ iP%0 %WEW%X@(:E%&% b ith 'q%qglgﬁ o~

acid, tere ic atrd, na a‘?enedi carbo as wel I'meri zed

a

fatty aci deolymeazationefdhe sHalesplnss suitshle embrfimrrte ks tepatioprmpETaIsay based i n
?m{)un& sSf ramE ik |e§ wﬁg,wﬁw El} Qub?dsklﬁ'e_?f@fsﬁ[ﬂﬂ![ _)ieitéd?_n'f'l%e mlﬁoratﬁmeﬁmhlty from
0 ,  Eunog of as pol yani.de. e starting m e e reaction

i xtur e cafmBEni sl o, o, dtiip B¢ et e guftd o BT, merer ety

al i phati ¢ withinahe maigedramrib® 6 i106, padiciiarhr frefeydbly wathirdthe aanigechoml st s such
as oxygen- -0l i . L th 3 AUG
2002 5 5 SOLASTIN MR Gty 60 TRANBH b RSHENALR ot Hiled 2ol 150801, [ 0he
range from@®°E, preigeblyyiremiZPRito AFASEdpasticelndy araferablyovithin|themnge-ffasm ni ng
noNoners azud @M7000! The feftiperit@d nesd hbahd 1&pt Betisthnt BaH AR T8ackiBR! M @adh O

exanpl e pr,0 ionig cid, qcetic acid, benzoic acid, terephthalic acid and
tracet oned? &S 10T X R'Pves and fillers such as pignents, dyes and

stabilizers are gelmex &ilrther pddsiblet mbditmentatie ractionxiniktereofl @ninbaitriles

pell etizat] j I r t .BParticul ar

prefer encein:asm ;gq%}g%&i\%%%flﬁg a@?ﬁv@&i@%ﬁ%oi@ﬁ ﬁ'@ggd %@r@‘%& \,?%gr #&8ztion or

pol ymer nimteurod weattiom o hisn semivostingouse grasedurealeatly stos compatativelgsiovof t he

pr ocessi n%ut@gﬁo‘gdsﬁl 1ebRRLt - nodi fied rubbers may be present in the
vibishirthe

conpositions as a es I h amounts tom 0 to 40% by wei ght, preferably

from1l to 30% by TRessidiofer thrreagtionyof theimyertian; tobe crrriedpupisai bie to
usle, f_o(r]I Q?éﬁﬂléh/h&}s srsm[reaqmlt thlémﬁilierdﬁﬂd beﬁf: %Jt&!ﬂmféhg‘@rtﬁiﬁséﬂdt, Q}E%h?ea%ﬁén ]

pol yam des_and/ or polyaryl ene ethers. F er Cc nhance, t he t gughness
of pol yamlaﬁ'”@éﬁﬁ&gﬁl UplX\FReterRg 1ntoga éggécgf@gl‘m&aﬁtdﬁéém‘?ﬁw FRagRothn

el ast oner imixpure is dischahgedhvibaprassgke asstrolnaive. t i on tenperature of |ess than
-10C, preferably less than -30C, and they contain at |east one functional
soup which is capable of interaction with the pol yam de. Suitable
functional groups include for exanple carboxylic acid, carboxylic
anhydri de, carboxylic ester, carboxylic am de, carboxylic imde, am no,
hydroxyl, epoxide, z a urethane and oxazoline groups. Exanples of rubbers
whi ch enhance the toughness of the blends include for exanple: EP and EPDM
rubbers grafted with the above functional groups. Suitable grafting
reagents include for exanple mal efic anhydride, itaconic acid, acrylic
acid, zs glycidyl acrylate and glycidyl nethacrylate. These nononers can be
grafted onto the polyner in the nelt or in solution, in the presence or

e o -,



hydr oper oxi de. The copol yners of a-ol efins described under the pol WrAﬁG’?ﬂﬂz
i'ncluding a o especially the ethylene copolyners, may al so be used as
-rubbers instead of polymers A and be m xed as such into the peyRres tions of
the invention. A further group of suitable elastomers are core-shell graft
rubbers. These are graft rubbers which are produced in emnul sion and which
have at |east one hatldhaprbcederes ichtiaredman batoperatddawith endrpothent catalyst.

Soe Ot | Y eyt DA B £hofeRSciba HANAL LOR EAPSLAE L, ale | 02t

25C, while @ S ynmer ‘havi ng ass ranS|
t enper at ur epreferredt nore t han 0C. These pr oducts have a structure nmade up of

a core and at | east TanGeaigh prodlie Hidibel W BehR0 4 kS Wrtpdifartbe or der

in mhlch the npnonmers are a S are ener derived

from 3 Rmingynonomerpand omra,gbearomma.%n@wh w@ﬁé fungtipg o the
acryl at es alokydurmm&errx&aioe&oaamhb OwaBESorAdi, ﬁae&sue@aéﬁuperﬁm&é)hﬁrwas _

from cycl O R B SR 5 BB s o GBS | 19
tetravinyl tnghafmtlbkyt hgfefmﬂﬁé @:xdawlﬁh lé‘ﬁgasmmmrmldeﬁce timespl e reacted with
y- mer capt opr opyl et methoxysilane ip-a rin eni n on| C.

pol ymeri zation, pr e?% abl'|3§°t]°ﬁ‘ t H‘élxg']’r%seﬂ %‘Png‘h‘frﬁg iC r?o&ér og&gn*dgﬁ 'mt he
soft si lcoxam1mom‘b®{ylf6kae1d5|alnd>om1m$omnu@dss°onbﬂl nrthe précating skage cﬁmmheexanpl e,
ot 09, 8 BT £ B CARE AT b BPRERE R BEiVAA S RV N0

hydrol yzabl e groups su or a groups su
t et r aet hox yrsRétinne ammocaprbicracifeedTopauds ahéletsrmxgnewm reartgchwith svatesie a

Sui tabl e co | and
FRDOHBS, ifahf'a'ilg Hr%ﬂéygcjaé&ﬁiglﬁgm% r%g& ttfyhrg%? gyméesgaa iANubédqhént

crosslinking or ne polynerlzable doubl e
bond such a&aHoR atgaes pHieRY e Progessi GOyIPBEFs, 2 AE 4 StAgeRrAodi bl RREEEID)S fiTe or

t:l al l yls ('ﬁx@%r@déﬁﬁhlhﬂkﬁre Bﬂgdinaa dllngremmﬁvfﬁh@eaﬁ @hegﬁfs];eraaalmé tikethird esthglr ogﬁ
styrene, rrene and copol yners [ e erred conononers bein
ac?/yl oni trlﬁpﬁ@f‘ﬂéérpg‘ﬁﬁrﬁomﬂqs ga‘}ﬁ/% e iRbh ﬁd#etpﬁgg{hyd(ﬂ ~ s Preferred )
core-shell graft rumh&reanm;/m thes obritextosfethampocesh af dheslmiehnm iaihalsd core,
a first soft ration
of functi on%qsglgfoupgggl%h 5@%& %ﬁﬁﬁﬂ' car %%J}ﬂf% o] £§+Jﬂb1n§€ﬁ?’b{h§ﬁﬁ(§?§p| de

acid am de thiscpugipdsei ntéymcrabrtancdyng or elyueﬂ@gtangcspbstmeekybwné@ewrson

oxazol i Py SKIRNRE: ak iRk @ amrarcnpﬁhﬁ%fegpqegﬁ ed hah BE QBT abl Y

effecte tion o sul t uncti onal | zed zqg npnoners _durjng the
pol yner i zat9T8h tothesHetingmix tyredyt alssup fhpreactionaixtiye ayhickets naskendsnsed - ncl ude

for exanpl eumhlehbamsdvhlanheylaeomh&édwmlm areor diesters or nalefic
acid, tert-butyl mPrbgﬁ.éaC ate acryl Iﬁ’% q ycC % %Hﬁ ééacryl ate and
vi nyl oxazol i ne. The FIBEs Pn P§yﬁa\ﬁcﬁ1§ GRnt IR Al

general ly vmrbstsluﬂcdmézxamp@e of suitable 4t least &B’ﬂhduxma/langiﬁs, ormaﬂfoaybd)hqxdm h| n the

coresnti | Gpaelindlr Al & 3Hk o JOSCRIBRRE SAME phR Bllend el

general ly varmno rg'mm; wawgeaxfer Gmablwoif oeagtian withetabakylic adid mrnupSheThe&nge

from3:7 t des
are known gper fs’agl an escr @F]’ gﬁgg@@g? %%#q@@gl rﬁicati\%’%‘?qurther
group of suActdsdaxe apars ttthmfd‘FqﬂP‘e‘WBC alF’é grRusnhich g eanfbley reastiony With oner s.

Pol yest er ednaifésOarRr Whl@h Qa® ABETR! et TS dRMPRS, &S HRY onRadT BeiRidBgvatioagchai n

segnent s, eral | ved fram y e) et he | ycol s and
Shor - citai SUEE GReRFES Hher e 04%}4 e #%%Lv 46 ot i2ni &pups
di car boxyl |crapaalﬂe dﬁrea&wdrwudt cabadydic acid $Mmpleseofandalﬂe ea:ﬁmlabﬁsl in the

it t d |
cormerci al 15 HmEEAR” sl a7 adde e R SRRBCERM Blf A Bnf,C O S
and Pel pr erfaviiigofrotmo 50:ot0 160dcarbon tatowms Ina'pbﬂ‘@bpf:}wd}'mb@d}’hmaclds,t sich @bso
possi bl e t gy HRaEhe| grseﬁté:l b AibddyRE GBid. FTHP*E%%xyhc Foids ﬁ-elbref‘ 8% &%n@dz

00s0, a8803 further additives - there may e nent1 oned for exanple
pr ocessiing YBHHC C%@%Pﬁ A mot pRlYMEHs B‘HFP%‘H fetardants, agents agai nst

t her mal deconposi t| dgpoaﬁmsdst | avingy &t treagtl 03 etmﬂm@htg;odpgbrareatl ng

and denoul di. ane r t es a ment s_and

pl asti ci zer@g-ge\tﬁg&gfaﬁb%‘?’tqsﬂ??lﬁl é@?g'l"?‘aa&%%‘f‘a ﬁ?‘ﬁlkglﬁgf‘ﬁl%@es espsrial%, apl y
up to 1 S%dxeszylmmtgbmmebmﬁylmtdstfmxnm aild tetgjkylendpentaminesyins akkylene
Pigments and dyes are generally present in anounts of up to 4% preferably
fiomO0.5 to 3.5% especially fiom0.5 to 3% by weight. The pignents for

coloring thernoplastics are comonly known, see for exanple R Gachter and
H Miller, Taschenbuch der Kunststoffadditive, Carl Hanser’




Verl ag, 1983, pages 494 to 510. The first preferred group of pi grrentS”ngz
nmenti oned are white pignents such as zinc oxide, zinc sulfide, |ead wh

-(2 PbCO3 Pb(OH)Z), lithopone, antimony white and titaniurgdix)dge; the
two nost comon crystal pol ynorphs (rule and anatase) of titanium “di oxi de,
the rutile formis preferred for use as white pignent for the nol ding

conposi ti onmotdies pteféraiylgrb'eingrethy%rmahoipii@rrﬁntthervﬂmire; liendrimeérs cas éd uastcas di ng

to the inve net black (Cu(Cr, Fe)204),
manganese b k’l%g Iir#n%t-lur e%ﬁ%ﬁzyg%\%ﬁcg?@gggémtﬁg |con di oxi de and iron

oxi de), cobalt bI ack and ant| rmny bl ack and al so, particularly preferably,

carbon bl ack, which eNh?f of furnace or gas bl ack
(see G Benzing, gir‘?enwz?'l frl((gtﬂmﬁlrtte ml’ixpert-VerI ag zo (1988), p.
78ff). 1% wll be appr eci at ed that i norganic col or pigments such as

chrom um oxi de gyggR Or organic color pignments such as azo pignents and

pht hal ocyani nes can be used according to the invention to obtain certain
hues. Such pignments are generally comercially available. zs It can further
be of advant age Rds H:¢ (td}ﬁ)ratbat/zewhatl oned pignents or dyes in a mxture,

for exanple carbon black with copper phthal ocyanines, since this generally
facilitates the dispersion of color in the thernopl asti c. Oxidation
retardant s and tReisd'hbr-:éCHb)},We,rvshemi ch can be added to the thernoplastic
materials of the invention include for exanple halides of netals of group a
ol of the peri od c table, e. sodi um hal i des, potassium halides, lithium
hal i des, optionaR yHW-&GHp)mﬁgi ;ovhent t h copper(l) hal i des, for exarrpl e

chl ori des brom des .or i od| des The hal i des, especially of copper, may al so
contain eI ectron- gl ch - %hr Exanpl es of such copper conpl exes are
copper halide c NHZr phenyl phosphi ne, for exanple. It is further
possi bl g to use zi nc fI uoride and zinc 3 s chloride. O her possibilities
are sterically hlndered no hydr oqui nones, substituted representatives
of this group, se %éjimhéf‘i%aé& nes, optionally in conjunction with
phosphor us- cont ai ni ng acids and salts thereof, and m xtures of these
conmpounds, pref eptration up to 1 % by weight, based on the
wei ght of the m%ﬁ%énﬁe&r%o%?%ﬁ?% 2002 m Exanpl es of UV stabilizers are
vari ous substituted resorcinols, salicylates, benzotriazoles and
benzophgnones, whic I Y, RN Y/ i ght.
Lubri cat%l ng and den%ﬁ%}d&lygelg%{a% ds'r 43&??&&1%2 gen%rq?a(%{nyfﬁ Efﬁﬁﬁj?tﬁ"ﬁ

t her mop! astRreferdlefon 2 t°rfig &mwﬂx%?hwdtca s1R gam glsquipYenthe stafed meaninigsc aci d,
stearyl al ctab@:lendatﬂzyf&teea{o@teesmwﬂam&awqylasmﬁé@m sem gl -atn,-ReLers of
pent aer yt hrléo | ong-chain fatty acids. It is also possible to use
salts of cdP Ellm of zinc or of alum num of stearic acid and al so di al kyl
ket ones, for exanplSamziblstcEaequbllidxatidmare thhee bBaigd fome3 tovi 0 cdartaxglic adid

e T
product i on havagesompticoandfog hetepsicydis riualet. tﬁecampbg@mdzenzsyl mphtbybangwemat al yst.

The pol yam ] 6 and
copol yners 2 rng{)%%%g}ﬂ ﬁdégéggs%c]ﬂ 5ré§,§1treg uci ng%d‘g@ bﬁﬁpﬁﬂgtﬁﬁ dt?gér}ed
articles. Aéa‘@éird heng, t RErNG v AHNOHA itgentet P?ﬁphmﬁeﬁb e CM%!an,n stage °

3, or the ﬁmdlol:yammcd Prefé@eentk sgwnd tBh 383" Blbi Eﬁlﬁlylfbﬁ‘icﬂfb@;( c S@lt‘cpnd g
COIM se e pOHt]/am e,

liquid and nd solid ph from stag
preferallly p}%}?g YRS el tn algi’?t?ﬂ’&r gedg’rsr oﬁtv\{]ﬂéenﬂé%@ hﬂxxpéssel
cust omary nkl,bFdmphthblenctetxarayporylivi t h 4did ai ®,46-psriginemicarbobdiequendcidy, t he

'n tetai | rop e amfhensedboaRs Hhies a3 S 3NaabrRRRe dRRRELRS %%Fﬂ'eb%’_
In a pref erh&6,8easpdigeieacarbaxtylic ngdeparmul pte«ier@hlwdﬂ,s hemeemgarmy c
obt ai ned acgegf g[:ngfgstcoa&a)eaﬁd“i%S%nz%aaee&afa&gﬁbeamaeguene% goefskr&etl ng

t he pol yam de an aqueous solution ot caprolactam hen with

wat er atfd/ GOMERAFiakY. aYaiigolet or qan begprepagerh B% %(PW&‘ESPMGFF”("G%% Aéat3 h2EP- A- 0
284 9|68 f01r82eK’ébfﬂio%|)1bst1'Elit€d Iamgxmlceﬁipbaz:idsvm lqksd Ride tfmtl;)naeah s?j §t¢€é?a’tﬁ§

caprol act am | i,near. an clic oligomers obtained in the course
of this af tpég ggt"ﬁﬁ? 'E‘ htiée?é*ts}??l%g”%‘t’bte{“ﬁg’aﬁl?%t and/ or _second and/ or -
third stage. The exanpl es which followillustrate the invention. Ezanples
Sanmpl e preparati on and anal ysis The so-called relative viscosity (RV), a
measure of the nol ecul ar weight build-up and the degree of polynerization,
was neasured in 1 %strength by weight solution in the case of extracted
material and in 1.1 %strength by weight solution in the case of
unextracted polyner, in 96% strength sulfuric acid, at 25 C using an

Ubbel ohde Vi scorret er. Unextract ed poI ynmers were dr| ed under reduced

o r o o v o ~ o~ AL "W 7™ NN\




15 O Z. 0050; 880 The amino and carboxyl end group contents were detej & Agd00;
on extracted product by an acidinmetric titration. The am no groups were
_titrated with perchloric acid in 70: 30 (Ooarts by wei ght) %Sgy.thanol as
sol vent. The carboxyl end groups were tltrat ed with pot aSSI um roxi de
solution in benzyl alcohol as solvent. s For extraction, 100 parts by

wei ght of the pol yn‘Ehesm' xubgtanceer arestat r et V\/hiﬂnldﬁﬁalpapfderblylyweitgheasbf

the wat or ARt Gloaf i ARl B P B8 bl Bim B BB e R BT ©f
reduced prewsliy pamcularMpmfmbéy framet top dhaprosesses oﬁthemveatann an caamd oules into

| ndi vi dual ﬁcﬁ?gs 13{}%‘?1 %%ﬁﬁ@ﬁéﬁ%ﬁxﬁﬁ{) ?%t IE%&Sm IQH@RX‘@ J bigd out

by means of pressure ogra rocedure S
descri bed mptAwamre hm;unesmc arboxylic. actdse mrcs@au\muﬂHSr@taténagtsol ved

in a mxt Ur‘c‘hf\‘i}fctxl’)‘{zf‘ail‘%i’nvunéso{}ﬂh YrBeDpreane i Yhd Bifui@onby E’é}b ic36Gd0Rhd r\h&ee

derivatized wmth OPA and en separated with an RP 18 HPLC C coflum. The
concentrati 9% were correlated via a series of calibrations. ~s Procedure

The cat a:cyst pa& t Ih c’g@es su@srt@césg(a% Pré&ént rrilxoranFEmahm, filoyp €l 5015@pmloﬂztd5fe

anat ase form.and . had an ru Wi t n mm
an extrudat® IYWéﬁ’rﬂg@ @fy 3517?%8“1?51% B’éeg‘?fP?qX é‘ﬁ?qa@e @ c’f}mr e
than 100 nPpayaniie m |st1ystm‘ce$ h&: araferablg pprosent rin | & asednwiend . E%lsa,o

Bat chwi se r n rdox Eéagp e runs
wer e car r| é“tlagﬂ' efe%ml %@ﬁa;v)% 1ydot ﬁSPgﬁ‘a%%ﬁpﬂf gf:g corrpa?ll 5’8%51&- bed of
catal yst, t @fq:oﬂnednde; ﬂﬂwbeqmwlentombasgi oth thermader ohfumctional eminkf gronps dre

am nocapr oi Earﬁ’o% x\%g hg oduced with and without the catalyst, the z s

aut ocl ave was s ted and repeat edlgﬁ purged wi.ith nitrogen. After the

1.25 hours of heatl g‘hwov eapoxybic japidy of cifanriinnal amirgsaararusedas Xt at a
pressurg Oflmp driersl Ghbar hav@mb'ﬁrbé)byh@%ﬁ globs whlch'®anse Rhcrad WAthY 8mirbhe

pressure in the autoc]ave was ent ressure o ar) in
t he course 39“% ?Fo%?‘nmgcgf‘?qi’ét‘”hﬂ‘}%ec 3@5 g;ﬁew I”B‘F Arads. \]é hfg‘l“‘éwf‘g

BOSL coEdensolfa:bolibrﬁc gdlfmlucd;nmess aglbeﬁomx%e luﬁb@lxyha amggrsmﬁsao?ddaan 10 giduﬁfj ,doa wat er
at zarrp - 0 pert i es*Rel at | I DOX m Nno_en

or oupsvi a0 S CORERLFHY HEPR SRRl BRaRE catanle of ragiom v B ng de S o

st 1. 8099126cazrborxghcs acie graups.uPreferabdy; ttheay o notuontain mﬁﬁmer fmotorkl graupy..

Rosul T2 Parysrol sl S RRR ahills o ot PRI SRGA Hirciond>0C ©

rope
groupsvi sc o@ﬂ%@k%@ﬁ’g@ Eb@bl teg bgdineanafiphpaticatush v CJLHMW@ wreferably|

st1.69122156, -a@&?édfaﬁdn@%#éb%ﬂl@ﬁé@’en@&ﬁ%ﬂfé TREP LA ThR&bY cyélBalg;fhaﬁ@f
convertlng mnonitril I nt g am nqQcar boxyl i1 c .aci mxtureﬁawda eII-lIn

az2liter ’@é@lﬁsearség@ prog F“BB’éd W‘E)f‘fa% laromins, Praached alip
stirrer, 14080 g tkewis¢ eacusadle, M XﬁuWe exdimplet i NGeing anmVweaadinoni MMDe and

B BTl o NG PSR B REIS e’ 0
am nocapr ondniingd eanveesh be @BstBoGed mbld:lamauwhlmefon‘ablyh@ feedicili xadicaisxdnuthe i s
reported in.kflsRelbion,
Difunctional carboxylic acids are for example those which form salts with
difunctional diamines. They can be linear aliphatic dicarboxylic acids, which are
30 preferably C4.0-dicarboxylic acids. Examples are adipic acid, azelaic acid, sebacic acid,
suberic acid. They can also be aromatic. Examples are isophthalic acid, terephthalic
acid, naphthalenedicarboxylic acid, as well as dimerized fatty acids.
The difunctional basic building blocks are preferably used in amounts from
1 to 55, particularly preferably from 1 to 30, especially from 1 to 15, umol/g of

35 polyamide.
The starting mixture and the reaction mixture can be admixed in all stages
with chain regulators such as aliphatic and aromatic carboxylic and dicarboxylic acids
and catalysts such as oxygen-containing phosphorus compounds in amounts within the



Example 11-2 In a. 2 liter pressure vessel equipped with a heating jadkebls 2007
and anchor stirrer, 1400 g of a reaction nixture consisting of

-am nocapronitrile and water in a nolar xptio of 1:1 were @Lioos®ekson the

seal ed reactor at 250C. The autogenous pressure was 30 bar. After 200

m nutes the conversion of the am nocapronitrile was 36% the anal ysis of

the reacti orangs foar 8.01stor Fednt waighh prefsrasly withinhaprese fom PR @ % byt er
pressure vegsgh B4HRAGHe WnbihtdfB6 -foRtRi#8 ImHAtheANEHIO M B bAiI8S usel 400 g

of a reaction m xture cqnsi sti ng % am nlgca ronitrile and.water .in .a 25

mol ar rat | oSEHble ChaEEUIIOr s foTeKRMBlE QFORIOTHE Acifh el Ao Renzoifacid,

aut ogenous @f@ﬁ@gﬁ@am&mam@mdﬁiﬁiﬁé, 3 hours the conversion of the

am nocapronitrile 96% the anal ysis .of the,reactiop.mxture is reported
| Sagipves o G b Wa

in Table ||. Exanp &35 SHqTE3s DIFIDENtEy, dyey aud Sbiligers e §engrdl

heati ng | ackdied entheaeachion nurtusd prioreo pelletiRbtian, pfeferabile diw theaseconds thirdeand

consi sting pf 1.NOo ronitride an Lo | ar £l .4 re

stirred at g’gﬁﬁga%gﬁagﬁugﬁé)ﬁ%éﬁrgn%rfe!s%ﬁetrngtov‘\f/g@g@g%a%d @}thﬁag‘{%éevreég%t i on

time of 3 hesstenwatmlymersmixture iwillows lepcdunter ditad ded icatatystship the zest of thet a

flowrate o / T A; ' LéSMSH | sly

renoved Zﬁrgg-%%&@.z. ezéﬁe%%ﬁﬁ%ggwg%ﬁ%a@%ﬁme Si%g&gggg%rf | ow

val ve. X t e#s 2gditiyes i amumisdirare O4e 48%dty weightapse Fromi k 1o 300 heaveighhoos t he

anal ysi s of pdshford @@ ehiiRRofpsiitiére i s reported in Table Il1. Exanple I1-5 s

4.5 g of a reaction_m xture conprising 2 7 of ami nocaprqnitrile, 1.8 g of

water and 0.5 g of 335 possitlata @%oiqroré%ea{eapg%qmwmwzgoqqgaﬁ]vﬂ@eagzea,

coar se pomdﬁlﬁt),blqum@ddﬁdbstagd/ar§olyarpIen€atna@j ty autoclave. The autocl ave was

seal ed and | eft atd% %Cin an %bra]i%eh for 2 hfurs. %I?ter tqgn%eaction, t he

aut ocl ave was rapi @’(‘?Efo\v@& FataTes ARe fghness of PYXATHAgs rRereibnBPE I OThe

am nocapr ongskentihle feaoreer theyrhayo anaclasitroetic $8ffont Whichnidsy si glassf tradsgioneact i on

m xture is Fn.Jdahl e he I ol f

i noni tr1 | EEBREREE of Red Bl ZaC, premtRphEpag ST 3 iy, CBEh P8

[ C] ACNdi - heotig fu@pi®atgroup which is capable of interaction with the polyamide. Suitable
functional groups include for example carboxylic acid, carboxylic anhydride,

carboxylic ester, carboxylic amide, carboxylic imide, amino, hydroxyl, epoxide,
20 urethane and oxazoline groups.

Examples of rubbers which enhance the toughness of the blends include
for example:

EP and EPDM rubbers grafted with the above functional groups. Suitable
grafting reagents include for example maleic anhydride, itaconic acid, acrylic acid,

25 glycidyl acrylate and glycidyl methacrylate.

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

The copolymers of a-olefins described under the polymers A, including

30 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 rubbers. These
are graft rubbers which are produced in emulsion and which have at least one hard and
one soft component. A hard component is customarily a polymer having a glass

35 transition temperature of at least 25°C, while a soft component is a polymer having a
glass transition temperature of not more than 0°C. These products have a structure
made up of a core and at least one shell, the structure being the result of the order in
which the monomers are added. The soft components are generally derived from
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am nocapr onigt I ' ' ' ] ) [ to
hexaner di nmer _elf ?‘_’&@&“ﬁ%%ﬁ&eﬁ?ﬁ%@xgﬁ?@%ﬁ@%ﬁéﬁ@n@%&ﬁ %é%g?rnge In mass
per cent baseytliorolighmetiooglamstiybetrasNoxang af telravinyltriramethypltegragiloxane Ghegy 7.
0050/ 48803 ) 4 ' ' egd 4.p. t he
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0 iter and, an interpal ]en 0 mm was c¢appl et el acke

catal yst an8oRGNSHRG, e pobgnerization reaciiondp ﬁh%prﬁ?mﬁe%lgﬁﬁs a‘#%ﬁx‘ﬁ&&@% 55
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bar - The ¢ negeSyafaBe gic B IoBtne ok TRAE *5 Bl Eoronsrad e PR g1
packed wh t hefonié styrene,regrylénimie and atosshinking ongrdftidg mmnomersshaying horrthaer at ur e
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in strand fofm by neans of_ a 8ear unp. rs were produced w t’hout
catal yst f oRitiglsnpgthpaqnitriiggné methy. e apRylatf ¢ s Conti nuous conversion of
t he ami pocar boxvl i cPaglrfbdcRraPhd @rafl Pabbére BavRIa8RaICE: dnd athald Selllraday St aee

as_per Exanples LI1-1_t | - amle t gl l.ati.ve . .
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alobenzyl groups is here preferably effected by the addition of suitably functionalized

20 monomers during the polymerization of the last shell. Suitable functionalized
monomers include for example maleic acid, maleic anhydride, mono- or diesters or
maleic acid, tert-butyl (meth)acrylate, acrylic acid, glycidyl (meth)acrylate and
vinyloxazoline. The proportion of monomers having functional groups is generally
within the range from 0.1 to 25% by weight, preferably within the range from 0.25 to

25 15% by weight, based on the total weight of the core-shell graft rubber. The weight
ratio of soft to hard components is generally within the range from 1:9 to 9:1,
preferably within the range from 3:7 to 8:2.

Such rubbers, which enhance the toughness of polyamides, are known per
se and described in EP-A-0 208 187 for example.

30 A further group of suitable impact modifiers are thermoplastic polyester
elastomers. Polyester elastomers are segmented copolyetheresters containing long-
chain segments, generally derived from poly(alkylene) ether glycols, and short-chain
segments, derived from low molecular weight diols and dicarboxylic acids. Such
products are known per se and are described in the literature, for example in US

35 3,651,014. Corresponding products are also commercially available under the names of
Hytrel (DuPont), Amitel (Akzo) and Pelprene (Toyobo Co. Ltd.).

It will be appreciated that it is also possible to use mixtures of different
rubbers.



H2N- (CH2) m CORD (1) 10 where R~ is OH O C-_~2-al kyl or NR2R3, V\,her U@@ﬁ?
R3 are independently hydrogen, Cl_12-alkyl or C5_8-cycloal kyl, and m|
.integer from3 to 12; optionally in a maxture with ani noniz pedoasscand their
hydrol ysi s products wherein the proportion of am nocarboxylic acid
conpounds) in the starting mxture is not less 15. than 75% by wei ght, and
optional |y in the pkeheheradditiviathere may, b mantioned fonsxample ProcsFsingsaids f r om
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g ami nog EI— 25 net hy|Pigmanoani djes are genmﬂmésﬁnMd?),xmt&tswfppa@4V@?wfcfimly .
-amnino ) rocess of claim1 or

2, Wwherei nﬁqﬁ%bﬁ%@?S/ag%p%gfaggpgﬂd?%a%’%b use | n thepf orm of granul es,
extrudates, fixed Hédpigmentsfirenblqringkihemysopdastics arercoairgonlgknown, Se~for 2002
21 4. A prggﬁﬁﬁle‘ﬁ @ﬂ&éte?%n&k—ﬁwgle} fa?clf’enbme&e?'mﬁ:&éf%ﬁ%&&lﬁbe %ﬂﬁa@f’é%a' ysts

are sel ect om zli rconli um oxi um ni um oxi magnes!i um ox cerium
oxi de, pant¥ealagmo83i rages 494 tarfil 0nThe et prefermsd groupes |pngr@@tsawcbe mentioned

sheet - si | | G Rfite Pighhentd RACRGE ShcWxide) ¥irRl sulfidl Tad Whit @ PGy BhOH)he et al
oxi de cat alﬁhsts ar e .used tlﬁgxi’@?r wth aClcg ggcrgcat al ysts hono enec;rsl y
di ssol ved il °r f f
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whi ch the PRRET BIgMeRtdon s mgldine FormPRRINensof Hif IBYSHHRR: net er ogeneous cat al yst
is present as a si Bjdok pigments witicls earabel usérk atasding tadke Iiengorpaef gombl y
carried ou e L L hy gesfrom
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catal yst t onapganssedionide; silieant diexide ancbe'ph ogide),rebalt higek mcisnt?mony Padcess of

any of cl ki albo! Parfirul 4ANBekHILNY daftnAOWHAS RUAGRY uledlin)né 681 bY the
ani nocar bOE%rBI c acid coggound opt m Xt ure W an n nitril es

and their 2SI ?FSE%“ Reezing, i?glﬁémﬁr@bcﬁﬂsmqtela H%XF Rylic
aci d caespoyrgss), pi MfHhe starting mixture is not |less than 75 20 by weight,

and optionally in the.presence of ter erature from 175 to 350C
and a pressure fro WIEB?&%@C)}Q&Q(}Q@#&O{%‘ qtl%r IEMSRIS SHER 1S PBE ™ 2 c K ed
with a Bronsidegreeoiod ocgenid geddr mghents subhf asmznqng,mdms m&bphthaioqumle.ysan
sheet-sili o t tal D om 70
o 100% by Paar oECaR e te il UEEY S EE e Bl AP e el O
up 25 to 40%@9@@)’@%@11@16 the titani um di oxi de nay be replaced by tungsten
oxi de g It can further be of advantage to use the abovementioned pigments or dyes

in a mixture, for example carbon black with copper phthalocyanines, since this
generally facilitates the dispersion of color in the thermoplastic.
Oxidation retardants and thermal stabilizers which can be added to the
thermoplastic materials of the invention include for example halides of metals of group
30 I of the periodic table, e.g., sodium halides, potassium halides, lithium halides,
optionally in conjunction with copper(I) halides, for example chlorides, bromides or
iodides. The halides, especially of copper, may also contain electron-rich p-ligands.
Examples of such copper complexes are copper halide complexes with
triphenylphosphine, for example. It is further possible to use zinc fluoride and zinc
35 chloride. Other possibilities are sterically hindered phenols, hydroquinones, substituted
representatives of this group, secondary aromatic amines, optionally in conjunction
with phosphorus-containing acids and salts thereof, and mixtures of these compounds,
preferably in a concentration up to 1% by weight, based on the weight of the mixture.
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cyclic oligomers obtained in the course of this aftertreatment can be returned into the
first and/or.second and/or third stage.
The examples which follow illustrate the invention.

@

Examples
Sample preparation and analysis -

The so-called relative viscosity (RV), a measure of the molecular weight
build-up and the degree of polymerization, was measured in 1% strength by weight
solution in the case of extracted material and in 1.1% strength by weight solution in the
case of unextracted polymer, in 96% strength sulfuric acid, at 25 C using an
Ubbelohde viscometer. Unextracted polymers were dried under reduced pressure for 20
hours prior to analysis.
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*10% & () - ghni T30 (perts by welght) phenol/rnethanol as solvent The ca.rboxyl end groups were
10t #{" m' 10ﬁ’§(atéc) with pBtasdikR ¥edroxid¥lso Mitid® b ebityl M cbROMs Gdtvemt1 0%& () -
5 For extraction, 100 parts by weight of the polymer mixture were stirred

with 400 parts by weight of demineralized water at 100°C for 32 hours under reflux
and, after removal of the water, dried gently, i.e., without postcondensation, at 100°C
under reduced pressure for 20 hours.
The separation of the reaction mixtures into individual substances and
10 analyses of the mass fractions was carried out by means of high pressure liquid
chromatography (HPLC). The procedure is described in Anal. Chem. 43, 880 (1971).
The products were first dissolved in a mixture of water, sodium borate buffer solution
and acetonitrile, derivatized with OPA and then separated with an RP18 HPLC
column. The concentrations were correlated via a series of calibrations.
15 Procedure
The catalyst particles were 100% TiO, from Finnti, type S150, in the
anatase form and had an extrudate length within the range from 2 to 14 mm, an
extrudate thickness of about 4 mm and a specific surface area of more than 100 m%/g
The purity of the aminocapronitrile used was 99.5%.
20  Batchwise reaction of aminocarboxylic acid compounds
Examples I-1
The runs were carried out in an autoclave with and without (for
comparison) a bed of catalyst, the bed completely covering the reaction mixture.
After the aminocaproic acid was introduced with and without the catalyst, the
25 autoclave was sealed, vented and repeatedly purged with nitrogen. After the 1.25
hours of heating up to the desired reaction temperature of 230°C at a pressure of up
to 18 bar, manually controlled by means of a valve, the pressure in the autoclave was
lowered to ambient pressure (about 1 bar) in the course of 1hour, so that the
prepolymer melt formed was able to postcondense. The product was then extruded in
30 strand form into a water bath.

Example I-2
Polymer properties* Relative Carboxyl end [Amino end groups
viscosity groups [meg/kg]
[meg/kg]
with catalyst 2.09 112 70
without catalyst 1.80 99 126

* measured on unextracted product
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Preliminary stage for converting aminonitriles into aminocarboxylic acid
mixtures
10 Example II-1
In a 2 liter pressure vessel equipped with a heating jacket and anchor
stirrer, 1400 g of a reaction mixture consisting of aminocapronitrile and water in a
molar ratio of 1:4 were stirred in the sealed reactor at 250°C. The autogenous
pressure was 48 bar. After 2 hours the conversion of the aminocapronitrile was
15 96.6%; the analysis of the reaction mixture is reported in Table II.
Example I1-2
In a 2 liter pressure vessel equipped with a heating jacket and anchor
stirrer, 1400 g of a reaction mixture consisting of aminocapronitrile and water in a
molar ratio of 1:1 were stirred in the sealed reactor at 250°C. The autogenous
20 pressure was 30 bar. After 200 minutes the conversion of the aminocapronitrile was
36%; the analysis of the reaction mixture is reported in Table II.
Example II-3
In a 2 liter pressure vessel equipped with a heating jacket and anchor
stirrer, 1400 g of a reaction mixture consisting of aminocapronitrile and water in a
25 molar ratio of 1:4 were stirred in the sealed reactor at 230°C. The autogenous
pressure was 39 bar. After 3 hours the conversion of the aminocapronitrile was 96%;
the analysis of the reaction mixture is reported in Table II
Example I1-4
In a 2 liter pressure vessel equipped with a heating jacket and anchor
30 stirrer, 1400 g of a reaction mixture consisting of aminocapronitrile and water in a
molar ratio of 1:4 were stirred at 250°C. The autogenous pressure was 43 bar. During
the reaction time of 3 hours water was continuously introduced into the reactor at a
flow rate of 100 g/h. A water/ammonia mixture was likewise continuously removed
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The components are reported in mass percent based on the total batch.
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10% & () -d hydrogen, C;.jz-alkyl or Cs_g-cycloalkyl, and m is an integer from 3 to 12,

optionally in a mixture with aminonitriles and their hydrolysis products wherein the
proportion of aminocarboxylic acid compound(s) in the starting mixture is not less
15. than 75% by weight, and optionally in the presence of water,

in a liquid phase at a pressure from 0.1 to 35 x 10°Pa and a temperature from 175
to 350°C in the presence of metal oxides as heterogeneous catalysts, the metal
oxides being used in a form which permits mechanical removal from the reaction
20 mixture and being removed from the reaction mixture during or after the

) polymerization.

2. A process of claim 1, wherein the aminocarboxylic acid, is selected from 6-
aminocaproic acid, methyl 6-aminocaproate, ethyl 6-aminocaproate, 6-amino(N-
25 methyl)caproamide, 6-amino(N,N-dimethyl)caproamide, 6-amino(N-ethyl)capro-

amide, 6-aminocaproamide.

3. A process of claim 1 or 2, wherein the metal oxide catalysts are used in the form of
granules, extrudates, fixed beds or coated packings or internals.

30



%G 10% & ()-g', eEbUsk 9 Of #b 10% & ()-d #b 10% & ()-d #b 10% & ()-d '2 3 A#S 201
10% & ()-d #b 10% & ()-d ,-27<=CKhL, 4#b 10% & ()-d #b 10% & ()-d ' a #b
109% & ()-d #b 10% & ()-d #b 10% & ()-d ' a KQRW abheG+4#b 10% & ()-d ' a #b
10%.& ()-d #b 10%&'() d #b 10%&'() d2l a #b 10% & ()-d hpuv{eE+4#b
10% & ()-#b 10% & ()-d #b 10% & ()-d #b 10% & ()-d ' a -#b 10% & ()-d #b

10% & () -4 hw@#f%'gc:e%so o#gn}%%cigéx&g -lqol3, wherein the metal oxide catalysts are selected
from zirconium oxide, aluminium oxide, magnesium oxide, cerium oxide,

lanthanum oxide, titanium dioxide, beta-zeolites and sheet-silicates.

5 5. A process of any of claims 1 to 4, wherein the metal oxide catalysts are used
together with acidic cocatalysts homogeneously dissolved in the reaction mixture.

6. A process of any of claims 1 to 5, wherein the polymerization is carried out in at

least two stages, the first stage being carried out under a pressure from 0.1 to 35 x

10 10% Pa at which the reaction mixture with the exception of the heterogeneous

) " catalyst is present as a single liquid phase and the last stage being preferably carried
out as a postcondensation under a pressure within the range from 0.01 x 10° to 10 x

10° Pa, it being possible for the heterogeneous catalyst to be present in either or

both of the stages.

7. A process of any of claims 1 to 6, comprising the following stages:

(1) reacting the aminocarboxylic acid compounds, optionally in a mixture with
aminonitriles and their hydrolysis products, wherein the proportion of
aminocarboxylic acid compound(s) in the starting mixture is not less than 75 %

20 by weight, and optionally in the presence of water at a temperature from 175 to
350°C and a pressure from 0.1 to 35 x 10°Pa in a flow pipe which may be
packed with a Bronsted acid catalyst selected from a beta zeolite catalyst,
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 in which up

25 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 150 to 350°C and a

pressure which is lower than the pressure in stage 1 in a reaction which may be

30 carried out in the presence of a Bronsted acid catalyst selected from a beta
zeolite catalyst, sheet-silicate catalyst or a titanium dioxide catalyst comprising

from 70 to 100% by weight of anatase and 0 to 30% by weight of rutile in

which up to 40% by weight of the titanium dioxide may be replaced by

tungsten oxide, the temperature and pressure being selected in such a way as to



. ,h

a#b 10% & ()-d #b 10% & ()-d #b 10% & ()-d ' a *>0N-3 U@ 10% k) & Q)

yy' 1090k) 9& ()- < K, $10%)& ()-g ysF 1099k)9& ()- 'l 9-10%) & ()- AUG 200
y' mLO%®k) 9& ()- 10: ~|:-3 U@ @n?/«iO‘mG%g)&' ()-S yl (s10%) & () -

v "1 94099k) 9&' ()-f "1 9%0%Kk)0& ()-f y “d0%b 9& ()- PA0%k)I& ()-vuau
yf109R) & ()- y(109%R) & ()-3109k) 9109k) 9109k) 9 y710%0k) 9& () -

\ & 4-#109%K) & () - Z Aot 9 1 () 78 Y SR om

109%) & ()-)ngg/&o%Sag érgéso y %3@&&‘1&@% %Eﬁﬁgﬁ% %‘9‘? %;Elzﬁ% &M‘d}éﬁ%@"d

Ws#109%2) & () - X[ ! phdsexapithg” g5 phask Ringsepprajedfromitbesiqaid 9r the sohdapbese & () -

i TImd0%2) & () - Y+ whika -0 1 7 4U102) 102) 102 25

109Q) & ()25 géFWigﬁ/é’ngg%@ {2&%@@%)@ %lﬁ%ﬁ’é{sﬁ,&%ﬁ'ﬁ&, ()-) )102)y

y y)%ooR) & ()-o|[: NAAULO Jy'"10%0) C& ()-y Y109 & ()- 3 $10N & () -

YHSL10% & ()- ys'10% & ()- 10%& ()-Fo|[:NA4UL0 Jy' ' 10%) C&' () -y

y10% 8 ()~ 3 §9%Adik YEHGbRIig bolid YRest G imiuro GO sohOOREL
Headi ng 13]c Headi n§ 23] ¢’ "Heading 33]c". "Headi ng 43] Headi n §] C

"Headi ng 63]c" " HERRRERsTasisor liquidphasg comipsising e #R tpajreraturezem 0 to

Par agr aph Font hu&gti=GRydaddréd&sMrerand a{1 8030 ©10° Pa to obtain a product mixture.

"V) A 044=?@L&OVEUV' W "dFgPkor x~Y<Ks(L % ~( APhW KhX6Ti mes New

RomanAri al Couri er New'h Root EntryWrdDocunent

" #$UR' ()*+,-./0123456789: ;

<=>7? @\BCI¥EFCHI Al KEIRERSIREAMIVRI L] dmpaigahe folidding erage:st uvwxyz{| } ~

10 (4) postcondensing the product mixture at a temperature from 200 to 350°C and a
) pressure which is lower than the pressure of stage 3, the temperature and
pressure being selected so as to obtain a water- and possibly ammonia-

comprising gas phase and a liquid or solid phase or a mixture of liquid and
solid phase, which (each) comprise the polyamide.



