0050/ 50944 ~ *159159* Conti nuous production of copol yanm des based on a
lactam (1)0050/5094d ne (I1) and a dicarboxylic acid (111) ﬂmmm‘mmmml‘m“n The

‘present invention relates to a process for continuous prod _ _
copol yam des based on a lactam (1), a diamine (1) and a dicayhpyylic acid
-(1'1'1), which conprises 10 reacting a mxture (1V) conprising a diam ne
(1), a dicarboxylic acid (111) and water in a first reaction zone ,at a
pressure in .the range from1l.3*105 to 2.5*105 Pa in the entry zone of the
reaction FOREIBHQUSIPLRdUSHBER 2% GoPI¥sBide: hased Ry polantast (15, pal yner
(V) to a Cdavérsi bRL) baded dicathoxydligr aabduli)of dianmine (11) and

di carboxylic acid (1I1), of at |least 80~ to form a polymer (V), reacting a
m xt ure 5 BeceppPiswi ng | actam (1) and water in a 20 second reaction zone
at a pressure in the range from 5*105 tob 40*1g5 Pallt_n t he _entryfzonle of
the reacti zone and at a.te rature above the nelting point of polyner
(M) to g?lgc %?/séerrgti &r?,"eBgﬁ%’an%ﬁattﬁé 81 ArPLRffGT I8F FORGEWOCEF), of at

| east 8OPTPHUFLIPR £ipSPpREYanides) bagediprm rlastamngl polay Wening ehe)

pol ymer (¥nd) avfli¢rrpstyldchacid n(I4I)t, hwhich emnipirdeegone at a pressure in
the radge from 1*105 to 1.5*105 Pa in the entry zone of the reaction zone -

at  tenperahytesg abamethbe B iddhpRsihg o AAWKE (£ ) 1) diB.IREM A 30
pol ymer (YLhk) (r28 dnoly {1l e rQ{E}V}f(? t%ﬁ%%&%\%{ ?e% O{(’\X rre%ggggil)gé ¢
content, Qsed on 1l act am *osdlamn*eés a a Wi r(II!), o]
not nore tﬁgnri’b@_b@%? 1;0°afg Enehl ExPradhi HRe (HEForPRRIOF Wl ) with

wat er to &BREFHCR HENe38NE ol Fiemgeratipee pReyenthe nmektingnpbdnt hef rel at es
t o copdiSyanitueer obblaitrabl eonyprsilens pasedssm the mbear amgmnteroproducing

fibers, sHéehinkeII9tanataiestaxglsbageth artigless anthd2f bherso Jiget ! i ke

40 struct dr gs1pmsk Skgped articl es based on the copol yam des.

reacting a mixture (VI) comprising lactam (I) and water in a

20 second reaction zone at a pressure in the range from 5*105 to
40*105 Pa in the entry zone of the reaction zone and at a
temperature above the melting point of polymer (VII) to a
conversion, based on the molar amount of lactam (I), of at least
80% to form a polymer (VII),

25
then reacting polymer (V) and polymer (VII) with each other in a
third reaction zone at a pressure in the range from :
1*105 to 1.5*105 Pa in the entry zone of the reaction zone at
temperatures above the melting point of polymer (VIII) to form a

30 polymer (VIII), said polymer (VIII) having a 95°C water
extractables content, based on lactam (I), diamine (II) and
dicarboxylic acid (III), of not more than 10% by weight, and

then extracting the polymer (VIII) with water to obtain the
35 copolyamide.

The present invention further relates to copolyamides obtainable
by this process, to their use for producing fibers, sheetlike
structures and shaped articles, and to fibers, sheetlike

40 structures and shaped articles based on the copolyamides.

Processes for continuous production of copolyamides from lactams,
such as caprolactam, and equimolar amounts of diamines and
dicarboxylic acids, such as hexamethylene adipate (”66 saltv),

45 are common knowledge.
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Processes for continuous production of copolyanides fromlactanms, such as
caprol act 0505094 nol ar anmounts of di am nes and di carboxylic acids,
‘such as hexanet hyl ene adi pate ("66 salt"), 45 are common know edge.

0050/ 50944 2 DD 110 507 describes such a process where caprolactam 66 salt
-and water are fed to the top of a vergical colum reactor (VK tube) and
‘pol ymeri z%g w t ebe ak) el ev ted erature and evat ed pressure by
passing t ha i eac r’rﬁfé k- F8F 5% "fhfﬁr&uﬁﬁpfﬂ GtATe, 64n82%% the
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|i kewi se has van :fge 0 tl e mai nt enance of a constant tenperature
in the 30 face of the evaporation of the water of reaction. In addition,
the pr@QofBetht®98n44f vétsqliopest 8 pragess dprdtherprodussiphaefa consi stent

hi gh prodeerolyaaiides . i En dilfifs pubtes®, achiavwédi the hieaqprionemsténinl 35 EP- A-O
393 546 dssLidifiging ps oL eSsSulREbE Phélevadeatsos A fitdhanwafe£qs nol ar
amount s ofeactdic]i B8 @qwla&fs sedbg e wwelenaggdcar&m%asg tQ&&w@ta t ubul ar
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subsequg SHAEES Wt %P’Pgﬂd ﬁ@t éﬁ?%nﬂ‘aﬁ‘aéséﬂrﬁmw&r’ﬁwmt hr ough
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VK tube asentsigpyanaledrempveddimett| iatfwrthes| comddnsedeamyatgossticaricvapor Vi a
the top ofreassmreolinnm andrenedpnhl NoarateraqEROs SprhcREsNe ikewidd Qfas Rhe t he
pol ymer i z@idadvanage dbsatheanhageNdide 0H & éénﬂé?&eiémbéré%é Q)
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nor phol o I.stributio Qn ¢ i and of
uni ltos bag'e gbn&e%sea AN %6/%41‘0 '1815%% liaE‘lﬁgf os‘?M"tl'ﬁ‘lt at he

copol yani %%‘SJ‘ISGFHF hlelgs‘hrﬁ§°&f‘6§sqwm ii6i hff’rcﬁﬂéd(ipt rehieysdmprdéess,
whi ch reoRHqC@§SVK°?ube residence tinmes of 8 to 14 hours, provides only a
| ow space-tine yield.

35 EP-A-0 393 546 discloses a process wherein an aqueous solution of
equimolar amounts of a diamine and of a dicarboxylic acid is
passed through a tubular reactor at slightly elevated pressure
and with concurrent evaporation of water to form a vapor phase
and a prepolymer. The prepolymer melt is subsequently mixed with

40 molten caprolactam and passed downwardly through a VK tube to
form a copolyamide. The vapors formed at the entrance to the VK
tube are separated in a distillation column by removing water
vapor via the top of the column and recycling an aqueous diamine
solution into the polymerization. One disadvantage with this

45 process is the low flexibility with regard to the production of
copolyamides of different morphologies, ie. the distribution of
units based on caprolactam and of units based on diamine and



51t is an object of the present invention to provide a process for

conti nuouspos®BEddspn of copol yam des based on [ actam di am ne and

"di carboxylic acid whereby such copol yam des are producible in a technically
si npl e and econom cal manner whil e avoiding the 10 di sadvant ages nenti oned.
.W have found that this object is ach&eved by the process defined at the
‘begi nning, b coBoI yanm des obtai nabl e by this process, by the use of such
copol yam dESAFBPXpHRI RGN VEFBER sthes epplyamide, Sorysharsanegdoshaped
articl es, CoNPOE}tieherkn addation kehet pyoceses varidhs lrageires tvikckabebased on
such copolneaiddese fimed act antd )4 Moyrsn Provicded ond¢ a USEGpaicBOL Ynd'

m xed - ampellactam ie. any cyclic conpound having at |east one am de group
20 in the cycle, or any am nocarboxylic acid, ie. any conpound having both
at | east %e.gmarrlloo royp an at_| east one cayrboxyl grou@g Preferred

ani nocar boxyl.c act os ar & oYL ARG APPIXFIIT B PUSYISS 2 HFeEraf | for
onega- ani ﬁB\ééfLBBR‘W iRroguchion Rf (fppelysnides hrased grokestamr dipméher ably 4
to 9 carbamdaddaerbexyliiige agidywhensbyt suchrcapolymimidak kytarptodaai B yir ¢

aci d havi rg t8chniddl pashaplat &M ddonbiiecal kidnidd Ghyie! voddich c€Rse

pr ef er eNr AisadgaNE€sydL MeRes6ndWi ch have an al kyl ene group of at |east one
carbon atom between 30 the aromatic unit and the am no and car boxyl group.

Especi al | eferred L noal kyl aryl carboxylic acids are those which have
thg ani no¥’ Péﬁ‘ﬁea %lfnég%f)“i T’h%‘r cﬂﬁ%ef"ﬁ thefahipveds by bhe rRioseps edebinash
other. 352 n?jh%n%%i-%ﬁ‘ﬁmcgl’ ropalyemides ektadnablapbe trisf rabess a By near
onega- am #beandexsd issmichccdpolyantiidels fbe mitdddcdme fbetsy, (shesR1)ker ef erably
cont ai 1S étroctidresand pheped drticdebd Hhd W FaBedk PNBhectiGReas

4- ani no- | shehanecdy Ry khspdfifbr iv12881 H9sdg Wkﬁeﬁcééaé’%géwiﬁeé@' d,

6- am no- | - pent anecar boxylic 40 acid (6-am nocaprolc

7-am no- | ;rgex necar boxylic acid, 8-am no-I-heptanecarboxylic acid,

9- ani no- | T0Gt afeeHt HOlyPPE HEiBF 1 8PS PR -1 UFsHaR&RAtH Sy FiEedct Bny

parti cul atPGtPPefiEraBry evakihseaprund having 45 Ypeste anechmade npoarboxyl i c
aci ds #0einaphs|eyadle,f or namy amdapaasboiy Liwglactid; mhé i amyofcompéysd i C,

pref er abl yaviterealh agniesst e dmEnof grdiph ahach8Mbedst Me2dy AR RAEOUS
option, mggsupseference 0050/50944 4 being given to the use of ["actans of

| i near omega- am nocar boxylic aci ds whose al kyl ene noiety (-CH2-) preferably
cont ai ns zplrigp Sg More gr feralbl_y 4.t0 9, carbon atons, such as the |actam
of 4-aminb-T- DIt ah&PAPBIAIY1AE AC1F aF'e, PrRgeraPpIRCaTLORY bk \AGidss aci d,
of 6- afPnBEPeilyn eReFRTANANOCagbPRY L imRcdigc hawing of to 12 carbon
7- am no- | aheRen dexebpxgferatdyi 4, tof 9 Ssakiomo akeongpt Aneter bokyl inpiaeiyg, of
9- ani no- | epcamradankhdkyl sty 1aeiatbo®d id-aTidN Bak i HY NENRL ABLEXYIE AGKS.
particul aihythy @fIRKAbhYiSBP AnaGh8Ph case preference is given to those

which have an alkylene group of at least one carbon atom between

30 the aromatic unit and the amino and carboxyl group. Especially
preferred aminoalkylarylcarboxylic acids are those which have the

amino group and carboxyl group in the 1,4 position relative to
each other.

35 Any omega-aminocarboxylic acid used is more preferably a linear
omega-aminocarboxylic acid in which the alkylene moiety (-CHz-)
preferably contains 4 to 14, more preferably 4 to 9, carbon
atoms, such as 4-amino-l-butanecarboxylic acid,
S-amino-l-pentanecarboxylic acid, 6-amino-1l-pentanecarboxylic

40 acid (6-aminocaproic acid), 7-amino-l-hexanecarboxylic acid,
8-amino-l-heptanecarboxylic acid, 9-amino-1l-octanecarboxylic
acid, 10-amino-l-nonanecarboxylic acid, particularly preferably
6-aminocaproic acid.

45 Where such aminocarboxylic acids are capable of forming lactams
through formation of a cyclic, preferably internal, amide, the
use of such lactams is an advantageous option, more preference



10 15 It will be appreciated that it is also possible to use m xtures of a
plurality cgs0/094s, a plurality of am nocarboxylic acids or m xtures of
‘one or nore lactans with one or nore am nocarboxylic acids. If desired, it
is also possible to use lactams or am nocarboxylic acids derived from _

. branched al kyl ene- or aryI ene- or aI kyl aryl enes. 20 The di am ne (I :j)hmay I n
-principle.be - use -—any di am ne, any, conpoun avi ng
gt Ieagt t%“&n?h‘ée@r%%%é‘ Eﬁﬁho afrt@ﬁ‘ﬁt pE Linedds °mF8?°%‘9<’d}?ﬁaé’b°xY11°

1, 4- phenylasidsi ¥hose ajkviene. BPisH I ddCHachyRysiepahdy eontainshdtte b4 nes.
Preferred mfﬁpnaef%r@ﬂwnés tar 8, t¢axrbginphaapnsegarahi asi hbe, laspaciodl |y 25

al pha Orrega-amh.hyl-mtﬁfhaaﬁbﬁebohﬁl/icﬂ@&dt,Ooi%-@hbl@llab@ﬂﬁané&&%oﬂf(@i@rab' y 3

to %g cay el a9t 8856 —dmi o€ - LKVér?étf‘aeft"ka?&Yaé i A%&FE& A8 hgvnbglgng
to 14 carbonahLgms. ahﬁ%a@ @Qﬁl Yy, BE€]S am&p Y B REe el g

al kyl aryl ne h KT efie roup
bet ween tﬁ‘é: ?0 3$ ﬁlll ?cﬁ?fbe‘iaf% g G rgPdups, such as
p- xyl yl ené‘(ﬂ’l'éﬂiﬁ%'anogS‘raé‘\eéﬁ’éB‘P’yY#ﬁQQalcy-Fienmmud@rIYher@#qméDWrmga di ani nes
used are papietadtamd i near al pha, onega-di am nes in which the al kyl ene

noi ety 0 CHZ-) 35 preferably contains 3 to 14, nore preferably 3 to 10,
carbon at g i $UCke p%eélgté@n QEaE » alsdh ? g xtyres
1, 5-di am pgpgn fﬁ'.:ealll g . nohe exgggl iggla%y ene qugoxyllc azlds

1, 7-di am ngohe i am nooc't
1, 10- di am°r’foﬁ‘g’é‘é‘h‘ées 5r PFEU?’ér’F‘iFeprlé‘Féﬁ’ablV%P&ﬁe?ﬁﬂ%dl am ne. 40
Hexaret hylaé‘ﬁéﬂ%ﬂfﬁ%’é’h@ 8Bid$ nabl e in a conventional nmanner by double
cat al ytlisc hydrogenation of the nitrile groups of adiponitrile. 45 It wll

be apprecirat adsited, it is als® grsibbberd QlééSQaEﬂtéﬁ\b”&S aQ:fln%ch:H&?}i foy of
di am nes. acQQ?)OééQL%‘& 2rbh SESidRG ahk {&ndll %‘} QP2§+ Ppae) eo use di am nes

derived fr yl ene- or ary ene- nes, such as
2- nethyl-I?g&gggﬂfnopentane

20 The diamine (II) may in principle be - used singly or mixed - any
diamine, ie. any compound having at least two amino groups, such
as aromatic amines, for example 1,4-phenylenediamine or
4,4'-diaminodiphenylpropane, or aliphatic amines. Preferred
aliphatic amines are the alpha,omega-diamines, especially

25 alpha,omega-alkylenediamines having 3 to 14 carbon atoms, more
preferably 3 to 10 carbon atoms, in the alkylene moiety, or
alkylaryldiamines having 9 to 14 carbon atoms in the alkyl
moiety, preferred alkylaryldiamines being alkylaryldiamines which
have an alkylene group of at least one carbon atom between the

30 aromatic unit and the two amino groups, such as p-xylylenediamine
or preferably m-xylylenediamine.

The alpha,omega-diamines used are preferably linear
alpha,omega-diamines in which the alkylene moiety (-CH,-)

35 preferably contains 3 to 14, more preferably 3 to 10, carbon
atoms, such as 1,3-diaminopropane, 1,4-diaminobutane,
1,5-diaminopentane, 1,6-diaminohexane (hexamethylenediamine,
HMD), 1,7-diaminoheptane, 1,8-diaminooctane, 1,9-diaminononane,
1,10-diaminodecane, particularly preferably hexamethylenediamine.

40
Hexamethylenediamine is obtainable in a conventional manner by
double catalytic hydrogenation of the nitrile groups of
adiponitrile.

45 It will be appreciated that it is also possible to use mixtures
of a plurality of diamines.



5 The dicarboxylic acids (I111) may in principle be - used singly or mxed -
any di car I@@P}d/lgb jd, ie. any conpound having at |east two carboxyl
‘groups. Preferre I carboxylic acids are the al pha, onega-di carboxylic
aci ds, especially al pha, onega-al kyl enedi carboxylic acids having 3 to 14
.carbon 10 atons, nore preferably 3 to 12 carbon atons, in the al kyl ene
oi ety, or an aromatic C8-Cl2-dicar b0'§<yl ic acid such as isophthalic acid,
especi al | yft deepredalitc igcaliso anssibie to MpeCyiendhes| demiomtdc fromxyl i ¢ aci d
such as cprhobesdreldkiydeanbexgt iarydend- 46 dlkylalrphaneseogsrali @ar boxyl i ¢ aci ds
used are oemetipyEfrrsadiymihdweitadlefha, onega- di carboxylic acids in which the
al kyl ene noiety (-CHy-) preferably contains 2 to 14, nore preferably 3 to
12, carRko t .as -1, 2-di carbaoxyli.c,acid (succinic 20 acid),
pr opaneEg I q‘g-gdﬁ%ggarrbox I,flg %(g%%a&}%e arrt Ja%ipdf)l?ﬁcﬁﬁitﬁn%? 1 Af-s(ﬁ’%cﬁf'ﬁ ¥19% acid
(adi pi ¢ aftH§d pHYaSECRIRO it BGiGy i tea @Y COMREVRE havidy, at least
hexane- | , 5¥@| eyl gEoues d Rrafesred di¢apboxydptameids aré theboxylic acid
(azel ai ¢ atphbiy,oyaadiancbdxBidi aaitsxyéspedeildy(sebaci ¢ acid),
nonane- |, Q1ph& poteall ky 26hékii 3eBBR91 de 1db-idsCALPOXY! 3 CeRGiadcappsticul arly
pref er alol ¥xafl PirforCipde s AALDI P 24501 S AN NABhe T1h 3.1800YghTLOnal manner
by oxi dat 85_1e§0 oc;‘r Cai{}CFOoeX@‘ e. I{; W I.? e apprecl ate “h&7t°T% al so
possi bl e t"o S Ol BECHRELE Seur it GAEPORN s BGAP PRC@%s. 35 I f
desired, FF°$"§t%ﬁ]§G 6idi pepacdadd¥ teterydatircagid denderilsedafrom
branched &stGe-€iielogtkanedicasborylixd lapidr shemess cHied ohekaned iararbaki biof
di am ne aadidli carboxylic acid in mxture (1V), mxture (VI), insofar as
m xturas(Vl) includes diamne (I11) 40 and dicarboxylic acid (I11), and the
copol yam 4 1.3 a i : j t - th ntifative
st at enent ffi@oﬂcpﬁl}{i%ﬁ%gevat?gﬁﬁéﬂgi%% é‘gﬁ%go .\égat hggsliﬂoxtet ¢ g?gﬁ?b%ﬁ' amne (1)
and any diamne équivaPeriy oq-8r 85¥£bﬁnﬁf§' FRAWBECR tthei REKWI®NG ne under
the pr oce@%lec%di'%i“éﬁ)s Riefegablyeontadmns dstd Hhd moxiei Rgedsraitlyasbbryl i c
acid to bé2trarhem aoems, cfucti ear eblkane-d ,2eddcétivoldyldmd aamy (Swsrimdxyl i c
aci d e@Qi aaldnt propanecbPpaliedsbukyTic reedat (ylkearidliaeaalypxylic acid under
t he procebstmndi,uiansafiodylec acf@5UHPIE4a6idvention, used, such as

dini trilegenst eyl d_adyvay QHSLéfi@e(lﬂi b8 E?ﬂQF from0.8 to 1.2,

pr ef er abl m,0.95. 1.05,. parfLc ?,\ preferably fromo0.98 to 1.02

(equi nol afr; Hr% A %rﬁ it:gr\)rbcfxa’ tlﬁeafh(?/eﬁsﬁ%@ﬁ%‘fn?ﬁﬁeﬁr’e (1V) includes a diam ne

(11) and FREPE Doyt ERIYLEF #§1d Hazedpifi #ekd)4 1) and di carboxylic

aci ds @%199tans—ig 8udignrrbaxyddérhaeid Rragbeciedacidbi nati ons of diamine (I1)

and di carbanarie-d,8edic{tidxyldreathd, clardaneal | bhvsdiafarbexgned hadienedi am ne

Wi th adi pparticudardd srdferabl) hexsiwtdeylenedi amine with sebacic acid,

hexanmet hyl enedi am ne with i sophthalic acid, hexanethyl enediamne with
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pref er%)la/f ce;éeirgg n nee.ne amne w

It will be appreciated that it is also possible to use mixtures
of a plurality of dicarboxylic acids.

35 If desired, it is also possible to use dicarboxylic acids derived
from branched alkylene- or arylene- or alkylarylenes.

The molecular ratio of diamine and dicarboxylic acid in mixture
(IV), mixture (VI), insofar as mixture (VI) includes diamine (I1)

40 and dicarboxylic acid (III), and the copolyamide obtainable
according to the invention - the quantitative statements which
follow taking diamine to be the sum total of diamine (II) and any
diamine equivalents, ie. compounds which react like a diamine
under the process conditions of the invention, used and taking

45 dicarboxylic acid to be the sum total of dicarboxylic acid (III)
and any dicarboxylic acid equivalents, ie. compounds which react
like a dicarboxylic acid under the process conditions of the



15 According to the invention, mixture (I1V) is an aqueous sol ution of

di am ne (lgosorsbgligar boxylic acid (111). Advantageously the anount of the
‘'sumtotal of diamine (I1) and dicarboxylic acid (I1l1) in the mxture (1V)
should be in the range from 30 to 70~ by weight, especially from50 to 65~
-by weight. 20 Mxture (1V) may furthé |ncI ude a lactam (1) subject to the
-provi so that the nolar anount of | act in the mxture (IV) is less

than the fOVEPtERBUMSes: BUEh (q’)“-lﬁ'-ﬁliﬂé mishawle adyantagepmsiigbeuin y,

m xture (tYp raegedieemd -8oto0l- Dy preifghablY SErepdcPal ty Lyd5,0 15~ by

wei ght, ofparaicabaxly drefedably nframiinegl 0.1 Mxt(egeindiary.ncl udes water as
well as lactam (1). The anmount of water shoul d advantageously be fromO0.5

to 10~ by p \A@bgéiné% %gegh%llﬂylgr{ O %tﬁ?e %I\P)y “%Fﬁgé J)%Slacg]une g%ﬁ,:].rg

Vi M d
<(atc 31 (Ili( e e%] ec 1{%11¢ ot SG[CE[I ??‘ie Hiesakd h?n‘lﬂ‘ CQEPFR%Y ¥19) and

di car boxylaic& d8cf H ) Iqe)lnﬂn“§ﬁ‘é1?nt>&9@|’"-8385 Rreferred sgmbinationseofvl ar
amount of ddpmimee(¥]) pndndidaxkarydxgl acidc( L) lakk the tdwenbiinetioes (o ) .
Advant agebesghyethxteneeighlije i mcdiid@diptilp 40idS®edyane) ght, especially up to

$g~mb¥t1\3remhaﬁtmﬂ%@ﬁgggggflymu%%eggggia&%ﬁ@f& ét’y g Qh&'&u&ased
ddi Epbthing IR U ndAm PrRR gﬁc’rc PFF tanq
par t1 cul af Py ARG 630" frarxsm(meae BEn ) 1 CaaaRt P AT REPEREAR LIt am

(1) while Pr?‘%‘!‘%l\‘féY](e\HeFl&Bé§er?blttflaaéllpién%ﬂ=4C§/ 45 include diamine (I1) and
di carboxylic acid (I111). 0050/50944 7 According to the invention, a

m xt ur a5( Aordingeant etleainveprions Unextird herviangeah r amebud* é@iuiibr? 5*105
Pa, pref ebabaya:ﬁim(kx?ﬁ #8%irbory i@é &g | 'htx e &foc% hg,d eacti on
zone and gf, tg[ng vleotfh(gi 42 g[],IC;m f%‘é‘% bi nthe 5
range fro g’g g (fri[é]bI\F/ g 5 ?gS v on, based
on the m)l 5‘?‘ Y5 ppu ‘ilnob‘?jllé’artﬂﬁxﬁf"i’%e g éP1 ¥y, 7% at
| east 80~ Ye% tal Ie§P861ﬂ-)ll96510m| AO0ate &%k byeweiglh. zone. 10 The reaction
tinmes §I90u| d advant ageously be in the range from40 to 600 seconds. To this
end, m xtMigtfde/)(Ivgymhe feHedd inBliu@eCd QaztiiMO\) PAbieRtl 86 the
p0|ynEr|Z§£b&H§b tha@f ehabhyl driRibaht ' SACERAt3m 32) in the mixture (IV)

is less than the molar amount of lactam (I) in the mixture (VI).

Advantageously, mixture (IV) includes up to 20% by weight,

25 especially up to 15% by weight, of lactam (I) based on mixture
(IV).

Mixture (VI) includes water as well as lactam (I). The amount of
water should advantageously be from 0.5 to 10% by weight,
30 especially from 2 to 7% by weight, based on mixture (VI).

Mixture (VI) may further include a diamine (II) and a
dicarboxylic acid (III) subject to the proviso that the molar
amount of diamine (II) and dicarboxylic acid (III) in the mixture

35 (IV) is less than the molar amount of diamine (II) and
dicarboxylic acid (III) in the mixture (VI). Advantageously
mixture (VI) includes up to 15% by weight, especially up to 10%
by weight, in total of diamine (II) and dicarboxylic acid (III)
based on mixture (VI). Particularly preferably, mixture (VI) does

40 not additionally include a diamine (II) and a dicarboxylic acid
(I1I).

It is particularly advantageous for mixture (IV) to additionally
include lactam (I) while mixture (VI) does not additionally
45 include diamine (II) and dicarboxylic acid (III).



The internal cross sections of the tubular reactors may be round or

peri odi.caldoso/®094aqd ngly round and sl ot-shaped. Reaction tines in such
‘reactors may range in particular from40 to 120 seconds. 20 The tubul ar
reactors may contain' packings, such as ordered internals or |oose beds, for
-exanpl e stati c mxers, packing elemenys, Raschig rings, Pall rings,

-especi al | gn fabri % rings prefera Iy fromw re net. Such packi ngs may
be used t GCSRFEIRR th&PEniRYSRE IR faRExElTe, (V) BE FRarhes at2s The

reacti on PFRBEUTSH J§Ud=t1?er gargoriramy - BARYR tion 2parL9T Hear preberdl8y tfarofi00
seconds. CedBtH0] tot ReS5t105tPar,ednt tioe emmanpe otk Ctse a-ehwl@ﬂﬂaaﬁlénahaur e of
30 a |liquad pheamperdtRieSabevd AneTRE1{ Mg FHink 828Sph dmg wat er .
The gas sp?'aﬁée'&cﬁﬁj\é%@t @sesw'cy ﬁgfé@g@g &&8 559 éa %'sdc pQ%S% ownstream

of theflr éleéaxftlon Z0 as well as water, wll

i ncl ude 35 unconvoenr’t &§58 ar C%be % ?%‘B’rneae‘rl&%ﬁgd After
condensat f4fid g&§lﬂhh§%1)'pr°éf éFa%ﬁ%sfafstoép sEpeetpldm 86oheeMi¥ ati ng of
t he t husl ynobt%irrﬁé?drlelaqultgnpﬁm@e in water and a solution of the starting
conmpounds in a conventional manner, for exanple by extraction, pr eferably

di sti| l1at rRe, réwitaRnageRLS ! %dﬂ&gde%%&usiycbe a$n %%@ng gpubbl e
cap pl at e gofpeMedngsi eve plate colums, the”columms advan ageousl y haV| ng

5 to 15 theoretical plates, the solution which includes the starting
conpounds_nay be reused for pr%)oarl ng polyners, for exanple by recycling
into the FPrE&ii%endecBABtMERNIVINMEBNRE FeackedpipcEerc T sakpovrlipay tse t he
i nvent i onfor @EMErdzat Somhe pyelferebly \Hubolazi neadcidomnst r eam of the first
reacti a8 zone generally has a water content of not nore than 2~ by wei ght,

especi al | ¥h&ointBInA1t BAGs D seethvn¥ebdthe Lubli€at ef@édt%s"lné?%ét 891f

pol yrer (& pelalefighied Ldburiy ﬁghrgtfsm}a f;n%figlég' e AREcf]

advant ageous? rom rerer al (-0 d)iZV F end
group cont®nt ohf N e §5d“atyor§§@en'?'rﬁl9 Ilrg T ahF o 4é¥|c}°g LoPpSesandsEnt i s

advant ageously from 300 to 350 mmol / kg. 10 According to the invention, a
m xt ur @0( Thg tubulexcreactorsa meyconntaigagaicknngeoneswth asppedetEd i n t he
range fromm&eiRa st or4DSd<H5 Heds, PESE esxeiiplel BtdOfc i xe35] Opadlingaind at a

t enper at Us Perh@66 RASCHEY tiRdGspObat1 of ik, yaﬁﬁeéi\él %vénCPMz%rcs'O“ based

the 15, T t t | t
o " per BT Pl L (e Rlct gggf‘fﬁ%ﬁq S BR8] deloust y e

inthe ange ‘inéo . 2% r’?lhgﬁf ac%s‘bree(‘?i 8EI G to 2 hours. 20 To

this efl , mxture (VI) can be reacted in reactors known per se for
pol yner i ZEh€¢ gieactppef eings \int ghoh areatassonsy faree ubuparti@sdeotsonay
advant agebisltyo 600t secoratsder ed m xi ng el enents, such as Sul zer packings, or
random m xi ng el enents,

Generally the first reaction zone produces a two-phase mixture of

30 a liquid phase comprising polymer (V) and a gas phase comprising
water. The gas phase is advantageously separated from the liquid
phase downstream of the first reaction zone.

Generally the gas phase, as well as water, will include

35 unconverted starting compounds and polymer aerosols. After
condensation of the gas phase, preferably after subsequent
concentrating of the thusly obtained liquid phase in water and a
solution of the starting compounds in a conventional manner, for
example by extraction, preferably distillation, advantageously in

40 columns, such as packed columns, bubble cap plate columns or
sieve plate columns, the columns advantageously having 5 to 15
theoretical plates, the solution which includes the starting
compounds may be reused for preparing polymers, for example by
recycling into the first or second reaction zone of the process

45 according to the invention.



25 such as packing elenments, for exanple Raschig rings, balls or Pall

rings. .Theosoysygaaire of the reaction m xture shoul d advant ageously be
‘such that the reaction mxture fornms a single |iquid phase during 30 the
reaction. At the point of entry of mxture (VI) into the second reaction
-zone the tenperature is advantageously in the range from 230 to 310C,
-especially from 240 to 290C. The usually exotherm c reaction of mxture
(M) to fﬁ'PFh PALYMET i)y RBE2ERA] dawagtraam of fibe; Eipet diaaction eere reacti on
m xture, GeRetapluthad acwpbemteontentco€anets manegithgnf2orhylWetigh8pC. The
reacti on espeéaizllyeavtngoréetisacandsr backéightzone may then w th advant age
be adi abatically deconpressed, advant ageousl y to a 40 final pressure from

1105 Pg ufe 1 & 305631 sREEL aoqé 3@03.5;8 o e gﬁng?gd bl 14080 {onl S

adi abatic vapor i on P'of the

ACCO
wat er pr esen?ggps‘ﬁsélrﬁga'&'ﬁ“g fels §n1"t%g?\?? 1Y% §&P™t he? readt-idon
m xture. FHE P%Hmﬁratpafaéemb%méwﬁeacs%bpxylom/ gpouR apntenkt Qf ef¥am | owi ng
adi abat i ¢ 3@8ctoptEs sived/kg. (The @mdnp| gnd raarou@?@ontenB0iC advaetagedislyf r om
230 to 27@ComChertad 1330t lmmolVkcer obt ained in the course of the adiabatic 5
evapor algi on i ncludes unconverted starting conpounds, pol yrrer aerosol s and

ol i goner s AL &In rﬂccl;%d%ﬂéah'fl&{}htqon%hg ﬂﬁ?tﬁl%a ) g%elfqera;eg Hageser‘i?‘\ﬂater

b t i
e S e b SERE de 8. iAFeu BB, 439 EPn oo e, AR Faone: s

in a convéﬁ?f%’?ﬁd?lyléf’ﬁ'&%etro 3108 xBavplaadhpt ex temmerafurer alfavetshy

di stil | at nehtinqdodmtagéopslyneam (VoL s, a swakeasigmckededobrntise bubbl e
cap plist morert lamAin®r ofi Baeta g, COk Ui Sleashe 809| Upisrea@papt agenitydty
h?w ng 5 B9s 15eg§aa%@t1 cat Rles7s! hfnéog#tcwenw@m& sﬁash%ges thg f
starting g g})@(‘%;u [0 ol1 go be re or
prepari ng 8o Y, Xé;g%nm%l% %ghgecyc? | nggl gg trho TS FEPeGt?second
reaction Eg?fg of ti‘ﬁ’e BeEEs according to the invention. The invention
conprises reacting polyrrer (V) and polymer (VIl) 20 with each other in a
third R@ateitnis end, anixeume(AMIOr esn i wreachedmih t Targ toaisnknodn aEry Her
(M11) tofebtgolymerpebyidis ( YrelprabbpithiRQhyneéadtdddd.) having a 95C wat er
extractabl es content, based on lactam (1), diamne (1l) and dicarboxylic

acid (Ill%he(gubuﬂgk ngé%ééga%a§o§dehtaIé%usly contain ordered mixing

elements, such as Sulzer packings, or random mixing elements,
25 such as packing elements, for example Raschig rings, balls or
Pall rings.

The temperature of the reaction mixture should advantageously be
such that the reaction mixture forms a single liquid phase during

30 the reaction. At the point of entry of mixture (VI) into the
second reaction zone the temperature is advantageously in the
range from 230 to 310°C, especially from 240 to 290°C.

The usually exothermic reaction of mixture (VI) to form the
35 polymer (VII) may raise the temperature of the reaction mixture,
contemplated temperature increases ranging from 10 to 50°C.

The reaction mixture leaving the second reaction zone may then
with advantage be adiabatically decompressed, advantageously to a

40 final pressure from 1*%105 Pa to 1.5*105 Pa, preferably from
1.05%10° Pa to 1.1%105 Pa.

This adiabatic decompression is generally accompanied by the
evaporation of the water present in the reaction mixture. This
45 will cool the reaction mixture. The temperature of the reaction



25 The reaction tinmes shoul d advantageously be in the range from3 to 8
hours, pr ooyoisaeda4om5 to 6 hours. The tenperatures shoul d advant ageously
‘be in the range from 240 30 to 285C, preferably from 250 to 280C. _
Advant ageously polyner (V) and polymer (VII) are intensively mixed wth
-each other in a conventional manner, guch as by Isti rri(Ulgi)prl o][ to thF
Teaction. 35 The cti,on of ., pol yrrer i wi th pol ynmer to form pol yner
(M11) nai?lﬁ‘é“’é%r‘f? wing adi oP§ V%mﬁfsdéﬁn 48 FottomsstiJiefromtd4hs,

pr ef er abl ¥t 801G Preferdhly framWABRHt@ 9@ €he tubular reactor is
preferably disposed vertically. In this case, 40 the m xture of polyner (V)
wi th pol ycenetdily trey waeet esbtatinkelde inbekd &BurBeeber el Yad3laphfgct Op end of
Lhe o2 avapdri il iRl uhch ke %madstgaqemy s&q}&{n@epwg% reaction
zone has g, féfé'@ liggﬁétg t%r ~ o R

sul furic am? a ref f? HEignse @a;?nﬁﬂﬁ? 'of 95C
wat er ext PRETSHARYY |asftFFo§‘l‘ “t"-‘é‘tlefm‘l?)?/“%t@-ﬁﬂ of pkkg &hatsWiserom 5 to 8~
by wei ght obbakeed oH%‘éF’yEMSE{ \in WpteXThand GO50156944 dO Hhevelkaoting i ami nes

i s gener akbypdwsds t ipeiylledGadrpswdisghahd bekibmerspdh yaedorwénlti bna Pol yer
(VIT1) 10hinehnés, |idtuiestaflpYO By exbrabtibe, tﬂ%df@réﬁﬁftdmﬁl%@ﬁ@n may be
further pE&G&ﬁ@ﬁﬁde@l? ngy Qﬁb%nagugﬁqﬂ$ achkgh 8% AL %ﬁ%ﬁl'n g strands,

solidifie tize Accordlng e IL.nven II) i's
subsequenE?‘é;H,?é;I ré“lé'}% 6% RRYEWF ?ﬁ“’%ﬁ reft eTﬁ‘é ’%‘?Fp FBF%‘?‘?%Hﬁjé( from
80 10 to 1oBEY S &d\/&ﬁta £iga PhALes THDSs SPUNT AR otiahnéuchudasi s

ext ract i ohhgesiariing Rempoundsor gadiwer carnosoil soand rahigbress 1Hay the wei ght .
The or d&niessednicanprepyring poagmans agtobexampse gbe tdaycaengetitatgd to 60

to 90~ byfibstairghlecof8PELdd loy ZénéOoigazheb‘lér%éggtacdd}dangogé!e{ﬂé onal
manner, fop,&xagy.e by distilling the solvent off in a single- or
rrultl-stage distillation plant.

The invention comprises reacting polymer (V) and polymer (VII)

20 with each other in a third reaction zone at temperatures above
the melting point of polymer (VIII) to obtain a polymer (VIII),
said polymer (VIII) having a 95°C water extractables content,
based on lactam (I), diamine (II) and dicarboxylic acid (III), of
not more than 10% by weight.

25
The reaction times should advantageously be in the range from 3
to 8 hours, preferably from 5 to 6 hours.

The temperatures should advantageously be in the range from 240
30 to 285°C, preferably from 250 to 280°C.

Advantageously polymer (V) and polymer (VII) are intensively
mixed with each other in a conventional manner, such as by
stirring, prior to the reaction.
35
The reaction of polymer (V) with polymer (VII) to form polymer
(VIII) may be carried out in reactors known per se for
polymerizations, preferably tubular reactors, in which case the
tubular reactor is preferably disposed vertically. In this case,
40 the mixture of polymer (V) with polymer (VII) may be fed at the
bottom, preferably at the top end of the reactor.

The polymer (VIII) obtained downstream of the third reaction zone
has a relative viscosity, determined in 1% solution in 96%

45 sulfuric acid at 23°C, of preferably from 2.0 to 3.0. The amount
of 95°C water extractables is from 3.5 to 10% by weight,
preferably from 5 to 8% by weight, based on polymer (VIII). The



It is advantageous to add lactam (1) to the solution prior to the 20
concent.r atggs® /50944 si gni ficantly reduces the precipitation of |actam
‘oligoners during the concentrating. It is |ikew se advantageous to add

|l actam (1) during the extraction of polyner (VIII1). This can inprove the
-extraction 25 performance. It is advagtageous for the ratio of added anount
-of lactam_to pure extract to be int range fromO0.1 to 4, preferably from
0.5 to 1, 1S¥§£d°%ntrt1r?é‘lé‘§§ra%tgerm@ﬁlx pesTddn §.06%hY vedohh bEsed 25 O1
348 for eRanpPtymedp (MIdIgel ution obtained in the extraction may (preferably
after concentrating) subsequently be used for polynerization, for exanple

by recycl pBgyhét o1 )f ih$tn Ofs SIBCRARE 86@CH {1 Yan? 8ReLRE ﬁkﬂ?dpﬁrggﬁ@fon
accor di 59 ;bRet gy 15 FkAB: FbcllgerOR! ¥ ARnROLAL NGE ALl cLDe
extraction ls fhen genera r‘i ed | T.i,égs)ndventl onal  nmanner r AdYant ageousl y
this may BEERCHMT sHBECURHHPIS1eFOLAEEEd anenPaLletizayen or super heat ed
steam as heat nedia, for exanple in 40 countercurrent. In the process, the
desired vhseosding tdetbenimeehtion]~pedymer ofVIIT)968$ subdaguieatdgi d at 23C,
may be obeatnectdyy, heatreraBbBy RN ﬁhtéfﬁvﬁ{eed:ehga”ﬁ@li@ﬁé”&nger etehagy y at

from 139 t8 1856 i45aEW4ARJIMECsot NELJY . OCess of the invention may al so
i nclude a step of chain ext'ension, chain regulation or a branching or a

conbi nat i gg of tv‘\_;) or éhree c?u,ch nmeasures. To this end, - 0050/50944 11
subst anced PRttt P8 oRBRKITT B (tRIEHRXtHAction BPARTEH: YYghashaln regul ati ng
or chai n BXI¥MAFPSPYHe?E, fxarc &8 hohdiwumwetigbhal Therioxgandes ceoritmnt! i ¢
aci ds or mnayfwitdt iadvahtage nes smbsequéntiy iconaentsatddrtoe6anpbes@s Qi oni c
aci ?, as_etzéi:c_l;la_c,i @speenadiyg mitg 95%51)1 rﬁﬁcgeatthnegi anddifren®hioflh Sﬁnner,l
trifuncti egalei5@A%aBgt &8st SUGRGASHEO SOGY: e , toluene
2,6-dii Soﬁ?{w%f%ﬁgg%is flféfi?%ghgix% edi phé:m? de] s%ccs\yigl%gtge ‘%;f\r/DI ),

2, 4" - met hyl enedi pheny EI I socyang e (MJ), p-phenylene diisocyanate (PDl),
napht hal ene 1, 5-diisocyanate (NDI), 1, 6-hexanethylene diisocyanate (HDI),
10 i sophotbnks didvastpaten® %q pBd) lagtam (Ji)c el bhexsdlmstibaner by swctheat e

( HL2NVDRY, canaendyreitahegx aflei glisigodfacantel  @dbuyes the precipitation of

bi s(i socynactamretligbheys | dréngnehé HooddentRb ingt et ran- et hyl xyl yl ene

di i socyanate (TMXDI), triphenyl methane triisocyanate, may be used before,
in or aft the .indiyi d I ion_ st . Such 15 conpounds and their use
are descrlf ec ﬁ&?‘ggkgé @a}nr?%%%?%\-gcy%A%%gjﬁ?g?‘n{ﬁaﬂc Tlrggdg?eti ves and
fillers KRBAPSAPNL Rbr t i(¥IHD) yieHS, caBpiRLAYS, thEl §RFFarisiommy be
used béf P LIqragreafterin@dvaatagriug dieal thearation oft added -amuait as

pi gnent s, laistan tot RbF¢ | exehracti hpalbe irndihki easge plrapedsiingoad ds, oxi dation
r et ar der spresfgeabdyagesbmst. 5t ker IR baleaDRoEhé | Oxcinetll BuaNi &l Bloddsghti s

| ubri cat i qescibedei®| skng- 23000t 548 Fdexbgpas dants, plasticizers. They
generally conprise up to 40~ by weight, 25 preferably up to 15~ by wei ght,

based 9& fﬁEEJEQB%koXW% 'giﬂgh Egetﬁéngﬁ%%ggkggﬁ may (preferably after

concentrating) subsequently be used for polymerization, for
example by recycling into the first or second reaction zone of
the process according to the invention.

35 The copolyamide obtained after the extraction is then generally
dried in a conventional manner.

Advantageously this may be accomplished using inert gases, such
as nitrogen or superheated steam, as heat media, for example in

40 countercurrent. In the process, the desired viscosity, determined
in 1% solution in 96% sulfuric acid at 23°C, may be obtained by
heat treatment at elevated temperature, preferably at from 150 to
185°C.

45 Furthermore, the process of the invention may also include a step
of chain extension, chain regulation or a branching or a
combination of two or three such measures. To this end,



The process of the invention is notable for high flexibility and a good
space-t.i m0Q8@®/80%4ul pernits the controlled production of 30 copol yam des
‘having different norphol ogies, the copolyan des of the invention combining
good transparency and a high DSC nelting point with an equi nolar end group
-content, ie. an equal nolar nunber 02g20|d and am no end groups. 35

art ol Ao B LBLEL Sty ?Vﬁﬁ%ﬁ LR hd g Eor TR o0 SDAYRIM do.

95~ hy

of nyI on- G%L?HFLPGS ﬁ'h%"sé: hadpopytendiay QPéYIB%’é?uISUP@r aprpenefunytiohats, 40
nonof i | anm@fitiges specganboxydieuacideor sudhunst fdnals ambnes hapedrabiyties. The
shaped ar tlicides foe etsmpileaprepiciicexainl cadwtidjaesHi OPer3yid 3618 or

ext rusi @. tﬂacee&@ma% 18r Vi cl %ﬁunéé%mﬁ?.leﬁow%n 48U de@w

producti OQOQBeﬁpr’ &/ 483 Q @éj PIG.')I% LagLa ene . ”8 gifsocyana %b'rrprl si ng

di car boxyl,i aC| eSOT o

a di anine (1" rdBB WY C@PPP‘}e atPIjat ér 4 |ﬂ“%tffiﬂ]1e§?dité%@w]on
zone at 1@ ésﬁ?%%%‘%ﬁee (MRTY hePT%hﬁjéflﬁpenﬁllmatte PPBE),OTaphthaléhe entry
zone of tHeSrdatseayanasere (WD) atl,6-herprehiyliemeadaygodyenatrl tupg) poi nt of
pol ynmerlQ( Ysopborormiidisstpanatas@enany, t hes raal@@cggpg;a}fﬁnéqjha%am ne (11) and
di car boxy g sasyahdlel Iy af1)a! 1, 838 cﬁ.ﬁle,aaqefeﬂ@ 3% axge iy, 15 reacting
a mxture

a pressurgayhis réﬁ%h@?hiﬁﬁégagﬁ © a§§0g§@§ﬁ 5a?8ﬁ?igﬁﬁ%%%§n§bove
t he neltlnllﬁ%F¥ﬁ" g MERE} (SFPPepFlnethafe F§Fbﬁ°°¥ﬁﬁﬂ£§:oﬁthbernﬁeﬂ
amount of P g foFactidmog| pfter QheIhgﬁsvléwaltnﬁah@nnnasanQﬁmeﬁu¢VII) then
reacti g gorpewnds VndakbepolusrerreViescrilidd €aeheramisle iim &pLALE d4eaction
zone at aeépsessure in the range from1*105 to 1.5*105 Pa in the entry zone
of the reaction zone at 25 tenperatures above the nelting point of polyner

| havi ng.a 95C wat er
ot et apf LA ‘HEHJJ" “"ﬁ SRFRP IR o PG Carboey!

aci d (II Iz ¥We St ﬁB yaB %%1 y bgygsed before, in or after

he 1nd1v1dual reactlon stages - such as pigments, dyes,

stabilizers, impact modifiers, processing aids, oxidation

retarders, agents against thermal decomposition by ultraviolet

light, lubricating and demolding agents, flame retardants,

plasticizers. They generally comprise up to 40% by weight,

25 preferably up to 15% by weight, based on the total weight of the
composition.

The process of the invention is notable for high flexibility and
a good space-time yield and permits the controlled production of

30 copolyamides having different morphologies, the copolyamides of
the invention combining good transparency and a high DSC melting
point with an equimolar end group content, ie. an equal molar
number of acid and amino end groups.

35 Particular preference is given to such copolyamides containing
from 70 to 95% by weight, especially from 80 to 90% by weight,
based on copolyamide, of nylon-6 units.

These copolyamides are useful for producing fibers,

40 monofilaments, sheetlike structures, such as films, or shaped
articles. The shaped articles are obtainable for example by
injection molding or extrusion.

45



30 then extracting the polymer (VII1) with water to obtain the copol yam de.
2. A procepscsgdsy med in claiml1, wherein lactam (1) is 35 caprolactam
3. A process as claimed in claim1l or 2, wherein diamne (Il) is

hexanet hyl enedi am ne: 40 4. A process as clainmed in any of clains 1 to 3,
-wherein dicarboxylic acid (I111) is agizpic acid. 5. A process as clainmed in
any of clainms 1 to 4, wherein diamne®(ll) and dicarboxylic acid (IIl) are
used in equinolar 45 amounts. 532/99 C/As Nov. 30, 1999 0050/50944 13 6.
A processWgsctadmmed in any of clains 1 to 5 wherein the nmixture (1V)
further includes a |lactam (1) subject to the proviso that the nolar anount

oml‘ | act aﬂh( ] ) i prae@ssneewegntmouss préafctian aﬂt%ogew%mf&@%}asga b o ame
e
\(/\h)erlepntst he mg‘ XSHES\%“\}I&? ur?ﬁer | nc Qﬁd %I aln%arfé)of‘t'?}g cd‘dc (g#ggf boxylic

acid (I11) sulf Brow SO that the nol ar 10 anmount of diamne (I11)
and di carboxyllc acid (111) in the mxture (1V) is Iess than the nolar
amount of di ameaeting )a amicktdrea(IOXdomprasing (d Idiaminet (eryvieture (V1). 8.
Copol yan des ahtaibab)iedycadp(Pees andswatéd "B 4 Fi2BY Péaébio%l 3bHE dr 10 7.
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e tlng point of polymer (VP to a conversion, based on
the molar amounts of diamine (II) and dicarboxylic acid
(III), of at least 80% to form a polymer (V),

15
reacting a mixture (VI) comprising lactam (I) and water in a
second reaction zone at a pressure in the range from 5*105 to
40*105 Pa and at a temperature above the melting point of
polymer (VII) to a conversion, based on the molar amount of
20 lactam (I), of at least 80% to form a polymer (VII),

then reacting polymer (V) and polymer (VII) with each other
in a third reaction zone at a pressure in the range from
1*10° to 1.5*%105 Pa in the entry zone of the reaction zone at

25 temperatures above the melting point of polymer (VIII) to
form a polymer (VIII), said polymer (VIII) having a 95°C
water extractables content, based on lactam (I), diamine (II)
and dicarboxylic acid (III), of not more than 10% by weight,
and

30
then extracting the polymer (VIII) with water to obtain the

copolyamide.

2. A process as claimed in claim 1, wherein lactam (I) is
35 caprolactam.

3. A process as claimed in claim 1 or 2, wherein diamine (II) is
hexamethylenediamine.

40 4. A process as claimed in any of claims 1 to 3, wherein
dicarboxylic acid (III) is adipic acid.

5. A process as claimed in any of claims 1 to 4, wherein diamine

(II) and dicarboxylic acid (III) are used in equimolar
45 amounts.
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25 30°35 40 45 0050/50944 14 Continuous production of copol yani des based
on a | act pos0l/50924di am ne (I1) and a dicarboxylic acid (l111) 5 Abstract A
‘process for continuous production of copol yam des based on a lactam (1), a
diamine (I1l) and a drcarboxylic acid (I11) conprises 10 reacting a m xture
~(1V) conprising a diamne (Il), a digcarboxylic acid (I111) and water in a
first reagtion zone at a pressure in"The range from1.3*105 to 2. 5*105 Pa
in the enPry 20RE°H5S B8 FatnedbrinzGR¥ Ahcckring dehped atihereibothet he

mel ting poi ntMgFtume FWnErrehgr timcdudenvarkiatam 33 esulmjedtheéonmphar anount s
of di ami ne (|bp¥Fowimb dihazr bbayholara@mduht | df ,1afcant (Epasd tHe-mi@chpem a

pol ymer (V), (eeptifQedsminhsrtnd WolatOommmii B¢ hactam (1) sandpyater in a
20 secogd reagixQiyZQRE)at a pressure in the range from 5*105 to 40*105 Pa

and at a tenperature above the nelting point of polyner (VII) to a
conver si o?, based on the npl ar anount of lactam (1), of at |east 80~ to
forma pol ymef RXA99SS 28 theiredkddk pRY PbIGARmS( V) tarkl pdleysdn the1) with
each ot her i nMEX¥He d Vigaturirerzdmeludes pridsgune (DI} hend ange from 1* 105
to 1.5*105 Padicarthexyddtrygcidnaial) shbjeenaid @heZphév o tBRRCERAE USSR above
the nmehbing pﬁmdﬁnﬂﬂbfpahﬁﬁfﬂe(Oﬁﬂ)lhnaod{éHﬂBd%yQQEyQ@id(afﬂIb)inséhg pol ymer
(V1) havi ngn g OQnf% W84$T is less than the molar amount of diamine (II)

and dicarboxylic acid (III) in the mixture (VI).

8. Copolyamides obtainable by a process as claimed in any of
15 claims 1 to 7.

9. Use of copolyamides as claimed in claim 8 for producing
fibers, sheetlike structures and shaped articles.

20 10. Fibers, sheetlike structures and shaped articles based on
copolyamides as claimed in claim 8.
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Continuous production of copolyamides based on a lactam (I), a
diamine (II) and a dicarboxylic acid (III)

Abstract

A process for continuous production of copolyamides based on a
lactam (I), a diamine (II) and a dicarboxylic acid (III)
comprises

reacting a mixture (IV) comprising a diamine (II), a dicarboxylic
acid (III) and water in a first reaction zone at a pressure in
the range from 1.3*105 to 2.5*105 Pa in the entry zone of the
reaction zone and at a temperature above the melting point of
polymer (V) to a conversion, based on the molar amounts of
diamine (II) and dicarboxylic acid (III), of at least 80% to form
a polymer (V),

reacting a mixture (VI) comprising lactam (I) and water in a
second reaction zone at a pressure in the range from 5%105 to
40*105 Pa and at a temperature above the melting point of polymer
(VII) to a conversion, based on the molar amount of lactam (I),
of at least 80% to form a polymer (VII),

then reacting polymer (V) and polymer (VII) with each other in a
third reaction zone at a pressure in the range from

1*¥10% to 1.5*105 Pa in the entry zone of the reaction zone at
temperatures above the melting point of polymer (VIII) to form a
polymer (VIII), said polymer (VIII) having a 95°C water
extractables content, based on lactam (I), diamine (II) and
dicarboxylic acid (III), of not more than 10% by weight, and

then extracting the polymer (VIII) with water to obtain the
copolyamide.



