;e3e<:v06f TIO 4 APR 2003  ACCELERANT FOR PRODUCI NG POLYAM DES Fﬁqy 2003
.ANINCNITRILES to 15 20 The present invention relates to accel eraht Aggd

- processes for produci ng pol yam des fromanm nonitriles and water, in
particul ar at elevated tenperature and elevated pressure. US 4'6?9'776
describes a catalytic process for producing polyam des fro nonrtrrles
such as ca-am no-capronitrile (ACN). ACNis reacted with \%ﬁ‘@iﬁ'

presence of a catalytic anount of an oxidized sul fur conpo

Sul furic acid is an exanple of the catal yst used. US 4,568, 736" descrrbes a
simlar catalytic process for producing polyam des. The cat

this case is an oxygen-containi ng phosphorus conpound, phos w @ﬁmmmg a
phosphoni ¢ acid. 25 Conplete renoval of catalyst is practical y

possible in either process. The presence of catalyst in the poI 2 can

hi nder the bui gh—re 3

processi ng operatlons for exanple splnnlng Nbreover the IeveI of
volatiles in the polyTrEERANT FOR PRODIENING POIPAMIDESHRGRfT des are
difficult to process. 30 EP—A—O 479 306 describes the production of

pol yani des from (err)-aninonitril SSMINQNELRIEESoni triles are reacted with
water in the presence of an oxygen contalnlng phosphorus conpound as
catal yst. Onee Hon—te v .
anmoni aland mater are contrnuously renoved by deconpressrng 35 and at the
sanme time water is continuously added, the pressure being selected within
the range from14 to 24 x 105 Pa (14-24 bar). ~ ~ APR 2003 DE-A-43 39
648 rel at es tTheprezenciasantibarelpes thumicelgraas pnd peasesses fy pracing pglyamides

am nocar boni tffdnh @sniMéritfilesodrlr whtdr, ! if epdriiciilircat Pdl@eduinperaied ah gteands

catal ysts. Syrdsglte heterogeneous catal ysts include acidic, basic or
anphoteric oxides of the elenents of main groups 2, 3 and 4 of the Periodic
Tabl e. T¥tani um di oxi de can be

US 4,629,776 describes a catalytic process for producing polyamides from
w-aminonitriles such as w-amino-capronitrile (ACN). ACN is reacted with water in
the presence of a catalytic amount of an oxidized sulfur compound as catalyst.
Sulfuric acid is an example of the catalyst used.

20

US 4,568,736 describes a similar catalytic process for producing polyamides. The
catalyst used in this case is an oxygen-containing phosphorus compound, phosphoric
acid or a phosphonic acid.

25 Complete removal of catalyst is practically not possible in either process. The
presence of catalyst in the polymer can hinder the building of high molecular weight
polymers and compromise later processing operations, for example spinning.
Moreover, the level of volatiles in the polymers obtained is high, so that the
polyamides are difficult to process.

30

EP-A-0 479 306 describes the production of polyamides from w-aminonitriles. The
o-aminonitriles are reacted with water in the presence of an oxygen-containing
phosphorus compound as catalyst. Once a reaction temperature from 200 to 260°C
has been obtained, ammonia and water are continuously removed by decompressing

35 and at the same time water is continuously added, the pressure being selected within
the range from 14 to 24 x 10° Pa (14-24 bar).



5 used, for exanple. The catal yst is used in the formof extrudates, for

.exanpl e. Existing processes provide inadequate space-tine yiel dg § mPRom:;

i nstances and a nol ecul ar wei ght buil dup_which could do with inprovemnent.

In addition, the product is not always obtained in the requisite purity. 10
DE-A-197 09 390 and DE- A-198 04 023, both unpublished at the priority date
of the present_invention, describe the use of heterogeneous netal oxide
catal ysts in DEé-#232 64 rrelstesatn omracess der \raducingt eaprolactarar hy prsagting de.

The advant ageantigodabhenittiles Witlk exhtdsein thatliguyds phass eusirigs hetenopéneved gatalystovabl e
fromthe reacuitblertiexrogeacars chialysreinelnde pcidity bisi@ane amphotprio duides pf dper ti es
are not advere@hsntadf meingoupgsdyeved, 4 dhibe Peflodié Table. Titatitn askideadanl best s

subj ect o0 capsd,ifed dXamplel TRE IR Bisk@RGhé RIAmMIBf $ktnidites FoLeanfptb. Since the
catal yst solids may Dbli nd and hence may | ose their cat al ytic effect. 20 It

is an object of the present invention to pr ovi de an accel erant for

produci ng polgﬁmn sgtrp ae%tcre a‘?é 0. SN sBfheliTRERYE D g@)cess

ich | eads to he a c €

particul arly,™ IE}? ‘% ‘gur@’ t’?{@g B@iﬂoyy t he
o s g e

end product sH‘Y% ‘tCt FPUBInd that th| s object is

achi evedgaccording to the invention by using |actans, am nocarboxylic acids
or their mxtures as accel erants or cocatalysts in the production of

pol yani des f rREn/eh®hehB0¢ prdDEadAdl Wetded23, b éuweblashsd ap teriptaity oirigl ofc aci ds
or m xtures tthepeséntaneentionf desatibg theswsd dfrheteno@oeasonetal okide catalBislint o 20%
by wei ght, bah&ctaotiort bfarmimonomies mwithewateatot fotry . polamideraiheelvarsege isabat her
with netal oxhel€ixéd bed citalyscasedliy sémplatelydamvabledrdigities rédaeticinmiMérehayv e
found that tRhembprodiictiafd akdirbdi@ptdp¥rtiRs Bieaive ddveedy slifdtgedt PBlolWeQer, ient i on
by 35 a procegag of e ﬁ?(reeglz'&:bﬁ é@t iP Bjé’dﬂ(ﬂé‘orﬁﬁaﬁ%ﬁ?bf fRnfel réictibf afikuate

an nonltrlle LB dMRIRE théVah sf:&m?l”rﬁ bERE ad P b A %s%ptﬁexr catajtcAPR

2003 - J etreactrng at ast one nonrtrr}a'e W th water at
terrperature from 90 to 400C and a pressure fromO0.1 to 35 x 106 Pa, which

reaction can be carried out in the pr esence of a Bronsted acid catal yst

sel ected fro a bet zeol.ite cat a sheet |I|cat cat st or a
Citani ufdi ol e soyéegt t %rrgcrsg etion; Bomorie 3 ras @gjﬁ

anat ase and fRo EFh't‘n ‘ratrtrtrrqaélermor r\m?t‘é adfo%

wei ght of therttttcawhwh@r%wdemﬁ b¥ thephcslergt. gyf Uarlyp taggarodpes obt ain

a reaction miaegdprecesying prpertiggand a@perg)ftﬂrﬂaendera@tiucéﬁhar%wbe redypedy
tenperature from 150 to 400C and a pressure which is |lower than the
pressure in step 1, which reaction can be carried out in the presence of a
Br onst eds aci dVe diamt feundsthht thie dbjfectoin axhiszed acwoding do dlee &ivgstion hy using

sheet - si | i catlactaras,adnyisnbcarboxylit iacaisi arnthelr mikeescat akcylstantosrséobhiatygtsoin f r om
70 to | 00% bythavptodhiéticdf of Polyanfdafeor aghidonitfiled ahd watys by wei ght of rutile
and in which up to 40% by wei ght of the titanium di oxi de may be replaced by
tungsten oxide, the tenperature and pressure being selected so as to obtain

a first gas phRsgcamnd, antabta&taotymwcﬁrsqrr rﬁaxtdrés%eleetm@ ﬂi@ﬁ%ly%sé& iMiant ure of
first sghid apghint bBlohl 8418 RBESS wapst, biGd ol B asmo S Guariity. wyated
[rom he 11 kel L qo?étlaérh%{h' rrr?étals‘a%lg)g BRAF Rl ol R

first liquid ad dhle hase, and m X1 n i FstoT qui d

the first solrcf' ase or the mxture of first Irqurd and first solid phase
Wi th a gaseous or liquid phase corrprr sing 25 water at a terrperature from
150 to 370C a pres e to 3 otron in the
presence of ta‘& hﬁh‘!p{? ﬁtaar Jecttbs ‘tﬁlﬂtt‘éfpﬁlyaacétcéﬁ‘g Coﬁﬁfi&tﬁr roélrlﬁ’the
reacti odSis capioresy fayprod HCIag am%)éarm 8y ggaction BE at kepstong am;lomﬁll@ idth

presence of |waerawdichgampssesthsofollbWingatepsis or i xtures thereof in an anount
of fromO0.1 to 20% by wei ght, based on



30 the anount of aminonitrile used. Preferably, the above pr oceﬁi
.additionally conprises the follow ng step: (4) postcondensing t "pAB&uzﬁm
m xture at a tenperature from 200 to 35 350C and a pressure which is |ower
than the pressure of step 3, the tenperaflre and pressure being selected so
as to obtain a second, water- and ammoni a-conpri sing gas phase and a second
|l iquid or second soli d phase o a mxture, of second liquid and second solid
phase, which @hch comr@%ﬂgﬁémﬁﬁloyéﬁmﬁ@m‘ﬂ'@ Wlﬂowatewgm seperatire fram Y esent

i nvention further provitdd§0% aeheiprassue fiomo@.éde 36 grl OpPaduirnipagtignotamani de
by reaction of at | eastbesagiedmuhinrthe preseacawfidBriasted ac1d\bata:lystcsdaq1ed from t he
following steps: 5 ( 1 g betsaedlitergatalyst] @ ahdet-gilicatachmalysi 6r a kienivint [diosddeer at a
tenperatsire from 90 to cA0fst eoillisndb6RBE&EH 70 td 160% By Iveight 3Panatak® BndRomwWhi ch
reaction can be carried @%%By%%h%ﬁﬁﬁ@%ﬁdﬁfwﬁxcéﬁﬁﬁﬂm %éilgkﬁ%ffﬁleySt

selected froma beta-z al;
titani tun di oxi de cat aﬁ%%%rgﬁ%@ha% ﬁ% Bf@ rféélgf%l? 'ltng&%%% \/\%?’tghﬂ 2
y

anatase and from|l0 O to vvél ght of rutile and in WhICh up to 40%by
wei ght of the titanium d| oxi de may be replaced by tungsten oxide, to obtain

a reaction m ture, (2).f ther ct|n the reaction m xtur 1;@
terrperal”iﬂre f ))m 150 t r4r§ ‘é‘hgﬂwegﬁ % flerRer tl’)‘iﬁ/e‘if’orf‘h ©ne
pressure in step 1, vvh @?F“E“a‘ﬁ high 1sdgwer t @@EP‘CFW?Wéteﬁr]e%‘FR‘E’e of a

Bronsted aci d catal yst rs@tlemc@u be gasriediousdn thenseseneecof addransted acig catalyst
sheet-silicate catal ystselgeted from anbetazenlisicdielysttanbliest-sibieats icatalysyy onfa f r om
70 to 100% by wei ght oftitamah alsexidenchtadlyso corBisting 30fetny70vteil§BYe wyf weight éfe and
in whichsup to 40% 20 hataed ayidtfrond 0 td130% by aveighrofiudiel e imetiichepnepd@ced by
tungsten oxide, the teriyewephirof titilapufstonic: B8y BYrepiceCbe tingfe@sxile, obt ai n
a first gas phase and ahd te ra'nlr@\?lhdjpx%su?e beingdclexRid! 8 aB M6 KaiAla Frsiipast ur e of
first solid and first |gngid fqpt 111?&‘&4ﬂ%t§dhﬁ a&acﬁaﬁﬂﬁﬁﬁe bEAREAMat ed
fromthe first Iiquid qpyts hhxﬁ%ﬁu GhdBRS e1 c?fﬁH{e LHf first
liquid d 25 first soIHq S’fr&a%h 5?' %ﬂrs T ﬁxd qU| d or
XLUr and r'st SO|I phase

the first solid phase
at a tenperature from %E} P@d% Md a pressure Wmch is lower than the
pressure of step 3, the 3o tenperature and pressure being selected so as to
obtain a secaond, water- and am‘mnlﬂic nprj Si ngé‘gas phase and a second

it

liquid or seddhd sol i d 39midag B fistligeid grahe firsk slicrhass o themixre<d dB¥td sol i d
phase, which each conpriwid addirgorlidphase withrgaseopstondiquid pbeseciompsisingr r i ed
out in 8 |east one of v a(tqr)quﬁure(fzqmdﬁo thd7Ecand aquesstre Ipom Qdt tans,

ani nocar boxyl i ¢ aci ds G0 x1iKPereionalbrisdlie prseace afitbeinbovsfcatalysutdolitaino 20%
by wei ght, based on t he moduchmixafreawhereinithe iehationdechrrichhet fir atiedspbree aff t he
process of the inventi oteps¢l)dad(2)ineht prasehte éf A&dmE AndAdtarborplidadidswd at
the priority date of theixpireéshértofin e ahoan of AOmINELRAbiIveight, ®ased dnhe

m xt uresgan be in prl NGhPirRod R ¥f /HinoRIR1E 1édde, 1.€., any conpound havi ng
both at | east one am no group and at |east one nitrite group.

Preferably, the above process additionally comprises the following step:

4) postcondensing the product mixture at a temperature from 200 to
35 350°C and a pressure which is lower than the pressure of step 3, the
temperature and pressure being selected so as to obtain a second,
water- and ammonia-comprising gas phase and a second liquid or
second solid phase or a mixture of second liquid and second solid
phase, which each comprise the polyamide.

40



0 4 APR 2003 -5 Anminonitriles are preferred, especially Wam nogléy&:
niti~iles having from4 to 12 carbon atoms, nmore preferably 4t 5’12303
atons, in the alkylene noiety, or an am noal | cylaryl nitrile having from8
to 13 carbon atons, preferred am noal kyT éryl nitriles being am noal kyl aryl
nitriles which have an al kyl ene group of at |east one car bon at om bet ween

the aromatic unit and the amno _and nitrile group. Especi Iy preferred
am noal kyl ar yThenPfels‘theglV%I?t@nt o Shév‘émflﬂ'é)uéni"i%esqa pPIQAYCIAG t3 i | e
group in the pplyanpdes by resationephati loast pae aminenitilaayith waler,\whieh peraptises the tri | e

used is pref doBdmgateps:near w ami noal kyl nitrile in which the | o al kyl ene
noi ety (-CHZ-) preferably contains from4 to 12 carbon atons, nore
preferably from4 to 9 carbon atons, such as 6-am no-1-cyanopent ane

(6am nocapronijrile), Featinpat fkadh a8 RNl vathewhtBOat br tenperahed Frameo0
9- am no- 1cyanooct ane, 10-a0*®andla pYRNNEAIANE 1 t&@s&lmﬂbardvmcm&afc%@@w
6-am nocapronitrile. 15oe6c %G%Rﬁé) Lehtd dl§roﬁ§{§& Et!uys %Qlte

hydrogenation of adi po C

exanple in DE-A 836, 93 %l@e QSB w era de t he
| act am used i s caprol ac ‘;? gﬂ,ﬁé o1 oi C
acid. THh® |actans andI %{F*@B& IrPEleé‘B %@ einto
the feed m xture upst ré&?ﬁ‘%‘fl ‘é‘ﬁ’é‘ ¢ TPt ?eraé?qe Ysl“é‘gSStelT ee:aﬂ t%% He
added in subsequent reafé%qtléhﬁﬂm{% Preferably, both the lactam and the

am nocarboxylic acid or their mxture are 25 added as a constituent of an
aqueous phase to the reaction m xture. The addition can also take place in
hi ghl y concen®)y at ed f orforther reixting dhé deastion intixturd st atiempefatutehfremenil, td he

| act am apd/ or the am noar®axdi pressued whiohjs Ibwerthai el prebsire Bstefpl, evhidhn a
stirred tank to above trbg:tioRlchd POcdaédbutan thelPhespRet dfat Brohkted held Re@lykt e
reaction step. 30 The adgifel forRfa B@tﬁlzéé’ﬁt@'?:g{a@rst %Hyéflﬁh@ﬁéklataﬁrs@%%to the

reaction mxture preferghliyml@kes %kaazfs@cadhsh F);q 0 590897k fof hird

step, particularly prefgral’ ¥ ddbnt 0o id"} ift AU GRWhic 51[51{ QoyaCt ans,

am nocarpboxylic acids qr Xt Ul N rom
0.01 to%Z)O% by wei ght, K r%é_/‘_l%ﬂrnafﬁe T Q ng ﬂmg&'b EI,B] gta;. tlg& arly
preferably from1.0 to © opgi? 11 ﬂngiﬁ Sﬁr‘?ﬁd‘gf) 8 s

am nonitriles. The addi %Of F‘?%@Wﬁﬁfﬁﬁst%;{hq he
hydrol ytic pol yneri zat %, ’“i‘rlu‘qt‘ é’h WSh%as aels SP bt

changed or cont ani nat ediquid prcie first sphrépheewacf{oahﬁwdmw rﬁ’&ﬁé?tﬂw ad aci ds
are inc@fporated into tfﬁétspbdyhﬁéﬁ, agflai n, no new pol ymer constituents are
included. Mre particularly, the Iactam and the 0 ~ APR 2003 -6
am nocar boxyli ¢ acid should produce the same polyners; i.e.
am nocapr oni t(#) | e shoulmsfsendensiog vhetﬂnstdlqpldmlrdretﬁisnsahaﬂphusearrtlmamamr@of: aci d
as accel erant. The use fixbt liquixs end firsp esliidshake attks tehtpetatiare fiving 20@Usd 850°C
accel eration in the reagdi #préburk h@hidh iBABWer kla@Sthel prBssuBd ©f .stdpn 3Wilad
fol lowsggthe different tghp@atued endl PrBird DeingtBRcled Gbad¥BtoAHBARN a second,
am nocar boxyl i c acids bgifg aﬁé%ﬂn&ﬁa—E&ﬁp&%QE& bl %ﬁ&eﬂs&%ﬁ@'lﬁﬁ@é{@
second solid phase or a mixture of second liquid and second solid
phase, which each comprise the polyamide, wherein the reaction is
carried out in at least one of steps (1) and (2) in the presence of
35 lactams, aminocarboxylic acids or mixtures thereof in an amount of
from 0.1 to 20% by weight, based on the amount of aminonitrile used.

The principle of the process of the invention is described in DE-A-197 09 390,
unpublished at the priority date of the present invention.

40

The aminonitrile in the mixture can be in principle any aminonitrile, i.e., any
compound having both at least one amino group and at least one nitrile group. ®-



The process can be operated continuously or batchw se. 10 Accor&i ng tOZhEbe
Jdnvention, the first step (step 1 ) involves heating an am noni APR
water at a tenperature from90 to 4OOC,_a£referabI y 180 to 310C, especially
at 220 to 270C, a pressure fromO0.1 to about 15 x 106 Pa, preferably 1 to
10 x 106 Pa, especially 4 to 9 x 106 Pa, being set. In this step, the
pressure and the tenperature can 15 be adjusted relative to each other in
such a way ag\migonibiles Areapreferyad.despeciallys otamingsibieyd eniteites havingxdromed 66 12i qui d
or solid phaserbandtangyaswe peefghEy et toA@ cabdn apntspirt the dlloylenst moiety, wataar i s
used in a nolaatindailéylaylofitrlerhadag Kim Bitd 3l carboq dtahsrprateiréd Amiroalkykige from
1:1 to 1:10, npdlekibeiigadrhiodlkyBAr9T aibilés Whidh kvt g allgidge droaioR: kast dne 1: 8,
very pargi culcgibby aan‘?bet%QA YheWrbhhik ﬁ:ﬁ?aﬂ@iﬁg‘iﬂﬁﬁ&ﬁﬂdlm%lé %rélquE Ceafnerence

bei n iven itrile
usedg Ign t hi gﬁgﬁ%é‘rﬁﬁxoﬂkyl q_elgﬂleg a?&%éw q%ﬂ%?% or t%%‘ﬂfoxt u%dgﬂgf

liquid and s asé %Sftres on 5018 reactlon m xture, whereas the
gaseous phase is separat ed off As 25 part of this step, the gaseous phase
can be separated fromi{{? quid or solid phase or, fromthe m xture of
solid or Iiqdihgpageal lra%%useérls pRErabling Heser @-aminealicd mitgleinyhich tei n thi s

step cat? be pHakantmpigti (w6 Hahapreferablyncontaigsi feny s 6@ U2, carbon @logess doere or

| i qui d-sol i dbederablys froft 4nitd | 9 bearbgpratansat sght hat6-arhimodreyasopentaand(6-

t enper at ur e emmmhmonitdiey d7-amineel -cyEnahdxare, t -amawhl -oydneheptanes Wsimmoviay t hat

t he synt hesi gydfiosttane 10mic $epinodonaas, partidulély @referhblgl 6admihb@pidhitlease. The

renoval of the gas phase can be effected by the use of stirred or unstirred
separating tanks or tank batteries and by the use of evaporator apparatus,

for exampl € Bya &R0y Bhitrs rﬁ“btﬁf&ﬁ%lﬁ%’&ﬁﬁéﬁ QyS h?&r éHaﬂorfn ' 6fma8 Rigfigt or s,

as, for exampl&ydiRy th! kdbwi ﬁfoﬁy &és ribed’ fd? ye DEE‘Rn'g 6638 I B-A
reactors, V\hlgg g{t e A@?l?ﬁ 433rge ase | nt I'n” ceridin’cases,
recircul ation o’P hest s mxture or the use of a | oop reactor may be

necessary to increase the phase interface. Furthernore, the renoval of the

gas phase ca rther th addltlon of ter vapor or |nert as into
the |iquid %é%‘éra[’ @ theQFa& Rissdois caprolap Pﬁ@@‘ 51 0XYki% ch?

adj ust e® at anw%eeqoecct%r Tihg and@raantlwat OKRC pridssarg Péef?@b]é’rfﬁf’qeér t han
the equil i br inftheafsed mixeEspsaean obhedirstreagion stapedhey canralsp baddedun! i bri um
vapor pr essuﬁ‘@bséfluetnheeaotlmtenﬁorrponents in the synthesis mxture at the
given tenperature. This way, it is possible to favor especially the renoval
of ammoni a and thus speed up the hydrolysis of the acid am de groups. The

t wo- phase pr Scefenably, ibetlptief bcabl ynd dhe aminccathorylicaagd exstheir mhitate ars above
t he vapmy pr eddadr & Dtomptiteniaf &1 a@esas phisedo \the teattivn mitiret Fhpadditione of
the reacti oncan Xlisotgke fade DRIy thiet@ated fdimi idthe/ e ordicRid stare. TH thignoni a.
to A particulad,|the Mcentbid6r @ehadhs®RMox9fic hel8 mayObaPARR, RIrQKamMple indlhi | i zes
an upright f Eﬁ’x‘t‘éd Uik hitole e RRAIAL ﬁ&inﬂ&ﬂﬁ?urﬂﬁ%’éﬁfn@o ftﬁeoi’&sﬁ&ﬂvé’%dcﬁ_ﬁiﬁ' l'y has

above the prg PCt outlet a further "opening for gas phase renpval
tubul ar reactor can be conpletely or partially packed with catal yst
pellets3In a preferred enbodi ment, the 15 upright reactor uti I i zed in the

t wo- phase pr edu acked wi.th cataly mat er to the
phase boundaag PCt aﬁﬁ:\ uf‘glr’f %ﬁrlé"rr g ngtfdfff?ﬁs‘f "fﬁs first
step, the pr&85SHP y|t§ E‘sgel:f ISt REFP réhird stepPariehlaroprefiratlir e i s
present as a'l gﬁrét% FiPFase i.e., no gas phase is present in the

reactor. For this si ngl e phase procedure, the

35 The lactams, aminocarboxylic acids or mixtures thereof are used in an amount of
from 0.01 to 20% by weight, preferably from 0.3 to 10% by weight, particularly
preferably from 1.0 to 7.0% by weight, based on the amount of aminonitriles. The
addition leads to a considerable acceleration of the hydrolytic polymerization. In
the process, the reaction product is not changed or contaminated, since, if the

40 lactams or aminocarboxylic acids are incorporated into the polymer chain, no new
polymer constituents are included. More particularly, the lactam and the



20 preferred enbodiment is a flow tube packed exclusively with catalyst
.material. According to the invention, the amnonitrile/water n $tyrAPR 2003
heated with a heat exchanger before being introduced into the first st ep.
It will be appreciated that the am nonit®ile and the water can al so be
heated separately from each other and be 25 mixed in the first step by the
use of mxing elenents. As regards the residence tine of the synthesis

m xture in tB@ingcasoxgkiepcidishevld ppducsdhe same inolymss Whatmineoenronidteyer |

it is gener alshquld &k asedwithicapiotactane andiog@minocapreibcwtd dstacoelarane STheaisabout 10
hours, pref ewbéilthese Wotponndshizadaange donsiderableuiccdleradion nin ntié e@saction adfotle 6
hours. Al t hoygindrieile vaiklewnter.r estri cti ons what soever concerni ng the degree
of conversion of nitrile groups in step 1 either, econom c reasons
especially dictate that the conversion of nitrile groups in step 1 be

genoerally not, | 6% tf&ﬂﬂ QUL dQrel Ytefe BeCliRiRBEY ML |88Hst NaR/gPout 95
e e LA ot KPR b o T basd

conversion is
customarily determ ned by neans of IR spectroscopy (CN stretching vibration
at 2247 wavenunbers), NVR or HPLC, .40 ref g by IR spectroscopy. 04
APR 208 g ‘RBPIfEEe éorpﬁt?&ﬁtcr’%mro& ¥ og f‘tc Wi/?aucti ng the reaction in
step 1 gdditionally in the presence of oxygen-containing phosphorus
conmpounds, especi al Iy phosphoric acid, phosphorous acid and hypophosphorous
acid and t heifccerding to tgetnmenm tha Qest stap (step thinvetves heatingsanaaraingnitrdlai um

sal ts such asitia8®dat aNsthiPatdre fivan PPOxI400R6 1HRR(BabINABMHR(R 0°Clodsgéeixdlly a(3P04,
KH2PO4, K2HPQZ() td<BRIPC3a pléatirORpmKHE ROhout hS wh0tPa, pacferablyd toolax 165P4,0 of

cu- ani noni t r iebgciatly Ahes RNoF Bs, bemgpeundmssepsﬂteeeésaﬁem ﬂtlemerﬂlb‘&att@ﬂﬂﬂ from
0.01:1 {0 1: be aBfuSit@ rdtheé t%idﬂ'dﬂtérfiﬁsﬁcﬂrhgr@a}f 4s0810Btahla fiqhi@ of akolld phase The

reaction in SR mixtu &q@{lﬁr&%lmﬁ@ydﬂgcj‘%&%ug Phafdef | OW tube containing a
Bronsted acid catal yst selected froma be zeolite catalyst, a

sheet-silicate catalyst or a titaniumdioxide catalyst conprising from 70
to 100% by t % : nd in
whi ch up to"‘% (&Em%v\té)atﬂﬁ &%ﬁmﬁﬂ ftJrClE‘uQed i déﬁloté’%at‘ﬂé%ﬁ n%BJ aC %bté‘
tungsten oxr gt élairs'pi gg on of
anat ase?d ’nY p getr g’ﬁlrﬁ“gﬁ L6l e.

Pr ef er abl y, erargévear%t 350 a‘t’aé?rﬁf’x‘i %SQ on the aErH%c’ teturs? -e used
contains inpurities, for exanple 1 to 3%by wei ght of inpurities,

preference is %en to using a titani um di oxi de categlgyst conprising a

m xture of ahathisembedimen: the dquipos selidapiage or the mixitireaafdiqpidandiselid phaser om 70
to 80% by weicgiespends toike regetidnemixguré.rardasthe gaspoudPhase 8G9pdntcdvefighs. | n
this cage, i tpaitof oy stem theagdsgoup pbdsercai be saparateslefram thetlaguidion slid phake arat al yst
conpri si ng alfimut théGfixhye we kgt ordiquidh piiaas et amd, abtha tsyBBE4ibynixtaie ghimind
rutile. The odthid ysd stpp edrebaptegervas twophase fomh:Uliuidigastadmsdlidigaséenus ol / g,
particul arl y ligtidfseligihseohd. daill-b2 o ﬁpreeiaﬁd thett She phEsSuR\AAH @o@pemme cdhapeter is
preferably wpkRHfustkdel&BRAE chdhOsth 1QQr5chté3w|9¥ @hartHElsyﬁtﬁéshé fitrave! iy pRi&ter abl y

Wi thin the 23:rdngR SO Rpfilphae 0- 06 gm hi ghl'y viscous products are
used, §1e aver age pgre di g‘*ret er %houl d be large. The cutting hardness is

preferably greater than 20 N, particul arIy preferably > 25 N. The BET
surface area refag ‘%bélli‘g nore t han té)leo etlucul preferably nor e
t han 100 n®/ I P fp T8 AleX ?eh% ouI d be
appr opri at el 218 OB LG PRIAR ear flpdoratprerr Sﬁ Pularly
preferred ca é{I %%%rtra BQTE eY3PPY ?apeetor%aeo xaam mo. 3

m /g pobe volcieders aybypmeaseriagaulss die%Frt%‘tSseW ch2ensurg (At $IHRY phpl¥ess: 116
m2/ g BET sur finfedacsr becespinguseshiecieilafion of thexsyathesis mixtgoe, Whv\emﬂﬁa oprutil e;
0.3 nl /g por ecagtsir mray; beMeCBsqry n monsaskdhe ﬂmrselmtrrﬁtnetFelrtherz@rwthmemongl of

har dness; 46 tigay BEde sar beabmthered by théeddiborabfy saer vepor lve iparepasr iatb theom
comer ci al padiyeighases avai | abl e 35 for exanple from Degussa, Finnti or

Kem ra. Wien tungsten oxide is used, up to 40% by weight, preferably up to
30% by @&ight, particularly preferably from15 to 25% by wei ght of the
titaniumdioxide is replaced by tungsten oxide. The catal ysts can be
prepared as described in Ertl, Knozinger, Witkanp: "Handbook of

het er ogeneous catal ysis", VCH Wi nheim 1997, pages 98ff. The catal yst can
be 40 used in any desired suitable form It is preferably used in the form
of shaped articles, extrudates or pellets, especially in the form of
pellets. The pellets are preferably sufficiently large to be readily
separable fromthe product m xture and not to inpair the flowability of the
product during the reaction.
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0 4 APR 2003 -9 The pellet formof the catal yst makes it possiblgyt e
.the catal yst nechanically at the point of exit fromthe first Stﬂ:ﬁ.&ﬁ&?[ﬂﬂg
exanpl e, mechanical filters or sieves are provided at the point of exit
fromthe first step. If the catal yst i 5" Additi onally used in the second
and/or third step, it is preferably present in the same form According to
the invention, the reaction mxture obtained in the first step is further
reacted in stispferbly, the presspeinadivstediat 8 preselscied eowepso o thet the prasswe s
(400) C, pref emaller than thet eqiléhrivnu vepati pigbsure o€ ammeyua.f P@ngeateuthan the( 200)
t o about 330 dquoilib88m) @poreppsttiradf the withenicompbrentsaingbe fymimssboixturg 20 tHe230) to
about 270 (29hdn, teaqeraupr Gasuwey, Wi is pdssible orvefavbh @spetially phe semoeali of st ep
1. The psessuingmonla bitethee§Redusihe PyidlyRisef teabidandle froasd about 0.5 x 1 6
Pa | ower than the pressure in step 1, and generally the pressure will be
within the range fromabout 0.1 to about 45 x 106 Pa, preferably within the
range froma LtwB-phab px%le g%e'gar € %s' Ea?rieoegﬂea?%% ds¥urdhvg j:}p'sta%gvé' e aNge
Fom about 2 04 £R ;%O%H vﬁﬁra?vo%iagdswttgt I i Spccal %{?Z%SU: n
step 2, the te a@?{)e]]a t enF SSET e Vare cRpSEn 80 as SoEart™a first
gas phase and™&¥MFr¥f OFORUNG CHLTYR VARG PFES'BRAS MBI i xt ure of first
liquid apd first solid phase and the first gas phase is separated fromthe
first liquid or first soljd phase or fromthe 20 m xture of first liquid
and first sol4 gagiquiady preferred grabodinens o sheghasphaseprosedus widlizes gn ypeahtt i al | y
of ammoni a arftbwdete Whighois, opesated nader wgward ritove dnd oyptionalbu s abgventhgns of a
di still ation papihet attlet a furtbér apeniag dorsgas|phagei romoval Tihis tubAilar reagyamdan be
const i t uent s compldtelyair phitiallp pecked mathmaedyst pelidte It a prefarebemboditist, the
di stilla$i on,uppighdesctoanitllived g ahy ewdbplagmprooedurt i1k enaxdmallp avked wyithor
partly recycl@glysihtetiabp o BEPhAE bslRArg. The residence tine of the
reaction mxture in step 2 is not subject to any restrictions whatsoever,
but is generdnlapolierhpartiewarly preferred smbadisent 06 the fintesten, dhamsessus isour s,
30 pref er abl yelacteiim sudhea way et thegpaciion umixiee isiprescatas psinglediqual phase.s. The
product |ine ilsgtnwegas phese fis psdsertnd the ceattbrs FepthiopinglerEtiaby pumedwenthepacki ng
el ement 3¢ f orprefieaapbmbsiaehi g arflongisibe padkud zeslugively mgthedambysntrmteriahi ch
facilitate a controll ed expansion of the reaction m xture into the gas
phase. This relates in 35 particular to the single-phase procedure.
Preferably, tA®ofBAEt&theoinvédtons eOMinBhibMle v Whikeure 45 hadted wilhea Gaaral yst
material of tehdnB¥ehifbRMbeiRSiRRsAREH Wntb el Rép. TOWM bd dppA@sattPiiatitHehat t he
reactor proviggsosiuditahi%he WARE OXEIRE be! Hiatel SePIrABHCioR! GRE lotie? Sng Yepar ed
with a gatal Xﬁi%(éflfrfﬁe%ﬂstrsﬁzg%h/%e s%%‘??r?ikﬂllgle}’erﬁént@' gher pressures and/or in
a large unt or

t he presence o a excess-water 1n the reaction m xture.
Tenperature and pressure shoul d be sel ected 0 4 APR 2003 - to in such a
way that the yiscosi of. .the reactjon m xture. remjn utfigiently lowto
orovent any HiBEER ‘%@re?ﬂ%me%% e %de“freg@émxr&g%& gneﬁ. Sttepy ST 958 1 on,
"the point of r%%H‘f“ ofAHRE Ve CO1YE mgc‘ésgfngﬁa%tﬁsf’ &:ie SVIERT B &38R FAMs| eves
or filters whoew égg?lawféé%fb@ubdpi Yrso PrefRrblye Hathin theyrandsr Fogh@be¥par at e
the cataPyst Yrminutesdo pye OiheHSni xture. In step 3, the first liquid or the
first solid phase or the mxture of first liquid and first solid phase is
adm xed with a gaseous or liquid phase conprising an aqueous nedi um

pref erably wahlghough theae ere noagsstrictioftsi whatsoewerreoncssning iodegrse of[¢rmvensimmant of 1
o wat er addedf(mgileigrougmh) in stepd efitherbdcpnomichireasdrtseespacighty fdicate ahatuithe50 t o
about 1500 mconv@sienlafigil@igtoupwin biep 1t heegdrpgly fdtdssathanbbdii070@oBeout 500
m, baseg in weefabbase 1653 tHankdhoof 9516194, and lespctillly Gvifin tHelrahgesbmdbplkase or

of the m xt urce @loofhsisd, chitbtse Sthe hdlsd ofsPibshiRflasgq. Thi s addition of
water primarily conpensates the water | osses incurred in step 2 and

furthers the hydrolysis of acid am de groups in the synthesis mxture. This

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



15 results in a further advantage of this invention, that the nqﬁtggg @3
. the starting materials as used in step 1 can be used wth a sm of
wat er only. The gaseous or liquid phase ionprisi ng water is preferably
preheated in a heat exchanger before beithy introduced into step 3 and then
m xed wth the first liquid or 20 the first solid phase or the m xture of
first solid and first liquid phase. The reactor may optionally be fitted
with mxing el enents vvhich further the m xing of the corrponents Step 3 may

b t ed 25 t
38 gp%g IeDa ‘No 3doE§" @énﬂ&ﬁrﬂié‘a{ﬁ‘ c'lo'iﬁuétﬁ’h ?tﬂ@ a&{b‘ﬁ eﬁ&d&ﬁﬁo 0

1

3 mn§ p% ' Qﬁsﬁ &a :
A G %Pnhgfo ;gﬁ i agim
to 280C.5 The %lssé émi" Oélrlé?é% gj“f Bhi0% %106 Pa,
particularly H?@rs,aNPJp‘zP % i3 Oph %ﬁgeKzHP&Pm éﬂi 6 KpHPOs KHPQgeinps. 30
The pressur e vdnch tasatky molar gatimol peminpnitilet phospharhs carmpounis) isssetdoted way
t hat the syntwiddn themangedrom 0.61:pre$dnprefesably withigltlee dangpufirain Or01slodoi0dl :phase. I n
anot her enbodi nent, the pressure and tenperature are selected so that a
liquid or a solid phase or a m xture of solid and |iquid phase and al so a
gaseous jphaserianeacibh a &8sl 1 id prefeabiy eirried biiEinta flowptibs @ohtafingla BEsrfldi d
Pnhitsﬁr gr ;‘I\Egra@?dx&éﬂél?stogeléc'télufrgmaﬂ'%e&oidoﬁteggﬁﬁ stcarghem% TcQtafyIE' pragf'ggt
tEe gaseous ase) fagogéggt%g lér?go%ﬁllhﬁy i%%(?ato 40%@1’1 é)?étgse fhr from
the mxture es
form ng Wt hi gg?eﬁ cregiat[)ngﬁent% H?ag L g‘seous
sol i d/ gé%eouélsam "QBIo %% ‘%“‘?ﬁéo’ﬁ "gﬁsyﬁo‘z Wdﬁ’;ﬁg&‘} 2 ed at a
presel ect ed PeRPRiEa EFr%faE taha‘t‘retﬁ@%?ecé‘wsé 1§ us e amignitile used
equi | i bri um vapeinspmeysities for exammipilato Batbygweisht of imavritiase peaferense is d 4
APR 2003 br i \givenatoowsipg estianivmodioxide catalst cemppising it mixture: oloanajaseandi s
m xture at t hatilgi Preferaldppthe anatase. fragtios isvdrpm 7Q td 80%dysweight asd thavotile
especi abé y t Heactiemfroml 200tb 2bronivaighndn thisisase Lt tshparticsperlycbreferdbiietohysdaol ysi s
of the acid amardematioigs cathlyst eqnprisiigiaboue FOVObE wedgthl of dnatakdiafid abew can be
i dentical W 309 BpsRight of heile. TheattallisEpridfesly BRQMVRre THameTFifban0e thisne of
this step is ghikewralpQ :%fé?db%ﬁtfrohp 0@”56 OS%WQ CtHeORRrage Uor€ RHMEECisl €asons
general Iy di x‘ib &ﬁﬂﬂ%é{aﬁ 19azjﬁ91!rl pREGHAY 3NN the from
60 m nu%gs tma.% &Hﬁ) 01pf6r6 06: g ?cro %{i &9 seH1 AL S8abO ﬁgrehour S.

Nt

The pro S
descP| bed be el{ " Sh%g eﬁo élre & Ef\ &1 stg’t ep 3
i s subj ect ed ‘CH %gp grta gndg'%\g" i.“’? %@%FH’ grya{florﬁ % ur e
from 200 to t‘iul g |ga  he &8y dcial Iy
from240 to 2*? ey 4?51’@5‘}%@3’0 9 SReves Adsatat At XYt he
pr essur &0 of ﬁae&u@rlarmeﬁegefbﬁeﬂ&tamxﬁ the ﬂhlw%@rqpaﬁ@é F305tno6 apiasepld x 103
Pa, nore prefef@apery valume; A-02Hen pyigge Horediameter; 3239 guiing dgrdngss; h16 me/gcont ext
of this step BEheufasapesaanr§4do bydvarghs of anatasst d6%cheweight abruside; 103 oBfgai n a
20 second gagpophedemendl0h pseaanapelpoguiidmeter; 26| N dutting Srardnessa 46imigIBETof
second | i qui dusaet secdhd canlyist piabe piwhiaret fivac tonmaeieial pewtiére apalyirblede.
35 for example from Degussa, Finnti or Kemira. When tungsten oxide is used, up to
40% by weight, preferably up to 30% by weight, particularly preferably from 15 to
25% by weight of the titanium dioxide is replaced by tungsten oxide. The catalysts
can be prepared as described in Ertl, Knodzinger, Weitkamp: "Handbook of
heterogeneous catalysis”", VCH Weinheim, 1997, pages 98ff. The catalyst can be
40 used in any desired suitable form. It is preferably used in the form of shaped
articles, extrudates or pellets, especially in the form of pellets. The pellets are
preferably sufficiently large to be readily separable from the product mixture and
not to impair the flowability of the product during the reaction.
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The postcondensation of step 4 is preferably carried out in such a way that
.the relative viscosity (measured at a tenperature of 25C and an,' APR 2@03
concentration of 1 g of polymer 25 per 100 m in 96% strength by weig

sul furic acid) of the polyan de assunes’ % value within the range from about
1.6 to about 3.5. In a preferred enbodi nent, any water present in the
l'iquid phase can b expel l ed by neans of an inert gas such a ni trogen.

The resi dencdlei pellgs farme °§e@€t?%‘ﬁly?ﬁ asee 1 rpoéﬁlélﬁ Io d@%‘@ﬁﬂst @Eé%lb’%ﬂ ly on
the desired rmeschanioally psthsspaipt of mit eomp dheafingt sstep: Hior sxamples eneghanicale
amount of watfdtersaotdéayes areqireyid@l at3h&paint efiexy fBom thedpret siepe df the catalyst is

si ngl e- phase addiona]y ufeel iorthe setondi arel/drethid esteps titejs Prefenably tpegsert imathe
optional{y ceamasiffrnpacki ng el enents, for exanple, Raschig rings or Sul zer
m xi ng el ements, which allow a controll ed expansion of the synthesis

m xture in the gas phase. d 4 APR 2003 -12 The fourth step too can be

oper at ed usi g, {@t 4 ¥t ﬂYéaI%aJt Highhe ke e Bl 48 Rathorst 11
step 4 1 mproyes.dy Egﬁeﬁ %9 ?5’05 tSLub%r d

relative viscosit ata f t he

t hr ee- stepp r the
nol ar ni¢ rrtﬁ% lé{i’\“ di gg t8I H’étr 05(2 éﬁ than 1
% each based‘RS?Fstl‘?é” OWgsT BHFetS?‘F?E‘%?e]d |Pre<§s"frﬁ|"% StPrrent  of
the inventions Peferpbly atdsashabentdbe skl Be doweirtban e ruétepr ed by
carrying out genesply the pressure 2‘)111@90\/1 thiry the rangpHram about t0| @Opr’e? érIQ Ps,
carried out gsefemablyovithin the ratgedroly abhdue0.5daabaudh5 kd 0¢Ba, respatiablytwitien thescr i bed
above. 16 Theargedmin aboun? xd abioat 6 % 104 Raveldes in bedckets Aviimutesaysithed above or
at a tenperature within the range from about 220 to about 300C and a
pressure within the range fromabout 1 to about 7 x 106 Pa, the pressure in

the second StIﬁ Btep®i ﬂﬂg téthper@e land the p?fes;.l}lg@ afecho QR ab RAGbthiA aSfirSiad phd¥e t he
sane time, thgqLegRkl) } Jultfor ﬁx%§§oh€%a§% Semixture %P?if@thﬁgrd dnfl rHrEt"b%lu‘fl hade !iquid
phase. 20 The,hideHrst dad fE fiksP1i1i§ Br Arst tdrp‘?xgé § tﬁc? ep 4 as

in step,1 or F e rang rom about C and a
pressur%&wtrlﬁ?i%m?%e ranqea?z[ngm abouC[|p ‘to about 300 x 103 Pa, the
resulting second, water- and ammoni a- conpri si ng gas phase bei ng separ at ed

fromthe sec hin.25 this st ere atjve viscosit
(measur ed asofglsfflrrﬁ%s%%rﬁ%owﬁ ng%%risrw 3 Sa Sefer, Ry Ko a
desired val u@SHFRY ferpiesdy apyaes Pl ¢ ’5 Htapga@n’(shrs S @hoi ce
of tenper at urdéstiflatipry dyran rrerer Qrganic Conplauenisef liate earempyesun dhefodEse | s
t hen codVent iobmkip dititiationhprederdinantly, unqonmﬁraeunomlwmkb@l lly oppartlyur t her
preferred entrexjicledmto otept fand/pr et i nvention, at |east one of the gas
phases obtained in the respective steps can be recycled into at | east one
of the precedi ng steps.

The residence time of the reaction mixture in step 2 is not subject to any restrictions

whatsoever, but is generally within the range from about 10 minutes to about 5 hours,

30 preferably within the range from about 30 minutes to about 3 hours.
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The product line between the first and second steps optionally contains packing

elements, for example Raschig rings or Sulzer mixing elements, which facilitate a

controlled expansion of the reaction mixture into the gas phase. This relates in
35 particular to the single-phase procedure.

Preferably, the reactor of the second step likewise contains the catalyst material of
the invention, especially in pellet form. It was found that the reactor provides a
further improvement in the product properties compared with a catalyst-free
40 reactor, especially at higher pressures and/or in the presence of a large amount of
excess water in the reaction mixture. Temperature and pressure should be selected



35 It is further preferable to select the tenperature and pressure in step
.1 or in step 3 or in both step 1 and step 3 so as to obtain a Iﬂdum@ROQMB
solid phase or a mxture of liquid and solid phase and a gaseous phase and
to separate off the gaseous phase. Q-40APR 2003 -13 Furthernore, in the
context of the process of the invention, it is also possible to carry out a
chai n | engt hening or branching or a conbination thereof. For this purpose,
pol yrmer br anchiswh 2away tat theevisoosith ofjthe wbstian cestukneninscuifigentydowstoi | | ed
in the art ampeevadtad blindideof thdicaiatiyakurgdcepaccoldiag eo shebiatvanionas thermint
preferably adgeditiffons tiePsesofd pbceddsaéyl BoSidRghippe® svidr Seved lor fieed WAl

am nes or Carglﬂ%ﬁ{eth@‘f)hﬂ%/ 85 tHYr ARSI thiAARNAR] Hpafdt@ bdﬂﬂ%tsfronjn fhe
Exanpl esg of )é% east trifunctional amnes or carboxylic acids are
6

descri bed |n - 48. The at least trifunctional am nes have at
| east three am no groups whi ch are capable of reaction with carboxylic acid

gr oups. They ef b e a ar bo lic aci
least tri fun %% &‘Eﬁ%gﬂﬂ} Oétgtc{rdgsqlé\@ T% Xtyrg ggg%ilﬂﬁﬁﬁaqﬁﬂam d
groups whi ch 38111 abl %dr@?‘edr f AFSAYE T QWdC%pW&ﬁn@&HC%SSO be
present, for Tesdimp R;eferahlyt WRier @y \Water vapRkiThisds dpyaeqniiadouslyy dhe amoustiafr s. The
car boxle c aovater aéd@f(é$ ldplig) isi prefroably withiai the tange Somrabowjr56up sbavs p 500 ml,of
reacti on w t maephderghly evithoi te gange fiom dboanillete abbutSOD nalpbased ar ¢mol ghsec aci ds
are trimesi coadikg oftthé fiest liguad of &tst yolaicplase oqufahamédurt of fiest diqpidentifasn ol ei ¢
acid and havispkd pliaeenThik 4daitdl of dakee primbhlysconipaated teane@dbssedinbarred inC
acids, such agprapatiideedde A)dlolyBisDf Acitl AlidC AR kheCsyRthesls mik@res FROXY! i C
aci ds afg pr@és%r@tﬁm ﬂ%&ﬁ%@vaﬂfa@@mf%ﬁofm%%ﬁs 10 ¢hd HixBR! ¥iMRd GtatgPOUNdS.
Exanpl es of %Qté}Fa’fs %!écﬂﬂ sf 1'&&%&3 d%tq'é) SIPYRSss W Grallk bty O “ al kyl am ne,
trie I'al kyl enetr

especially nitr aneani ne riam nes, especially
di ethyl enetriamne, 25 trial kyI enet et ram nes and tet raal kyl enepent am nes,
Furt herm)re

dondri mor & IOt e“%% D %sé&fg H;: tsrdgshgf'% “M%Q@eu f"ﬁeral
18 S lgUl rreac or

f la | LR Lo
?Eﬂﬁ)?zwmgﬁl ¥§Fé°1 IRSSP%%)Fl

- (CHZ) n- NR32 m%gptg)np@' ibg fiytedy with @g)qg Npﬁlents whlch further the mixing of the
components.

Step 3 may be operated at a temperature from 150 to 370°C and a pressure from 0.1

25 to 30 x 10° Pa, if a catalyst bed is present, the conditions applicable for step 1 may
be employed. Otherwise, the temperature is preferably within the range from 180
to 300°C, particularly preferably within the range from 220 to 280°C. The pressure
is preferably within the range from 1 to 10 x 10° Pa, particularly preferably within
the range from 2 x 10° Pa to 7 x 10° Pa.

The pressure and temperature can be adjusted to each other in such a way that the
synthesis mixture is present as a single liquid or solid phase. In another embodiment,
the pressure and temperature are selected so that a liquid or a solid phase or a mixture
of solid and liquid phase and also a gaseous phase are obtained. In this embodiment,
35 the liquid or solid phase or the mixture of liquid and solid phase corresponds to the
product mixture, whereas the gaseous phase is separated off. As part of this step, the
gaseous phase can be separated from the liquid or solid phase or from the mixture of
solid or liquid phase at once, or the synthesis mixture forming within this step can be
present in two-phase form: liquid/gaseous, solid/gaseous or liquid-solid/gaseous.

40

The pressure can be adjusted at a preselected temperature so that the pressure is
smaller than the equilibrium vapor pressure of ammonia, but greater than the equili-



0 4 APR 2003 - 14 nis an integer from2 to 6, and x is an int r o}
.to 14. Preferably, nis 3 or 4, especially 3, and x is an inteS@ﬁ Aégrrfﬂﬁto
6, preferably from2 to 4, especially 2. The radicals R can al so have the
st at ed meani ngs i ndependently of one andlher. Preferably, R is a hydrogen
atomor a -(CH2)n-NHZ radical. | o Suitable carboxylic acids are those
having from3 to 10 carboxylic acid groups, preferably 3 or 4 carboxylic
aci d groups. bEumf eapoe gresardofkihk iothea contporzents in s syntiwwis my xeuro atethe @ivend/ or
het er ocycl i c témigdrature. iz vyt isspossiblena Ydvor esppéibliyythe ramovat af anmontaigadeny!
triphenyl ragwgaighedsprdtupriacydtdssisefiie asd Miide grdups. bi pyridine, pyrrole,

i ndol e, furan, thiophene, purine, quinoline, phenanthrene, porphyrin,

pht hal ocyani ne, 15 napht hal ocyanine. Preference is given to

3,5,3,5; -bi .G aci t halac: j . lpcyanj.ne,
355 5 b ﬁ%ﬁ%@ﬁ BAGRIORO Al in ik B AR B P AR SR BB 1
acid, 2,4, 6-py¥iar gtforvle'car boxylic acid, 3,5,3 ,5 -bipyridyltetracarboxylic
acid, 3,5,3,5 -benzophenonetetracarboxylic acid,
1, 3, 6,8acridinetetracarboxylic, acid, Eiirtj cularly. g)r eferably .
1, 3, 5- benzendtEi EEAERSRyIMNE o IEP (3 IKEHSE dloéé?"é? tafqgany restrictions, but
1, 2, 4, 5- benz EpEoBtie ZRAsPBEEPERLY disiate a mmen fioanpb riresdp d Ok Pegfermbly
avai | able or frean6bumiptesga B ddutsypartivalaply peefersblydenon 6bmenutes tOBhous3 12 182, | f
ort ho-substituted aromati c conpounds are used, imde formation is
preferably prevented through the choice of suitable reaction tenperatures.
25 These subdhapeebictanixtat obteiasd intstdpfantbe dintter proceskeat alaleycritied belast
tetrafunctional. The nunber of functional groups can be from3 to 16,
preferably from4 to 10, particularly preferably from4 to 8. The processes
of the inventy an Réer&RIeRPEdRItht, Uk Neo@idt NAIxn@t dfeash 3 Mt fdubfekie@n@dl aam nes
or at 1 gast ihliboithlAbRin £RAARNLD ba RRipARD Hon 0 (71350, GrefBabiyed aM nes
or car bOXYI | verfeffire MY P30 98 ckped MY Hoth 910 B7b @2 Slepld fschfich b 30
am nes nay b% rs%ﬁr%n\khjlcl? is be%\;' ‘e rcs%{lf‘eo te C?%Rc? ] rk:%r %g’ hin} a\ﬂg%e
versa. The sQUSTANC Oarg);?r esent’ Il @n a ut§ s EP 10 O~nl[16 é of
ool e gl o G s el 0 5

pol yam de, p \ , ~mol/g
of pol yam de.thﬁ?fg‘t%ﬁgﬁﬁﬁétég’ § EOPRCERUE AR PIPTE sefegte rFoaﬁ?g _r??’,tq“? m3to
150, pafd i culSesong ey Bitass al g sesond liquighorssorid phase or a apbepset sgeopd dighifgnd o 70,
~mol of equi vwedoadselidphese which seshsempripethe golyemident s are based on the nunber
of functional am no groups or carboxylic acid groups. Difunctional
carboxylic acids or difunctional am nes are used as chain | engtheners. 4o
These have 2 Thapbsizyidensation of stapctip prefiraleli carsind bet in sechtasdaywhattherdlativegr oups,
or 2 am no gwvispstyvineaturehat dtemperattredf 2%°Chand ar dvazenitiatoract Hg. of Hokymer

di funct ppnal per QHmMARRIGRGTengdth be aveligix wif sulfiaici d@il) of tlenpolpsnidaassomies aas t he
car boxyl i ¢ aGhRe S¥ithithe Ginga floMabgiitoluP s abdat Nt contain any further

functi onal groups capable of reaction with am no groups or carboxylic acid
groups. Preferably, they do not contain any further functional groups.

Exanpl es of gybtalbeedbhbdirhb RNy Witk ieseRf B thO R§&d phaseRkah B BkSedlell HyW t h

di functional yeang of an inert gas such as nitrogen.

30
The residence time of the reaction mixture in step 4 depends especially on the desired
relative viscosity, the temperature, the pressure and the amount of water added in step
3.

35 If step 3 is operated as a single-phase regime, the product line between step 3 and step

4 may optionally contain packing elements, for example, Raschig rings or Sulzer
mixing elements, which allow a controlled expansion of the synthesis mixture in the
gas phase.



5 carboxylic acids. They can be linear aliphatic, such as

.C~_, 4-al kyl enedi am ne, preferably C2_6-al kyl enedi am ne, for exaumbIH)R 2003
hexyl enedi am ne. They can al so be cycI oaliphatic. Exanples are

i sophor onedi ami ne, dicycycan, |arom ne.- !Branched aliphatic diamnes are

| i kew se usabl e, an exanple being Vestam n TNVD

(trimethyl hexanet hyl enediam ne, fromHuls AG. In addition, the diam nes
can al so 1 o The faubnstep (toca(candwa@necated vsin@thegapdissilbives foundghat the use of

n- xyl yl enedi ahe cegalysftan sepdnpipeovekilid melcambanesightbuikiap lin patisulbstwhémuthed by C
~ _ iz-al kyl relptied efsed¥ity ¢F the efflubnailiiop therthiid @2l-Sinahe the ¢fathbahreskaipet on.

Di functional ppadelaveyd the saéand%t@rﬁlesfsqnmﬁkwh@ AarsTRhAMRHot? ieflé iRt S W th

15 di fungti ongl oBlaamige Sontdh§Y teAfdIfer is BAfer A a{anpmteaeh gas%arohgﬁa/ o‘fesac' ds,
whi ch are Pr ekt Yiritut di carboxyl e Exanpl es are adi pic acid

azel aic acid, sebacic acid, suberic acid. They can al so be aromatic.

Exanpl es are i sopht halic acid, terephthalic acid, napht hal enedi car boxylic
acid, as well rrerl fatt aci ds.. 20 Th dif tlon S i1ding
bl ocks (c) ar18 s‘gJVP RO Wedﬂ’ée&ﬁﬁ% Sf’“?Po ’Ea% S‘Pefﬁs twlﬁlh E‘s?
preferably fIPSFﬁaE’E’“iecPrQ ced 8 euANG Quistenhi 1) @banH4). 1 g of pol yanmi de.
Accordipg to the invention, the product mxture obtained in step 3, or the

second l1quid or second solid phase or the m xture of second liquid and
second sol i d Thirassiagts pfefayahly capediputwhfdlowsach conpri se the pol yani de,
preferably a polynmer nelt, is discharged fromthe reaction vessel in a
conventional manner, for exanple by neans of a punp. Subsequently, the
pol yam de obtiaktepd, thereabone cheidd um s dewtidedgbolve. conventi onal net hods, as
described for exanple in DE-A 43 21 683 (page 3 line 54 to page 4 line 3)
at length. 30 In a preferred enbodi nent, the |level of cyclic diner in the

nyl on-6,0bt a'ﬂ%@ea@ﬁ&?ﬁﬂktﬁl@ i Qeétmn'sfé}ﬂgrﬁs'dgﬁn%@d‘aﬁb%e f)lfjﬁttan%pélﬁﬁ}@@ﬁhﬁy
extracting the ggn ﬂfz%tto‘%é 306 g Gi@am and

then with Wa%% Iggleyﬂ{lo“ arg;e@%hltfngse%o g}j %’f&gﬂe@‘sﬁf i bed
asf

4
obtai ned i 1 SRR T L e

obtained in t trea
ol i goner and 't ffrol actam ol i gomer, can be recycled into the first
and/ or sgcond and/ or third step. The starting m xture and the synthesis

m xture can be adm xed in all steps with chain 40 regul ators such as

al i phati c andbsrigsaliqwd phrssooliained MngeRilclsripgted nctepct 38 mmiePchoR 8t s such
as oxygen- cori¢rapaintaeg Yibishe range dinmp ebas220ntoadROiqtand\vd prepsire Méthitaiige from
0.01 to 5% byangsi fjom, abnueflér tebrouhi30Ri » 10APa dheyeeshitiog Beond ovaer apd 0 4
APR 2003 - 16mmeimdkcimirasegigas phasedemgseparated froml thesecored iguidplrage. Witbiner s and
am noni t¥i | eghisssch, tBai teldtve dbtasity r(egeduaddons definbdidibote)r ofe tiampésaltimgopi oni ¢
aci d, aceti c pabiathiddieadjaited aca desirt@vaipd vithini the emipel framchbbut B6 & sboadd sni ne. 5

Addi tives andnbiuigh Q{O&ew@m@a@bgﬁ@%ﬂenﬁym and stabilizers are gener ally
added to the synthesis mixture prior to pelletization, preferably in the

second, third and fourth steps. Particular preference is given to using

fillers and aﬁ%}&guﬁ PBGRENRR] phfke 3 THeR @Bh vl naﬂg'&gzﬁar 8 ¥d!ieddred, not
1 e ﬂb

encount gg at al yst the rest of t roces I ng nor e
| npact - rmdlf ers may be present in the conpositions 1 o as additives
in amounts fromO to 40% by weight, preferably froml to 30% by vvei ght,

based on the entlgu |RYE§?[§&“ 8ﬂm§P'é°€ﬁ\pOSS| b lfng?n us?‘;}ﬁ‘?—“ﬁ@?& g'cis

custonary |
pol yaryl ene ﬁ"??lsso tajged n the respective steps ¢ e recycl nto at least one o the

preceding steps.
35

It is further preferable to select the temperature and pressure in step 1 or in step 3 or
in both step 1 and step 3 so as to obtain a liquid or a solid phase or a mixture of liquid
and solid phase and a gaseous phase and to separate off the gaseous phase.



Rubber s whi ch enhance the toughness of pol yam des generally have_ two
.essential features: they have an el astoneric portion which has aﬂél ABR 2003
transition tenperature of |less than -10C, preferably less than -30C and
they contain at | east one functional grdmxp whi ch is capable of interaction
wi th the pol yam de. Suitable functional groups 20 include for exanple
carboxylic acid, carboxylic anhydride, carboxylic ester, carboxylic am de,
car boxyl i ¢ i rRuchermsomg, irothe lvpoteriofithe ppeess dethe inventiemé inaldo pasaibdd forvarmyr oups.
Exanpl es of roubkeshainviehgthergid)an beantliisg oo ugtunesisatioh théreotb Fendss ipardoseje f or
exanpl e: 25 BRIy bRRENhS UbERISeémlingadbithicss kittvialdaMRrdod BRille® (iedhe @FtOUPS .

Sui t abl e grafyd mea%@l@@ﬁawuﬁal suale Tike SaRles ﬁ%@faﬁlﬁw@nﬁ% p 3idraconi c
aci d, acgyl i g aci d, glycidyl acrylate and glycidyl nethacrylate. 3o These

nononer s can be grafted onto the polynmer in the nelt or in solution, in the
presence or absence of a free-radical initiator such as cunene

hydr oper oxi d The c ners of a-olefins described under the polyners A,

i ncl udi ng esS@@PIEISVRFta?‘ﬁ%"Yaé? hyl ene copol yners, may al so be used as rubbers

i nstead of polynmers A and be 35 m xed as such into the conpositions of the
invention. A further group of suitable elastoners are core-shell graft
rubbers. ThedaifancdonH afmings 115 e pasbapfyiie nacidse ap rsenshing peentsnOr ssresslinkras-whi ch
have at 10 eastExampleh af shitablg ableestsafunctippalsamineseoricarbax i atidsangpdeseniped; in
customari |y &PeAl0/dS 648aTihngt keastl tifimctionahamineshave @ ldaspRee200iB0 -graps

t enper at ur e afhiel ake@apdble breavfivn it cabbtylicaeit pioupntThey peef@rably nder ndtavi ng a
gl ass transi thaeatyeembd @it acidofrowps! ThehtEleddh &ifufiétiondN@sxpli© deids Raveaate a
structure magg st ca@b&@h@ a@ﬁdgrﬁﬁps| RARA aBNEapabR! of rehdi®n Switl Ginitic8 dp@i Ng t he

resul t of thew afiahal eb ﬁe%rﬁa&qgﬁfiden-%ﬁvéosfu%hﬁso&%ﬂUe”ts
are general | yr ic Jc ot dtz'fl sc%d'b}’ & §ct10 l kyI
rerhacry at eg g f@ga& 90% T

si | oxane cor ¢ eq;f ac LM 0 e I 58v gﬁ A 6gomarl c
octarrethylte g‘i‘? b Pg 1‘ ﬁ%’t FF ra% ?6“ & s can be

for exanpl e F8X8Red? )g‘ g%{iﬂ’ Y @é@%

ri ng- opéhi ng lehd:/ dstfagar, 6’F Ief6id ol e far yéLFeefc Vel Pfe Fﬂ?ypfj cergaam

sul foni ¢ aci ¢emppgnds nefmelmesicsempowids.oxane cores. The sil oxanes can al so
be crosslinked by, for exanple, conducting the polynerization reaction in
the presence of silanes having hydrol yzabl e groups such as hal ogen or

al koxy groupExemplesaef amincachdvingy st llease 3 aptity | greupsearh oxigrddtrialkylaprine,

phenyl t ri net leepegtilly anteilotSetharebininec (dmlkydnmtrmnhnmse especiallyl dictigiderescamphe

st yr enegs acr yiglkylemtdt@ntneg awlossdalkytdnapentimigesafitid algylenanowidtiss peeféralynore 15
than one pol yWaBgicAaMne nifetiek FupBBEndie] ebndiimdets add b usedbd@hiaé® Dendrimers

di vi nyl benze fellagltyaﬂa%jghglge@rﬁ%,yﬁ@gp or triallyl (iso)cyanurate. The hard
constituents are géneral |y derived fromstyrene, a-nethylstyrene and

copol ynmers thereof, preferred conononers being acrylonitrile,

met hacrylonitrile and met hyl | ore-shell graft
rubbers have a soft core and (g'?lﬂg?g'i)}b elt(IeHZ)zqq(Pd%ﬁ%)d corg(} a first soft
shell ap@ at |east one further hard shell. The incorporation of functional
groups such as carvggeneyl carboxylic acid, acid anhydride, acid am de, acid
i mde, carboxylic {%rs, anino, hydr oxyl , epoxy, oxazoline, urethane,
urea, |lactam or hal obenzyl groups is here preferably effected by the

addi ti on of sui tabI y 25 functionalized nononmers during the polynerization
of the last shel | RSH oaktE)ideedKE i zed nononers include for exanple
mal efic acid, malefic anhydride, nonoor diesters of malefic acid,
tert-butyl (rret h)acryl ate, acryljc acid, glycidyl (neth)acrylate and

vi nyl oxazol i ne. TH I@HOEOGGHMB%L whetener s havi ng functional groups is
generally within the range fromO0.1 to 25% by weight, preferably within the
30 range fromO0.25 to 15% by wei ght, based on the total weight of the
core-shel | graft rRAibHrar -(01) WER hthSratl o of soft to hard constituents is
generally within the range from1:9 to 9:1, preferably within the range
from3:7 to 8:2. Such rubbers, which enhance the toughness of pol yam des,
are known per se ggfids Brdgag)i-Red in EP-A-0 208 187 for exanple.



A further group of suitable inpact nodifiers are thernoplastic poh Séﬁ
.el astoners. Pol yester elastoners are segnented copol yet heresters dné nsz
| ong-chai n segnents, generally derived from pol y(al kyl ene) ether glycols,
and short-chain 4o segnents, derived frdfhlow nol ecui ar weight diols and

di carboxylic acids. Such products are known per se and are described in the
literature, for exanple in US 3,651, 014. Correspondi ng products are al so
commercial ly availabl e under the names of Hytrel (Du Pont), Arnitel (Akzo)
and Pel prene (Toy APR 2003 -18 It will be appreciated
that it is also p%‘sm te#e%ﬂa%mgt%@%nﬂ&res of different rubbers. As further
additives there nmay be nentloned for exanple processing aids, stabilizers
and oxi dati on retardants, ents a ai nst thermal deconposition and
deconposition by d‘ll’éﬁ%ﬂt%ﬂeé °‘F‘|Qgtﬁt *lubricating and denol di ng agents, flane
retardan{s, dyes and pigments and plasticizers. The proportion thereof is
generally up to 40% preferably up to 15% by wei ght, based on the total

wei ght of t hdreferaplysiis ber 4,Rsppoialy S, andok Wy dnteges fipen tab,|pyefprablyefiram 2n
anmount s of upo #pespéhialhyr 2fTheaidiyals Rean Blsd hew the stated Mearmpe midapdnderittyosfi 0. 5 t o
3% by wei ghtone diith¢ri Rrgfupdtsy, Fois adwtLgengoinhe an@H AsNHS sadivab conmonl y known,
see for exanple R Gachter and H Miller, Taschenbuch der

Kunst st of faddi ti ve, Carl Hanser Verlag, 1983, pages 494 to 510. The first

preferred gr %Baﬂf: chbQHﬁ'IE acill® af%ethﬂ?@héﬁge@oﬁf 8 th510MArbEx i WBR gfoupsich as

zi nc oxi de, i t n
AL @M h&?ﬁf ggdgﬁ %):ds'ad‘e tnem?ﬁ :

pol ynor phs ( se leom % e ’Forlrh is
preferred for az“ r 9 b %Pcy é*t? é”g’dﬁ& %’?’P BisPBIY he

i nventi on. 26“ }B‘E(fw(;?r “(‘?hq‘f}’é(ﬂmﬁep ﬁ, : ’tQJ’ﬂEarH YE®Ent i on
are irof oxi d‘ép 3l a("lﬂé3 4‘5 eregiﬁ AB 1 81HRa Ak carboxylic s 1) ack
(mixture of mhglassanine paphthalockanines ohS él’%vbmh‘énidﬁﬂa@aﬂ?ﬂ%‘ yHi Qﬁ‘} 13ewAl t

bl ack and antmnlnhglermtmarhwcyhal awd, pAornyedingtrioprboxydice peid) ¥,5, X3 bipyridsl ack,
whi ch i s usualtetyacasedylin tdeid, f 08.m363"-benzopherpactoiragewxpliac kacik ee 183,6,8enzi ng,
Pi gnment e fi i racidigétetravhrbiokylid aciExpetiduiarhr praferdbiyl A33Y-berzenedicart@fxylit tacidi | |  be
appreci a4 ed tiateslcnacgirniml Agl,46-behgnesisatiogilic acihr Sushugopbulflisgaeen or
organi ¢ col orcopinii@atlySavkilehle 35 ca¥ Be PlePiredbs tiplopdst dadceibyBin DEsA-@3n2be used
according to l%belfbﬁH@-QﬁBsﬁmtédOar&hht?d SdriRUAR die 146@SimiQY fdmBli &R Prferdbly

general ly 3o g?%%a%au hvthélxﬁdlé@cﬁ*sﬁnabhére&éﬁnft&ﬁﬁebﬁﬁrepe of advantage to .

use the abovenentioned pignents or dyes in a mxture, for exanple carbon
black with copper phthal ocyanines, si nce th| s generally facilitates the

,([jthper 559 n Of’[[h%?e Q&bs{ céshaq'e ali]?%ﬂp o fe %{ Il E%%ﬁtaﬁ

the | nvent i o A i syf‘r)?mﬁ i ' o o

peri odi c tablPE eré‘ P?Z @Pf"&%@“ &f‘% F'ﬁﬂﬂ TF‘H’Q% Ot Yffy hﬁ]é.fj des,
| des,

‘optional ly i r‘e*l‘?bﬁ’i]jﬂ“l?heli‘q SWIWPF\a "}10 Ici1r 8@’ ‘Cfaﬁ H?:
bromi des or isBel a@ines PHEAThOXHI #idSs Oéi‘ée #e Sapl eas
el ectrodlri cHmpngsimaikepreseRGimshetsifusktion Catbmhc 2@1@8311 vice versa.

t@a cont ai n

The substances are present in an amount from 1 to 50 pmol/g of polyamide,
preferably from 1 to 35, particularly preferably 1 to 20, pmol/g of polyamide. The
substances are preferably present in an amount from 3 to 150, particularly preferably

35 from 5 to 100, especially from 10 to 70, umol of equivalents/g of polyamide. The
equivalents are based on the number of functional amino groups or carboxylic acid
groups.

Difunctional carboxylic acids or difunctional amines are used as chain lengtheners.
40 These have 2 carboxylic acid groups which can be reacted with amino groups, or 2
amino groups which can be reacted with carboxylic acids. The difunctional



such copper conpl exes are copper halide conplexes with tripheny djhgﬂﬁ)%g
for example. It is further possible to use zinc fluoride and zi e.

QO her possibilities are sterically hindered phenols, hydroqui nones,
substituted representatives of tlus gr oul, - secondary aromati ¢ am nes,
optionally in conjunction with 5 phosphorus-containing acids and salts
thereof, and m xtures of these conpounds, preferably in a concentration up
to 1 % by vveicgakﬁqubaacédis @rantihgs, aseivelhas thé carbaxyhit rtid geupEraapine grafps) dov
stabilizers aict conmincany farthatfuhetioaal grosmrapatdd sf reactioncyitarsno groups or

benzot ri azol egrisvAgid&did 2iups PhcrerabMhihe dah6t @ane alyl firthisrdandtidnaReupss of up
to 2% 1 o by ks of'shi?dbl&ﬁf@@l%rﬁ[‘ﬂnﬂl@{@le SHoSOWRRE Krth sa‘HE“x&t’ﬂ cf?ﬁﬁct&ﬁxﬁ?r al l'y

i ncluded.in t Ig; rga s[thF tgél a_ll QJ Hng& Ofs Xm%l ght,
5 e i é?
are steafic acl r ?nd
and al so estel?rgfg;; j % ng- x&e‘ﬁ?dl Nﬂrﬁ §€

al so possi bl ecyf: rOB(T‘ %%H%’ IE"F%‘?\‘ pedy i c
acid and al so"”di’ W@i oEH%s ! ?W?Fe e'i?'é‘hl’ﬁ’l éﬂd.eéﬁf%%lePﬂR% Yamiph o sent

i nvent i on f urfmest b‘h@(ﬁ"&fé“s}’ enegigminenfigm Hyls hDi By addiipnethe diamingecas alsesses.
20 The éRanplkesaromptidalinhptic ) heingipossibledo tyean-xylylepedidmine, forexampbR Enios - 20
Exanpl es The aniimes ¢capsaatly bel suhstivradebrefit-a-adiyl,mrefdublyi GniBlkahphdisald on tig and

t he products atbom skelatonnuous production of nylon-6 from ACN in a M nipl ant
(Exanples 7 - 8) show that caprol actam and am nocaproi c acid accel erate the
reaction of ami nocapronitrile. Conparative Exanple 1. 1o In a 2 liter
pressure vesspifuRfshiPeFbMIl fidveatd, NGr j sxalple, ancke2VhiAC fstin Shitd ith 1400
g of a neacti ﬁm@?xéﬁa&'&iﬁmﬁﬁesaﬂhgﬁ%ﬁxprbgﬂh{eﬁﬂ b hﬁf’@d}@%tb%k){lid"a&dﬁ%ﬁ&h lagd i 0 of
1:4 were stir %}éf ﬁc%&ﬁée@k ta‘P adlﬂé ! 06104, RE re was
48 bar. The u%yéﬂl ”&l& %50 b Eﬁ eF) I“é’seal%' %B?)htflam abignction

of the react | on - as We” asﬁenzed

caprol actam 4 Bgﬂlhg]f%ﬁcfdcgflﬁ@’ &efl\‘/’%rbg Ve I't'e atFyesélfre vessel
equi pped Wi th a heating jacket and an anchor st| rrer, 1400 g of a reaction
m xture of amno onitrile a In a ratjp of 1:4_.20 and an
addi ti of%of 1!B% %fé? Ea&%b)elﬁigpsﬁp (Chfg Pr: %a rAments: & Bmof&bt am
(each based of¥,padclany prcfaatilnfpmyletodOsespecially fram ¢ B, jlw/g REplyamidy.
reactor. The autogenous pressure was 48 bar. The hydrol ysis of the

am nocapronitrile (conversion) as a function of the reaction tine is
reported in TA@doedifg t®%he invention, the product mixture obtained in step 3, or the second

liquid or second solid phase or the mixture of second liquid and second solid phase

25 (from step 4) which each comprise the polyamide, preferably a polymer melt, is
discharged from the reaction vessel in a conventional manner, for example by means
of a pump. Subsequently, the polyamide obtained can be worked up according to
conventional methods, as described for example in DE-A 43 21 683 (page 3 line 54 to
page 4 line 3) at length.

30

In a preferred embodiment, the level of cyclic dimer in the nylon-6 obtained
according to the invention can be further reduced by extracting the polyamide first
with an aqueous solution of caprolactam and then with water and/or subjecting it to a
gas phase extraction (described in EP-A-0 284 968, for example). The low molecular

35 weight constituents obtained in this aftertreatment, such as caprolactam, linear
caprolactam oligomer and cyclic caprolactam oligomer, can be recycled into the first
and/or second and/or third step.

The starting mixture and the synthesis mixture can be admixed in all steps with chain
40 regulators such as aliphatic and aromatic carboxylic and dicarboxylic acids and
catalysts such as oxygen-containing phosphorus compounds in amounts within the
range from 0.01 to 5% by weight, preferably within the range from 0.2 to 3% by



Exanples 5 - 6 with am nocaproic acid as catalytically active 3 a
.2 liter pressure vessel equipped with a heating jacket and an ﬁgh@wemhy
stirrer, 30 1400 g of a reaction mxture of am nocapronitrile and water in
a molar ratio of 1:4 and an addition of 18% by wei ght and 10% by wei ght of
am nocaproi c acid (each based on the ACN fraction) were stirred at 250C in
the seal ed reactor. The autogenous pressure was 48 bar. The hydrol ysis of
the ani nocapmsighty based (csothe eanssivoh pf pelyamiderformiog menaness pedemiamitrilase | s
reported in Tadd eSuitabldschEinampuiéory incl@de €ondxampbeu propiomituetidoncetit gad,yami de
from ACN i n thegzoid suid; tsrephitialic apid @ahd eiaaetohgdiani.ni pl ant appar at us. Q 4 APR
2003 -21 Polyam de was produced continuously according to the invention in
a multistep Mniplant. The am nocapronitril e/ caprol actam water reaction

f
L"aéﬁ‘é{zéféir”ﬁ Ao sg it &H“jf@quf%gsﬁ%i%%‘%ﬁﬁ%%ﬁ a’fﬁg N o e
q r ﬁgtl’ e I"H (’%

out using an cp ?; ght of
ACN and 50% % e'nfe ? used
Was 99. 5% ke WL n eéeﬁéf § GRSy (8 thp rest P of 150
or 600 g/h |ﬂ95’e%F"%&J P &r mPE‘-’alH’tPB?t'IH BPErEmaY e prseiiin t9F campositignsang an
i nt er nal0 | eng$ td@ifivesping yoernih{rom; 0 \K&é‘ ef‘b I“@E%F:ypfsﬁéﬂbb)d frgiy | te 3056 Pyt

pel | et s whi chveight.casaiomn tie ertire eempdsitiont i, type S 150 in the anatase form
and had a strand length within the range from2 to 14 mm a strand

t hi ckness of about 4 mm and a specific surface area of nore than |00 n¥Z/g.
The reacti on Inis)possilele touden for tendmiplay cuseartimpaatmadifienpdiiei are auidbl@&RC. The
pressure in pofaff@shadoveilyfPdeddtherdhe reaction mxture 15 obtai ned was
subsequently transferred into a 2 liter separating vessel and after the
reacti ol at 250C and 4 bar di scharged with the aid of a gear punp. The

product proD‘ﬁJbb@@ vﬂ{lcﬂ Qﬂ'xaﬂ §xe§§r&d[5§%9agm én@ﬁll?%ﬁ@@ﬁ?@@ggeﬂﬁal
residence ti {hich la?a ass@zgm diferinireQr the
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Examples of rubbers which enhance the toughness of the blends include for example:
25

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

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

The copolymers of a-olefins described under the polymers A, including especially
the ethylene copolymers, may also be used as rubbers instead of polymers A and be
35 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 constituent. A hard component is customarily a polymer having a glass transition
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Q 4 APR 2QB o4 core and at least one shell, the structure being the result of the order in which the
monomers are added. The soft constituents are generally derived from butadiene,

5 isoprene, alkyl acrylates, alkyl methacrylates or siloxanes and optionally further
comonomers. Suitable siloxane cores can be prepared for example starting from
cyclic oligomeric octamethyltetrasiloxane or tetravinyltetramethyltetrasiloxane.
These can be for example reacted with y-mercaptopropylmethyldimethoxysilane in a
ring-opening cationic polymerization, preferably in the presence of sulfonic acids, to

10 form the soft siloxane cores. The siloxanes can also be crosslinked by, for example,
conducting the polymerization reaction in the presence of silanes having hydrolyzable
groups such as halogen or alkoxy groups such as tetracthoxysilane, methyltri-
methoxysilane or phenyltrimethoxysilane. Suitable comonomers here include for
example styrene, acrylonitrile and crosslinking or grafting monomers having more

15 than one polymerizable double bond such as diallyl phthalate, divinylbenzene,
butanediol diacrylate or triallyl (iso)cyanurate. The hard constituents are generally
derived from styrene, o-methylstyrene and copolymers thereof, preferred
comonomers being acrylonitrile, methacrylonitrile and methyl methacrylate.

20 Preferred core-shell graft rubbers have a soft core and a hard shell or a hard core, a
first soft shell and at least one further hard shell. The incorporation of functional
groups such as carbonyl, carboxylic acid, acid anhydride, acid amide, acid imide,
carboxylic esters, amino, hydroxyl, epoxy, oxazoline, urethane, urea, lactam or
halobenzyl groups is here preferably effected by the addition of suitably

25 functionalized monomers during the polymerization of the last shell. Suitable
functionalized monomers include for example maleic acid, maleic anhydride, mono-
or diesters of 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

30 range from 0.25 to 15% by weight, based on the total weight of the core-shell graft
rubber. The weight ratio of soft to hard constituents is generally within the range from
1:9 to 9:1, preferably within the range from 3:7 to 8:2.

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

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

40 segments, derived from low molecular weight diols and dicarboxylic acids. Such
products are known per se and are described in the literature, for example in US
3,651,014. Corresponding products are also commercially available under the names
of Hytrel® (Du Pont), Amitel® (Akzo) and Pelprene® (Toyobo Co. Ltd.).
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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.

35

Oxidation retardants and thermal stabilizers which can be added to the thermoplastic
compositions of the invention include for example halides of metals of group I of the
periodic table, e.g., sodium halides, potassium halides, lithium halides, optionally in
conjunction with copper(l) halides, for example chlorides, bromides or iodides. The
40 halides, especially of copper, may also contain electron-rich p-ligands. Examples of
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In a 2 liter pressure vessel equipped with a heating jacket and an anchor stirrer,
1400 g of a reaction mixture of aminocapronitrile and water in a molar ratio of 1:4
20 and an addition of 1% by weight, 5% by weight and 10% by weight of caprolactam
(each based on the ACN fraction) were stirred at 250°C in the sealed reactor. The
autogenous pressure was 48 bar. The hydrolysis of the aminocapronitrile

(conversion) as a function of the reaction time is reported in Table 1.

25

Examples 5 - 6 with aminocaproic acid as catalytically active additive

In a 2 liter pressure vessel equipped with a heating jacket and an anchor stirrer,

30 1400 g of a reaction mixture of aminocapronitrile and water in a molar ratio of 1:4
and an addition of 5% by weight and 10% by weight of aminocaproic acid (each
based on the ACN fraction) were stirred at 250°C in the sealed reactor. The
autogenous pressure was 48 bar. The hydrolysis of the aminocapronitrile
(conversion) as a function of the reaction time is reported in Table 1.

35

Examples 7 - 8: Continuous production of polyamide from ACN in the presence of
caprolactam in a Miniplant apparatus.
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10°0'0 range from 2 to 14 mm, a strand thickness of about 4 mm and a specific surface
area of more than 100 m2/g The reaction mixture in the tubular reactor had a
temperature of 250°C. The pressure in the reactor was 60 bar. The reaction mixture
15 obtained was subsequently transferred into a 2 liter separating vessel and after the
reaction at 250°C and 4 bar discharged with the aid of a gear pump.

The product properties of the polyamides produced and the corresponding
residence times are listed hereinbelow in Table II.

20
The purity of the aminocapronitrile used was 99.5%.
25
The comparative products or examples were prepared by reacting ACN with water
without caprolactam under identical process conditions or at the same process
parameters. The process parameters and the product properties are tabulated
hereinbelow. Throughput is the mass flow of reaction mixture through the first
30 process step.

CL: caprolactam

ACS: aminocaproic acid
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1. The use of lactams, aminocarboxylic acids or mixtures thereof as accelerant or
cocatalyst in the production of polyamides from aminonitriles and water.

10 2. A use as claimed in claim 1, wherefor the lactams, aminocarboxylic acids or
mixtures thereof are used in an amount of from 0.3 to 10% by weight, based on the
aminonitrile quantity.

3. A use as claimed in claim 1 or 2, wherefor the lactams, aminocarboxylic acids or
15 mixtures thereof are used together with metal oxide fixed bed catalysts.

4. A process for producing a polyamide by reaction of at least one aminonitrile with
water, which comprises the following steps:

20 )] reacting at least one aminonitrile with water at a temperature from 90 to 400°C
and a pressure from 0.1 to 35 x 10® Pa, which reaction can be carried out in the
presence of a Bronsted acid catalyst selected from a beta-zeolite catalyst, a
sheet-silicate catalyst or a titanium dioxide catalyst consisting of from 70 to
100% by weight of anatase and from 0 to 30% by weight of rutile and in

25 which up to 40% by weight of the titanium dioxide may be replaced by
tungsten oxide, to obtain a reaction mixture,

2) further reacting the reaction mixture at a temperature from 150 to 400°C and a
pressure which is lower than the pressure in step 1, which reaction can be
30 carried out in the presence of a Bronsted acid catalyst selected from a beta-
zeolite catalyst, a sheet-silicate catalyst or a titanium dioxide catalyst
consisting of from 70 to 100% by weight of anatase and from 0 to 30% by
weight of rutile and in which up to 40% by weight of the titanium dioxide may
be replaced by tungsten oxide, the temperature and pressure being selected so
35 as to obtain a first gas phase and a first liquid or a first solid phase or a mixture
of first solid and first liquid phase, and the first gas phase is separated from the
first liquid or the first solid phase or from the mixture of first liquid and first
solid phase, and



10:'y YOLO%&: ()-f10% ()-f100& ()-fF10% ()-1G 10%}& ()-!!1G 10%} § { PR 2003
~ @!! 10:fMLO% ()-I"YL0% ()- 10 10 10y/ 10%& ()-y.

109 ()-!y&G 10% ()-- FcdefnT: @!!

10\ p210%& () -\ p210%& () -\ p210%& ()-\p2109%& () -\ p210%& ()-\p210%& () - f SLOYE
()-fglyZ :@!! 10\p210%: ()-\p210%: ()- 0\ p210%& () -\ p2109%& () - \p210%& () ) ?

X002~ @@ !!
.*02~ @@!!
L *02~ @ @!!

10\ p2109& () \ p210%& () \ 10%& ()-\ 210%& ()-\p210%: ()-

(350\ P éﬁ. ‘ﬂ’% h g x ebP g
%02 - @@1!0\18 B80! gol}lg“ b () )?
L *02/27. 7~ @@! 1 te perature to 3 a pre

10\ p210%& () -\ p210mjenally \nﬁbqewnes of %‘2 ﬁm)ﬁﬁ Ceﬁab%@l@%n ePic)dﬂct mixture,
* 022 G\CEMNOP{ ZM@B! | 10U710U7p10U7( \ > 109%J7& ()- \> 109%J7& ()-
\ >0DI7& () - F\ p210%&: () -) ?
. * 02Pgqr b BM@herthlepfeadinids &arfiyd oyrfil 10IRAST 8hg Of-stqph PLONMKIRY i fhepéLaGHC7& () - ~
\ff:109K7& ( Jactainy, drlidodariSoxylic acitidaBt mndiES thereof in an amount of from 0.3 to 10%
&2pf 210%(7&U#%we f12 b 6& the arndiin? d DM ASnifrile nfeli2109K7& () - ~#3

&2 DvV@!! 10
&2 pf 210%(7&
100

/K?&

pf 10%<7& ()-~#3
() ~pf 210%K7& () - ~pf 210%K7& () - ~pf 210%K7& () - ~04{ ?2M@B! ! 10Utpf 2

PPHOCRY R chabined P lairm 4, whjeh aditionally comprises ths fllpwing sty

10%7& - 2, &

15

20

25

30

35

40

(4)  postcondensing the product mixture at a temperature from 200 to 350°C and a
pressure which is lower than the pressure of step 3, the temperature and
pressure being selected so as to obtain a second, water- and ammonia-
comprising gas phase and a second liquid or second solid phase or a mixture
of second liquid and second solid phase, which each comprise the polyamide.

A process for producing a polyamide by reaction of at least one aminonitrile with
water, which comprises the following steps:

¢)) reacting at least one aminonitrile with water at a temperature from 90 to 400°C
and a pressure from 0.1 to 35 x 10° Pa, which reaction can be carried out in the
presence of a Bronsted acid catalyst selected from a beta-zeolite catalyst, a
sheet-silicate catalyst or a titanium dioxide catalyst consisting of from 70 to
100% by weight of anatase and from 0 to 30% by weight of rutile and in
which up to 40% by weight of the titanium dioxide may be replaced by
tungsten oxide, to obtain a reaction mixture,

(@3] further reacting the reaction mixture at a temperature from 150 to 400°C and a
pressure which is lower than the pressure in step 1, which reaction can be
carried out in the presence of a Bronsted acid catalyst selected from a beta-
zeolite catalyst, a sheet-silicate catalyst or a titanium dioxide catalyst
consisting of from 70 to 100% by weight of anatase and from 0 to 30% by
weight of rutile and in which up to 40% by weight of the titanium dioxide may
be replaced by tungsten oxide, the temperature and pressure being selected so
as to obtain a first gas phase and a first liquid or a first solid phase or a mixture
of first solid and first liquid phase, and the first gas phase is separated from the
first liquid or the first solid phase or from the mixture of first liquid and first
solid phase, and
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7. A process as claimed in any of claims 4 to 6, wherein the temperature and pressure in
step 1 or in step 3 or in both step 1 and step 3 are selected so as to obtain a liquid or a
solid phase or a mixture of liquid and solid phase and a gaseous phase, and the
15 gaseous phase is separated off.

8. A process as claimed in any of claims 4 to 7, wherein the reaction of step 1 is carried
out with a molar ratio of aminonitrile to water of from 1:1 to 1:30.

20 9. A process as claimed in any of claims 4 to 8, wherein 6-aminocapronitrile and
caprolactam, aminocapronic acid or mixtures thereof are used.

10. A process as claimed in any of claims 4 to 9, wherein the lactams, aminocarboxylic
acids or mixtures thereof are used in an amount of from 1.0 to 7.0 % by weight,
25 based on the amount of aminonitrile used.



