0050/ 53249 6oPopsseedon of shaped bodi es conprising thernoplastic polyners
The present invention relates to an apparatus and a process for 5
produci ng shaped bodi es conprising thernoplastic polyners with batchw se
preparation of the thernoplastic polyngrs from monomers which form such

t her nopl astic polynmers. For the purposes of the present invention,

t hernopl astic | ymers 10 are polynmers which have a nelting point in
accor dance BEQ&LQQ&B“lQQSﬁhQPQQﬁboﬂles7CQFPIPFQBEstkﬁrmboﬁastmpkRHLMWﬁFSe
preparation of thernoplastic polynmers from nonomers which form such

t her nopl ast ke qﬂexs@atslﬂf@t%ngea@aeéé ytd<@av\@ patttts Khika @H®iss for
Encycl opegi g QiudihgTs (IQEQHQEOQ Adin therﬁ/ as{?c é@g GYeft Sons,
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New York, 1 96 4
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descri be t h&rlf &&r&t?‘éﬁhdﬁherﬁ@?}éﬁ?’d‘e FE’GY(“ﬁﬁon 66) from

hexanmet hyl enedi ammoni um adi pate in a batch process in an autocl ave.
Four nd, Synrdetilecparpases rof lthe présemadavsedbidly, thesfbpbastidipolihers

prepar at hgna od ;raalyma% Ogn oo @Mkr@na%e]fﬁ% p8RAL! Bf WRBbEAafc PG  Process

i n an autoc o] the result is a nelt of the correspondi ng
t her nopl astli%yglo 359 ? é\ﬂdcﬁ aken fromthe autoclave and 30 usually fed

directly into an apparat us for t he production of shaped bodies, e.g.
granul es, fPRRassespdPrynehe bsitﬁéﬁlﬁﬁ@qﬁﬂayﬁéwm@fpﬂépamealmﬁmmpémw t he
melt is thefedmmencakss whblan fhronsedie thetroopbazetiti podphersicus y, the
appar at ugsf géné¥m1ipexpowsluct i on of shaped bodies has to be started up Wnen
the nelt is taken fromthe autoclave and shut down again afterwards.

di sadvant a & agount s of ..of f s lel atio rodu

parti cul arggl?odué{ﬁkaégé\& d l?l)l 'os%ecla" &gl g ‘r?‘ tr a n?g %YG'CO%%OEI t1ion of
the pol ymerYohy &°%bPaPR M 453t ﬁﬁ??ng“et“hgoﬁb's{%{grst Qﬁgﬁﬁa 4% al so during
t he shut dovxkblp!r%@g pParagriRhi)onort Feurshasintkefisichsr Baseimg Gard Hangex
bodi es i 20 Vet agjuMungchfieienmaynedd3atpage 5B8pedestribe the yatdpataeion tdft
the time regylyHddeossp(ePidn 86)t BEok HekdbthiEd dedihaibh \en RIIQEBESiA Sa Very
| ong conpargg 40 pgggs%ggﬁfaq{ aut8&i gk of f the polymer nelt. According to

Fourne, loc cit,

Fourné, Synthetische Fasern, loc cit, pages 46-47, discloses the
25 preparation of polyamide 6 (nylon 6) from caprolactam in a batch
process in an autoclave.

In both cases, the result is a melt of the corresponding
thermoplastic polymer which is taken from the autoclave and

30 usually fed directly into an apparatus for the production of
shaped bodies, e.g. granules, from the polymer.

Since the polymer is prepared batchwise and the melt is therefore

also taken from the autoclave discontinuously, the apparatus for
35 the production of shaped bodies has to be started up when the

melt is taken from the autoclave and shut down again afterwards.

A disadvantage is that large amounts of off-specification

product, in particular product having a brownish discoloration

due to decomposition of the polymer, are obtained both during the
40 start-up phase and alsc during the shutdown phase.

In addition, the apparatus for producing the shaped bodies is
idle during the polymerization time.

45 It is well known that the time required for preparing the polymer
melt from the monomers is very long compared to the time for
taking off the polymer melt. According to Fourné, loc cit,



2 pages 580D080/B32iabe case of nylon 66 the total cycle tine is about 7
hours and the tinme for taking off the nelt is about 10 mnutes and in the
case of nylon 6, according to Fourne, loc cit, page 47, the preparation
time is about 23 hours and the time 5,for taklng of f the melt is about 60

m nutes; if the 26p ratus for produci i & shaped bodies fromthe polyner is
linked i n aPR9S® qgﬁ’r?ne?-“vxﬁ‘i‘% Gage 2fitveien 86cbhR YA, C¥Rde abbRferiEnt i oned

times inplgbeutt [hopxsi and tthee tine for takingt off (e meddués mpadte shaped
bodi es of abhouhiriPpesnanheinase ehsaybdm¥doand, aboetrdingtolfournd,hdocase of

nylon 66. ltits ;ka"wnaﬂr@m Iime'paéatw& Cirfe iB286od .23 Rahrk NEnARMBRr ALMe for
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exanpl e on FARPRL Witk RPP-AUkAfdave Fencerned.ciBe MaeEenthered tHE@esut ocl ave
whi ch is avanplpla utdd izabporyitigeafidr cowneppedtu® fdn pradtothiawvhe The nel t
is then di sabpedasbdiesnpt hebaitt ael axethanicaskher apprImisusnangbddie 2shaped 20

bodi es ang phodhicethse bkChyRld eshe pol yner has been taken from the
aut ocl ave, the apparatus |s once agai n di sconnected fromthe autoclave and

pushed under the next autoclave available for enptying. 25 In this way

the utilizatFoh® tNEPof PR UTILr atBS THr BEIS| hEr ddadd the IPRARAT IS SE%dur e
i s | abor -i npepducing theaghppecipodiepecaibilie consbryghas sheadpparhst abldoes
not sol ve the lps oldvexh ahong heanyoatutockvesy dhni ordénarto wpoaddtisirit down of the

appar at ugsafflsadvithtageQCTRi € theldi %aeuacatﬁ@e%pﬁ&ﬁsfweﬁnabevmv&ﬂ f}'@msol ve
the probl e”h@éé&falvaet %@ Witde1he C@g%'%&?\l 19V 6hi falf% Alfhel E’f’?ﬁdﬂ yp of

t he apparatu t he autocl aves, be errptled

d
into a rese?@%lllr ae?r?dpflﬁged ,ngef’at%ﬁg PRFO S E h%htlﬁ‘e AVRApR dires be
suppl i ed 35°RBRIHLGRE 9°‘F‘i“?ﬁﬁ%t§ iR andiorlays- tHe medsels thafas been
observed t hdischkangsid éroh the aytosiavenintyr dhecappagatusopnédthien shiaped
reservoi 20 padié< wrar pyodincédie afpper all agieopodiméhehase been dtigkdro firba

continual chREgAsddlabeYethd ph®atdd 1£THOhGaid MiscohnboradG@HEEhe W t h
Fournd, |oc,gi cElaQ;aeq%né?pu?r?e nael R dxtUhAtoPAAR GlaiRGSRL 4539 tO whom

t he pol yner rre ad

25 In this way, the utilization time of the apparatus can be
increased, but this procedure is labor-intensive. In addition,
the ability to move the apparatus does not solve the problem of
the continual cyclic start-up and shutdown of the apparatus and
the associated disadvantages described above.

30
To solve the problem associated with the continual cyclic
start-up and shutdown of the apparatus, it has been proposed that
the autoclaves firstly be emptied into a reservoir and the
apparatus for producing the shaped bodies be supplied

35 continuously from this reservoir.

In this case, it has been observed that deposits of decomposition

products are formed in the reservoir, particularly in the upper

region of the melt, due to the continual changes in level in the
40 reservoir.

This is in agreement with Fourné, loc cit, page 47, 58-59, in

particular page 61, according to whom the polymer melts are

thermally unstable and this instability requires very short and
45 uniform residence times, i.e. short melt lines having a small



thernally upesepb824aed this instability requires very short and 45 uniform
residence tines, i.e. short nelt lines having a small 0050/ 53249 3 vol une.
A reservoir is dlanetrlcally opposed to these requirenents. It is an

obj ect of the present invention to proygide an apparatus 5 and a process
whi ch nmake it_possible to prepare, shapéd hodies co r|5|ng t her nopl astic
pol ymers wi ¥R ‘H%&tM?@eﬁY‘gHar“ét AdATSFriqaid vt Aep &5 tBe$R)| yners from
mononer s whrewufxsménggeh thernopl astic polyners while avoiding the
abovenenti oned disadvantages. 10 W& have found that this object is

achi eved byxanlamawgu@t Stlidbbeetoit BRdUeise &t@%%é@da@%p@@ﬁ&wl ng
ther nopl agt Lgy PY DHRES jtmf?éﬂ %ﬁt@@gspml@ief %%ﬁ%ep%xg&g bodle bat ch

process, CO risin St e act Ob W se

prepar at i on“ BF 3¢ %ﬁ%%%ﬁns? STE ¥aE n%ﬁt?qﬁﬁ%FnBﬁ%Pﬂﬁﬂ$*ﬂﬁl f orm
such a pol ykee, twmgplaswb. YOSEE efF gy moRpMmer & sWikiGhc §PERi 94N i ne for the
melt of thehermamigsitast pelymsnsnwhideceww)idingl thestatmvemaeppirmtdis suit abl e
for the produsidwantageshaped bodies fromthe nelt of a thernoplastic

pol ymer, 385 wherein the reactor or reactors a) is/are connected to the

pi pi ng syst e ar, RaLaLl YS8s c) | s/are connected
to the pipi ﬁéﬂ g)est%ggngétﬁ& %z;&% agé%%at us ?’ 1eve L¥C| ﬁag%% aetd’ bodi es
conprising 3 lY?ﬁ;%HEBF f???ﬁﬁﬂgyﬁﬁ e?rhﬂﬂlﬁﬁnﬁ Eﬁ%ﬂﬂgc heHRRIAFERCpol yrer s
in a bat chppiyeasss framsmenrrarsappaehtiorm wurhhpelimerissés a)bapcdparing a
melt of a tpeooesd.asbmpripsingrer batchwi se from nononmers which formsuch a
pol ynmer iz at | east one reactor, 40 b) feeding the nelt of the

t her mopl asta& pQchi@arsto%al PEbidt s3LERLT) AdH @nd BLAIAMSSYSEEMSHikAD! € as

circulation a melt of a thermoplastic polymer from monomers which form
such a polymer,

20 b) a piping system suitable as circulation line for the melt of
the thermoplastic polymer and '

c)}) at least one apparatus suitable for the production of shaped
bodies from the melt of a thermoplastic polymer,
25
wherein

the reactor or reactors a) is/are connected to the piping system
b) and

30
the apparatus or apparatuses ¢) is/are connected to the piping
system b),

and an apparatus for producing shaped bodies comprising
35 thermoplastic polymers from monomers which form such polymers in
a batch process in such an apparatus, which comprises

a) preparing a melt of a thermoplastic polymer batchwise from
monomers which form such a polymer in at least one reactor,
40
b) feeding the melt of the thermoplastic polymer obtained in
step a)} into a piping system suitable as circulation line for
the melt of the thermoplastic polymer and moving it through
the piping system at a mean average wall shear rate in the
45 range from 0.1 to 100 s-1 and a mean average flow velocity in
the range from 0.1 to 100 cm/s,



the nmelt of pbbessherpopl astic polynmer and noving it through the piping
system at a nean average wall shear rate in the 45 range fromO0.1 to 100
s-1 and a nean average flow velocity in the range fromO0.1 to 100 cm's,
0050/ 53249 4 c) taking the nmelt of theg thernoplastic polynmer fromthe

pi pi ng system b) apd produci ng shaped bodies fromthe thernopl astic,

pol ymer. 5 SEcofdkHY (het Relprakdhe FREEMBIASEiFnROLAIRE 4F08 ERARIRES at

| east one react 8YSteR ttabRadf produsd ngasheped dodiepafeen dheotharmeplastat a

t her nopl asti ¢ ppbyymesr.from nononers which formsuch a polynmer. 10 If the

apparatus conprises one such reactor, the apparatus of the present

I nventi onge o BaP i 3 roat | S} 1. ges which

connect t eﬂggéﬁlgrgl '?' 8 grgéllg%gss% 5§T%H@%J%o£§5§9§%%aar%]%§9f %%ﬁ%frl(r)if;c?ﬁg

shaped bodi B831Y i RS2REPT r-t4DLE P hopiea R EERpHS REEPRE PR ALCR [ vel y

avoi ded. 15Mf}t (e 2a5PSFRPRSA S FpPPIERe o™ RARPTRRTE WBAER oF O™ GUCBxANDI| e

2, 3, 4, bpokymex. 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20

reactors, preferably 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12 reactors, the

apPal at 3ot MRERLY U108 CORK i, KBaDESH) Mepp e liockorE | o
i . u

suitable fo {-Q_? o{{d:ug'?‘r‘{g {s:}‘cia eeg'lr%gglgésn?r%anﬁ%lfﬁéa%’eltth%offozﬁm? %acfnm%?ast e

pol ymer to B %ﬁlfte%ctlinvéi“?egmld’é‘d@i“he%d:ihﬂ SR et BEn1eASY 199€r eact or s
or groups ofPPIANUSr Sudhable Fordpandegina shpped kedigigefoamotig melfeof| s

particul ar thesmodlaztiaypdlyaiert te bbeehimuitdseily polidedls are prepared in
one reactigr or a group of reactors, thernoplastic polyner is taken from

another reaggof,ory gabs SHrpiR 8L $&ACLLS AL, rddctBRDT £BY | Aldamied,
further rearf:{to‘{1 q_{pga rti’uerg gr,gup, 9 fzea;%‘ori 'S gl Ill ed”a 32 th? _
functions of’‘the T'eact Of s or 'gr1 pdlofldreddrotds at¥ Renl’t ot ut 3.’ B othis
way, conti nfi®¥Ete5str BAGEET I Yo/t Rerhopiradi é- Pol3mdP i hto Yh&esrsPRYy
system b) whhe hepparagisadf ethes present| nviesd ibh nenataieshe incpdrtiet Lian, a
parti cul 20l yhaditandaadeaus: depuzdts LhKkeiMesewhiohtdoinecs thpptentok to
ther mopl ast b D T Rhe3Bphd HRUsNGuRLI Y RS HeFHRindishhpkd 13 iledblEorS
circulationy i ng1£3% hNehdimbpta%ePE ASIRYCo! Be % AL G P dvbided.
advant ageous manner .
In addition, operation of the reactors or groups of reactors can
25 advantageously be staggered over time, in particular in such a
way that the thermoplastic polymers are prepared in one reactor
or a group of reactors, thermoplastic polymer is taken from
another reactor or another group of reactors and, if appropriate,
a further reactor or a further group of reactors is filled, and
30 the functions of the reactors or groups of reactors are then
rotated. In this way, continuous introduction of thermoplastic
polymer into the piping system b) which is suitable as
circulaticon line can be achieved in a particularly advantageous
manner. Likewise, continuous tapping of thermoplastic polymer
35 from the piping system b) which is suitable as circulation line
can in this way be achieved in a particularly advantageous
manner.

According to the present invention, the reactor a) is suitable

40 for preparing a melt of a thermoplastic polymer. For the purposes
of the present invention, a thermoplastic polymer is a polymer
which has a melting point which can be determined in accordance
with IS0 11357-1 and 11357-3.

45 Possible thermoplastic polymers are polymers which have
functional groups in the main polymer chain or ones which have no
functional groups in the main polymer chain, e.g. polyolefins



Accordi ng toostAsP2e8ent invention, the reactor a) is suitable 40 for
preparing a nelt of a thernoplastic polyner. For the purposes of the
present invention, a thernoplastic polynmer is a polymer which has a

mel ti ng point which can be determ ned gn accordance wth SO 11357-1 and

11357-3. 45 Pqgssi bl e.ther | ast i ol rs ar ol yner s whi have
functional LSS Fﬁl¥?ﬁbiﬁgﬁ$'p8?§¥§§?ﬁ§ SPﬁ'OPSE#i§§¥Rﬁ¥ ?PQTa&geno

functi onal BFeRATRLIANtPE UGN PROYGHEFinshAPnknewny presoFEg ol £97 1RXa0038/ 53249 5
such as pol §iney [Kémb-Oplmheanr Epypyehenedial pif sGhemidadn@echiimelogy.efahakdon of
such pol yol e$ing7,s I6ROWIL 18T sSBond OINeRXaBPke 1996QNpalies K7 d3-18E8Y, , or
Egsvy%gﬁk)eell @mxan%g%ﬁ%%%l hal QﬁéInLcjlﬁlfsQrEQILCher{\‘g_lsctlr:}?’E(':jiigl?@!;}c.v,\r R’Eﬁ'& ngrs,
Chem stry, g?f( Ié%% 9%5 ?gsgﬁ%%?l%PVer@%sggi%}%ls%hég?Ehbﬁgoe\féil;%héﬁﬁi' 1992,
pages 487-577. In a preferred enbodi nent, the thernoplastic polynmer used
can be a pbtarmrefeosed reubedamenterthehsharoopdastses pal e disegnean obe
recurring fansilymeal whoeeimaihn pbeysér whainecdmprisesRa), leadd One- (R2)y -

where X, 1§’ ré&hi8agh cuhddanndgpbhy of dResapgtfile 0 or 1, where x +y R1,
R2: are each, independently of one another, oxygen or nitrogen 20 bound

into the main pglyner cgain, ere two bonds of the nitrogen can
advantageousTyﬁbéxlTn o Rl pol ymer chain and the third bond can bear
a substituent selected fromthe group consisting of hydrogen, alkyl,
preferably WBiex® o-al kyl, in particular Cl-C4-alkyl, e.g. nethyl, ethyl,
n- propyl 1si -propyl, 25 n-butyl, i-butyl, s-butyl, aryl, heteroaryl and

-C(O -, whege $haredbadp, -GldpeniBt BEIt BnbUsidialerObYHEI1 Chaticke Rl KW .
preferably =Q}-C10-a|ky|, in particular Cl-C4-al kyl, e.g. nmethyl, ethyl,

n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, aryl, heteroaryl, 30 for
example -N-C(O-, -C(O-N, -OCC(O-, -C(O-0 or mxtures thereof, in
particul ar BN B¢©) arereacty, Ofndepandemidyr ofn oeuPEBStheR, QXYIERaSE RFLLIAYEL( O) -
or -C(O) 20-bound higite thetneigs pofl peer tdterimppivhete ccwoobpnds ¢ thepol yani de.
35 For the pufpeeescah ddeanyagesisly mentinkad eolamnpdegmear ehaiamapal yners,
copol yrer s, \Aﬁ?é e\{}&gdaagn&r@am ®aPOh YIRSt X QERE | $d Tkt PEOR e |2BEpChaI N
pol yami des coﬁéﬁ%tf%%lQ%rﬁbé¥ggaghtgf{§lJf%r%ferably C;-C1p-alkyl, in

particular C;-Cs-alkyl, e.g. methyl, ethyl, n-propyl, i-propyl,

25 n-butyl, i-butyl, s-butyl, aryl, heteroaryl and -C(0)-, where the
group -C(0)- may bear a further polymer chain, alkyl, preferably
C;_Cip-alkyl, in particular C;-C4-alkyl, e.g. methyl, ethyl,
n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, aryl, heterocaryl,

30 for example -N-C(0)-, -C(0)-N-, -0-C(0)-, -C(0)-0- or mixtures
thereof, in particular -N-C(0)- or -C(0)-N- or their mixtures. In
the case of =N-C(0)- or -C(0)-N- or their mixtures, the
thermoplastic polymer is a polyamide.

35 For the purposes of the present invention, polyamides are
homopolymers, copolymers, blends and grafted polymers comprising
synthetic long-chain polyamides whose defining constituent is a
recurring amide group in the main polymer chain. Examples of such
polyamides are nylon 6 (polycaprolactam), nylon 6.6

40 (polyhexamethyleneadipamide), nylon 4.6
(polytetramethyleneadipamide}, nylon 6.10
(polyhexamethylenesebacamide), nylon 7 (polyenantholactam), nylon
11 (polyundecanclactam), nylon 12 (polydodecanolactam). These
polyamides are known by the generic name of nylon. Polyamides

45 also include aramids (aromatic polyamides), e.g.
polymetaphenyleneisophthalamide (NOMEX ® fiber, US-A-3,287,324)



recurring ao0se/g3a4® in the main polynmer chain. Exanples of such

pol yam des are nylon 6 (polycaprolactam, nylon 6.6 40

(pol yhexamnet hyl eneadi pam de), nylon 4.6 (polytetranethyl eneadi pam de),
nyl on 6.10 (pol yhexanet hyl enesebacami %;)I nyl on 7 (pol yenant hol actam,
2 (

nylon 11 (pol yupdecanol actam, n ol ydodecagol act am . These

pol yani des gfeg‘ﬂ aS??ePHEeE‘ng%%@gﬁa rﬁéﬁw I?%I fdes 45 al so

i ncl ude ar aNPdd-3 tdmat2e - pol yani des), e.g.

pol ynmet aphenyl enei sopht hal am de (NOVEX 0 fi ber, US-A-3,287,324) 0050/53249
6 or pol ypaoaphriydserancbephidiiced Be {WE\WrARcOpdl heithoddS- A- 3, 671, 542) .
Pol yam deg can be produced by two principal nethods. 5 Both in the

pol yreri zat i f i 1] .aci angd dianmnes. and_in the .
ol yrrer | zat P%ﬁh#@%h%&ﬁ%%%{l 585 B eardak b e nd Fiamies
ami nocar box§PP c1hithe PELYMETA HdcePh bR EO AL A FOR}F| derkiatiyes,

sal ts of anPHeRaddABANPEapkexisiic Batribesniandngnarkenamides, end gr oups of

t he starti ngmimowandroxydic ss$teeds mg eblgonef amieacirbv:dyl ienacidot e to form
an ani de 19" @iPno adil \WAlrBbxy T ehd\@irBhps b UHaS8EHLH{ly mdRomer®V&d from the

pol yner rragﬁarm}# i BhYPETIZR QRch !0 GRLRRZAN thg m&oﬁggct

am de end groyps starting _nononers qr. starting aligoners 1

with one agSFﬁg a5 1 &P ‘5%{%%%@_5}3%%%‘3% BBt efg%’l‘?’m’bt?'ﬁ FOLERET

subsequent | FaB&- rEhdEdPPIBRTTIRALIERy FES™ RRESOXaR des ,pShenaRind @i

reacti on i sansdelend gxbups cdff ttheastapbinyg owdenssas i on.st20tThe obigomerszati on

from | actisneeast siidit iong ADGKINET o0 Eosh adrl iamdde Oht QRINE hemdsiEl The

referred toagsoRd )(:%Qldis.hb@é'querftllgfhbeofé’tﬁ’égéﬁe§roﬁafh@%di%§£rﬁﬁéjssf.r Gl s

mononer s sebgehidd {Abheeadl AP 18OR G0 L A TR

onega- am noca o%g;% c _acids, omega-am nocar Soxy Ic nitriles,

onega- am noegﬁ%% "§851°8al ts of 25 omega- ani nocarboxylic acids,

onega- am nocar boxylic esters, equinolar m xtures of diam nes and

di car box i Fhacpalymerdizebitwxixdarnc lact anslismrishert smd treynotenst or |Ssirandg

di am nes or oliguherLdsohssally meterted fy aepbogsadkirdwa.per se, as are

described, &QEnh ey dek et bhtdPnd®GrdiEnbnsme 8 ¢488cta@ ERin\thé9 196

oot o7 ) HEEBU UL oCERG 08 S BT SRl 4344, PP
omega-aminocarboxylic nitriles, omega-aminocarboxamides, salts of

25 omega-aminocarboxylic acids, omega-aminocarboxylic esters,
equimolar mixtures of diamines and dicarboxylic acids,
dicarboxylic acid/diamine salts, dinitriles and diamines or
mixtures of such monomers by methods known per se, as are
described, for example, in DE-A-14 95 198, DE-A-25 58 480,
30 EP-A-129 196 or in: Polymerization Processes, Interscience, New

York, 1%77, pp. 424-467, in particular pp. 444-446.

Possible monomers are:

35 monomers or oligomers of a C;_Cjp-, preferably C;.Cig-arylaliphatic
or preferably aliphatic lactam, e.g. enantholactam,
undecanclactam, dodecanclactam or caprolactam,

monomers or oligomers of C;.Cyp., preferably C3_C;g-aminocarboxylic

40 acids, e.g. 6-aminocaproic acid, ll-aminoundecancic acid, and
also their dimers, trimers, tetramers, pentamers and hexamers,
and also their salts such as alkali metal salts, for example
lithium, sodium, potassium salts,

45 C5_Cyp-, preferably C3_Cjg-aminocarboxylic nitriles, e.qg.
6-aminocapronitrile, ll-aminoundecanenitrile,



Possi bl e noo0oBors3248: 35 nononers or oligoners of a C2_C20_, preferably
C2 _Cl8-arylaliphatic or preferably aliphatic |actam e.g. enanthol actam
undecanol act am dodecanol actam or caprol actam nononers or oligoners of
C2-C20_, preferably C3-C18-am nocarboxylic 40 acids, e.g. 6-am nocaproic
acid, 11-am noundecanmi aci d, and ;_Igso t heir ge triners, tetraners,
pent aners aBA HRSESF s OL1G0RPTS OF Frrdizp~AWMes acid Anides | 8+9- net al salts,
for exanpl e®- APNAGHRT OeBifeum 1 lyamaBeiRdRcamoenide A 2280 thejreddmgssy
C3_C18- am nbraméxeey ltetraners,| gentamgrs & deixanesps onitril e,

11- am noundecanenitril e, 0050/53249 7 nononmers or oligonmers of

C2- C20- ansgs g6id Fedesansy %I-cﬁ_ﬂrgﬂoegeép%?ed% bRyl n%)t(egg@fanoam de
esters, pre eé %igcﬁ' Eﬁaé’?ge n-%"sllti:gi vl ?h&@l e%‘;?r Cs‘ﬁ""
|--propyl REGLRLALLY] bwftl?T Js“°§lfi‘lr pxg %‘éraé’ldﬁf' é29C260‘amm° ‘i‘%?‘é‘rcgbl y
C3_C18- ami n@’é%ﬁltﬁ)xFIOFcea%mEFsﬁ methy GGmkmapr@ate éét-emsnourcﬂecgmﬁsl e

met hyl 6- anesosenr dareexdiip Bnimeshpll et braxinouadéearmatiegr exanpl e net hyl
11- am nogpdecanoate, 10 nonomers or oligonmers of a C2_C20_, preferably

e e D
di car boxyl |§ g’Jé? ﬂ( lenﬁ%ﬁ%l i | ég()r AR eP?%'raé‘B‘lne fger§5’6¥0| c

aci d, dodecaﬁ’é%}??ﬁhé'lﬁef’ﬂla%’d}epl Yikhi g, CZS@UHC@HPF?W‘E‘Y Cde‘%lané?sll-li’ﬁactrhcl e or
adi poni tri | éicarhpxyllde ahed ronjlanmpsonumnier or dimitrdrher thepeoft,a®egs or
hexaner s 15neeisareics aeide| dodemnedibia 4&5-d,2Qdipiefarial)| geBfconitrile,

C2_Cl2-al kyh@mcﬁmﬂeus & dAbbaTeid enadi ATEH & HYirPASHEF A0 I iners,
hexanet hyl egggf&? &%H}n&s(?%rcﬁgﬁad?&%f erably C8-Cl2 aromatic

di carboxylic ac erivative thereof, for exanple an acid chloride,
e.g. 2,6- naphthalenedlcarboxyllc aci d, preferably | sophthalic acid or

t er epht hal | BOBRNEFS QRACALIPETTPE @i FaFa, PSSEPFARYE, tetramers, pentaners
or hexam@PsC:2.famroxikys.copdbamirenees gof tatmeme,‘tepe@ifmalbl pr preferably
C2_C12- al kyhexerhthyileaedarifind e Wi @iei hg_ensdipateanslly @56¢8r 8bbatic
hexamet hyl ea%ﬁamac%ém B1CR_G8P:ivdY RleC BB Y080 fo3 EA8asiy IR hBhati ¢
dlcarboxyllghf5¥f& deﬁ'éﬁ% ﬁﬁ%hgigﬁeé{carboxyllc acid, preferably

1sophthallc acid or terephthalic acid, and also their dimers,
25 trimers, tetramers, pentamers or hexamers,

monomers or oligomers of a C;.Cyp, preferably
C;.C12-alkylenediamine, e.g. tetramethylenediamine or preferably
hexamethylenediamine, with a Cy_Cjpy, preferably

30 Cg_Cjig-arylaliphatic dicarboxylic acid or a derivative thereof,
for example an acid chloride, e.g. o-, m- or p-phenylenediacetic
acid, and also their dimers, trimers, tetramers, pentamers or
hexamers,

35 monomers or oligomers of a Cg.Cyp, preferably Cg_C;p aromatic
diamine, e.g. m- or p-phenylenediamine, with a C;_C;q, preferably
C;_C14 aliphatic dicarboxylic acid or a mononitrile or dinitrile
thereof, e.g. sebacic acid, dodecanedioic acid, adipic acid,
sebaconitrile, decanedinitrile or adiponitrile, and also their

40 dimers, trimers, tetramers, pentamers or hexamers,

monomers or oligomers of a Cg.Cip, preferably Cg.C)p aromatic
diamine, e.g. m- or p-phenylenediamine, with a Cg_Cpgp, preferably
Cg_C1; aromatic dicarboxylic acid or a derivative thereof, for

45 example an acid chloride, e.g. 2,6-naphthalenedicarboxylic acid,



for exanpl e0@80L8324%hl oride, e.g. o-, m or p-phenyl enediacetic acid, and
also their diners, triners, tetranmers, pentaners or hexanmers, 35 nononers
or oligoners of a C6_C20, preferably C6_Cl0 aromatic dianmne, e.g. m or
p- phenyl enedi am ne, with a C2_C20, preéerably C2_C14 aliphatic

di carboxylic acid n dinitril there aci c

aci d, dode&ﬂ% ngaﬁ?%%‘g‘&} Fca%léfc? tgﬁﬁﬁt&%l}ﬁ]ﬁ’:l pET guéé%%&ﬁ ?‘i’?’r

adi poni t ri | Elmexigo ’&Félbe‘fﬁveltretﬁemﬁﬁer@ntﬁﬁ?ﬁ%r%r hPé?F‘ﬁ?ﬁe-rs pent aner s or
hexanmers, nononers or oligonmers of a C6_C20, preferably CG_ClO aromatic

di am ne, e. :@pndfﬂererof) Phicjtrle@Bedf adNidyec, , , WokBfer 88 yCep.c,pr efenisdilcy C8_Cl12
aromatic ﬂ'&ﬁd’nﬁ% £CqaGhd oo pa H@Ayl\é%uxsmizk@r%afm Soc'i keaBly aci d

¢
chl oride, ecgcf%l Oﬁ?ﬂ%ﬁ% %“%Ql:&?ﬂc?:gﬁylc ci‘ﬁso K %%rlv g?@ the eSEerab' y

i sopht hal i c_’ac :

tetraners, PEnEXABPLE AD l?é’)%&lnﬁbg TifsofePs Ofr dh Q&Sn’BT ‘?ﬂy l@fi?) ie
pref er abl y aaidz1end alemdied rodimens n&ripeys, rﬁef@ﬂmsrphepgnt@ﬁ@aﬁa% ne, with
a C9_C20, prefameably Cg Cl18 arylaliphatic dicarboxylic acid or a
derivatiye thereof, for exanple an acid chloride, e.g. o-, m or

p- phenyl e”%:ﬁ;‘&f’e&bcora&if%mégg 8t S d;héi gk&?ééab k:m%f aI— d13PpGei

o Cio.aryl SYAer) €1ty mmotob by briafecanals, i adsiene Prabrafl o

preferably zcﬁmf&lahﬁbh%t@&a&#)e&rbwmlé QEi & BAnoRitEh L 9% |41€16Flle
dinitrile theneodf K eeqg.sadwisaci achdi dlodgodrediudi ecddactdiipisdiapid, aci d, 15
sebaconi 15iéehaddmﬁ;aﬂﬁﬂéniderdahedmladjl.@omrt sdimoniadrdlal sand kaise tHehers,

trimers, tedinFa, S cr DRt RS rihe AEX YRt Sme PO Y Blckafbr®) | gOners of a
C7_C20, preferably CB-CI S aryl aliphatic diam ne e.g. m or

p-xyl yl enedi amine, with a 06 C20 r ef rabI roma
di car boxy| | FOREREE SoPT L HITEEF| OF EF)I‘F(-fr e P m% 15n2%% jragll(ﬂ?%??de
e.g. 2,6- nd?)?ﬁ“ﬁ@leenédgcd?‘bé’)?yPrEY%X:ﬁi‘edlﬁF‘é‘f‘%r é‘[ﬂt% Ps%ﬁﬁnhal?’@f&EPBlbr

ter epht hal i &-6¢i dhromptial dixaripeixyliciamids ort ai derivatiizer therent,pdaraners or
hexamers, 2&diiplemahsa®id @hlgeiRes ©fg.a206-fafhthulehedadd sbdy1Ct8acid,

aryl al i phat;bféfe@'aﬂ nﬁso ﬂlal@b 8¢ i -0ty ek epRU AN G i dM telhda a@8oFReir
preferably diCQef%:18 % %@%&aﬁegé c%lél%g_é}(‘gl,g C?ICI (l ofs derivative thereof,

for exanpl e an &¢i § eny enedi aceti ¢

25 monomers or oligomers of a Cy.Cyp, preferably Cg_C;g arylaliphatic
diamine, e.g. m- or p-xylylenediamine, with a Cq_Cj¢, preferably
C9_Cig arylaliphatic dicarboxylic acid or a derivative thereof,
for example an acid chloride, e.g. o-, m- or p-phenylenediacetic
acid, and also their dimers, trimers, tetramers, pentamers or

30 hexamers, and also homopolymers, copolymers, mixtures and grafted
polymers of such starting monomers or starting oligomers.

In a preferred embodiment, caprolactam is used as lactam,
tetramethylenediamine, hexamethylenediamine, m-xylylenediamine,

35 p-xylylenediamine or a mixture thereof is used as diamine and
adipic acid, sebacic acid, dodecanedioic acid, terephthalic acid,
isophthalic acid or a mixture thereof is used as dicarboxylic
acid. Particular preference is given to caprolactam as lactam,
hexamethylenediamine or m-xylylenediamine as diamine and adipic

40 or terephthalic acid as dicarboxylic acid, or a mixture thereof,
in particular hexamethylenediammonium adipate.

Particular preference is given to starting monomers or starting
oligomers which on polymerization lead to the polyamides nylon 6,
45 nylon 6.6, nylon 4.6, nylon 6.10, nylon 6.12, nylon 7, nylon 11,
nylon 12, poly-m-xylyleneadipamide or the aramids
polymetaphenyleneisophthalamide or



acid, and a08B0f53249di ners, triners, tetraners, pentaners or 30 hexaners,
and al so honopol yners, copolyners, m xtures and grafted polyners of such
starting nmononers or starting oligoners. In a preferred enbodi nent,
caprolactamis used as |actam tetrangthyl enedi am ne,

hexanet hyl enedi am _ne. mxyl yl enedi am ne,. 35.p-xyl vyl enedi am ne or _a_m xture
thereof is B% d—pggag}ﬁgwﬁ%i%ﬁa‘ep ‘dﬁ"{?fa&"lggi'd,lgs%%r%cg&%ig‘,;nnd@& c&n%i oi ¢
aci d, terephiIRf ibc bacPIF LIGWGFAY B¢ eZad BYLeP fi-Brure thereof is used as
di carboxylic acid. Particular preference is given to caprol actam as

| actam  hexmnetdiglfenedd ambed ifen} Xytey lognadirangmda nasedi batores aad beli pi ¢ 40
or terephghaldf 3CiHeasrepHAROKYLE CLiRC ipdlyQhi dedl MavhRtifSROkhaihn
particul ar REXAIRLDLI ehe L AHIRILLRUID G, EALT G oPT RIS C0Geche 01 Ven

to starting oners or sta 1\_/rrerlzatlonleadto

arting. ol S | on
the pol yam SRR f GHSECMS S HIENERER, O FRBATS. RECARFABITCL M BN 6. 12,
nyl on 7, ny$3%InpEl whigh| afe FRacksye- R BAlyrBide ot PFARLAEN 0P 1 RFafPHR

pol ymet apheayd ernsios opht émal anifderor i03® 5324%H systems in the form of

pol y- par apheiyd@nereFepib g, dearboklalgbGps athich AykOfedrtdve fyl on 6. 6,
particul arl oﬂfﬂiﬁ(ea?%i/mé‘é’id?ﬂ 6.6. In a preferred enbodi nent, one or nore
chain regulators can be 5 used in the preparation of the polyam des.
Advant ageous chai n regul ators_are conmpounds whi ch have_two, three or four,
in the cas®ndthesfdrERsC23f 1 HEEf BFPIYFLS i°l§§?én?ﬁ &5&r RBLYARIRAES MRPRS ERF oups
whi ch are reemrdners usegofgmrrépatbngrttticopodyamide draveppegreatqy. nuWBer t hr ee
or four, 16nof hemig@s grofips yut &g i nediierflentsohsdd to fers phefpeilgzbky two,

carboxyl gr gadsn \Mihiaﬁhcé._ﬂ@o:%ﬁa%&bﬁﬁsi& el Yagi@brf1enwat :98a dd) foltm £he St
case, the p%gf%;ﬁtrscgg-gl_ ned are pol yam des where the nononers used for
prepari ng the polyam de have a greater nunber 15 of am ne groups or their
equi val ents used to formthe polyner chain than carboxyl groups_or their
equi val ent sTRsE® S§oPBENFasRey thel Preduchfaicktaiped Wéeseeih%fﬂk%%se?hﬁﬁ%

pr oduct s 20btke methomes s pesgdirficde prabaying 2bet helyamigiee have sk dfegrtepr epar i ng
t he pol yanm gemthay @ facgrpetEl groaperooftirdrbenyivalentasusedtteiforaqtheal ent s
used to forpifier RRLYACEhAD M nkbNg ol R GhOUPSediivilBhis Qfiddv @bepésm Used

to form th&?%&i&%@rcgﬁéﬁ 25 Conpounds whi ch can advant ageously be used
as chain regurl at or's :

25 Compounds which can advantageously be used as chain regulators
are monocarboxylic acids such as alkanecarboxylic acids,
preferably having from 1 to 20 carbon atoms including the
carboxyl group, for example acetic acid or propionic acid,
benzenemonocarboxylic or naphthalenemonocarboxylic acids, for

30 example benzoic acid, dicarboxylic acids such as
C4-Cip-alkanedicarboxylic acids, for example adipic acid, azelaic
acid, sebacic acid, dodecanedioic acid,
Cs_Cg~cycloalkanedicarboxylic acids, for example
cyclohexane-1,4-dicarboxylic acid, benzene or

35 naphthalenedicarboxylic acids, for example terephthalic acid,
isophthalic acid, naphthalene-2,6-dicarboxylic acid, C;.Czp-,
preferably C;_Cj;-~alkylamines, e.g. cyclohexylamine, Cg_Cao,
preferably Cg.Cjp aromatic monoamines, e.g. aniline, or C;.Czq,
preferably Cg.Ci1g arylaliphatic monoamines, e.g. benzylamine,

40 diamines, such as C;-Cj;p-alkanediamines, for example
hexamethylenediamine.

The chain regulators can be unsubstituted or substituted, for
example by aliphatic groups, preferably C;-Cg-alkyl groups such as
45 methyl, ethyl, i-propyl, n-propyl, n-butyl, i-butyl, s-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl, 2-ethylhexyl, OH, =0,
C;-Cg-alkoxy, COOH, C;-Cg-carbalkoxy, C;-Cjp-acyloxy or



are nonocar D089¢/658248i ds such as al kanecarboxylic acids, preferably having
froml to 20 carbon atons including the carboxyl group, for exanple acetic
acid or propionic acid, benzenenonocarboxylic or naphthal enenbnocarboxylic
acids, for 30 exanple benzoic acid, di rboxyllc aci ds such as

C4- C10- al ka ézg E iC amg for exa | e .adi pi c_acid, azehgf aC|
sebaci ¢ aC| (?08 LTS o SuLfenic asigs. oy A SALES o & Hox fLFRIL® for
exanpl e cyEF dhesedride1 eath é@t@éxﬁltﬁ'a(ﬁYenob%ﬁzlﬁﬂé’QGPSSS“Ch as

napht hal enefileerinexy chéoninals brbpinex Bremeleer ebHusiticuted dshaiinsopht hal i ¢
aci d, napht hadiengo2 sbate COIIF»igbpRtRElI 1t aCddC20ts alpaghene@bdl or

C2_C12- al kyLepd N8 e8réh rﬁé‘é‘allo%ﬂéafag 1@@1152:9; so‘arlﬁfneéfl o o823 6rh0

aromat i ¢ mopoad “%%1158190;:1%%1'%%5% £sg0 ﬁﬁa.r?ﬁ;fe .er%b' g 018

aryl al i phatT ¢ non =i ne €S, suc

0t C10- Al kaFedIarR HERRO 180, O °e‘S°HB§'a?1’e’t%ﬂ°é‘Hé'a+%"rﬁ S dlgpidetyaiin

regul ators Bahtw@ﬁs%slmmrarwbmthe@m at, ldamt oagampine [groupi phdt i c
groups, preaes eﬁﬂly:aﬁlecxenlﬂcyhnlggop@l;yamdesase@ mebdayke theldnddiamipe ogpy | |

n- propyl 10nsbatidocalprBué Ydaids-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl ,
2- et hyl hexyl, OH, =0, Cl C8 aI koxy, COOH, C2-C6-carbal koxy, Ci-C10- acyl oxy
or 0050/ 53249 10. Cl- sul foni,c acids or, their salts

al kali meta 1r(’)armalrﬁg}l ?l ° ratnh ﬁ%?%‘fa%eﬁutsg'y ?/a‘hso dgr""nhﬁli“%lb’&% §uL&‘Fi
fluorine, chedFt PellpPBht né’reéféﬁ’a?-%sa‘bfleééﬁs?f?%t"&}%ch% rParrfe‘g:HIlaf-'o?% are
sul f oi sopht heddtt 0a@i telti shadedabh heowrxl ofr agid| &eddengreaps hofhethel salts,
e.g. |ithsupplyadidem or potassium salts, sulfoisophthalic esters, for
exanpl e esters vvi th C1-Cl16-al kanol s, or sul foi sophthali c nonoam des or

di am des, ig . fr%gh Ledf t&n”ﬁﬁ@&ﬂ?{é 'sﬁk} an\fse%f 1|ne rﬂgse o3MhBE group

REER R e i e quo ded in

amount s of a%rt’rcé’éﬁ-' pob NGRS Rhapr @i ety hesedan lomeh @ agig pmide
particul a0 aroupssast tbe 2podpaidideased on 1 nol of acid am de groups of the
15 polyam de. A chain regul ator can advant ageously be used in amounts of

not more tfan ol QvaRk foe i LleaiballYeMO! tHR ol Patidd EalOlmpdike Rarticul ar
not nore th@ﬁbé&é%ﬂf@'ﬁ@n&@?séjﬁiBeéléﬁﬂe‘gérﬁ%h 1ve d%lch is chemically
bound to the polymer chain as chain regulator. In this case, a
25 single sterically hindered piperidine derivative or a mixture of
such sterically hindered piperidine derivatives can be present in
the polyamide.

As sterically hindered piperidine derivative, preference is given
30 to compounds of the formula

R2 R2
Rl N— R3
35
R2 R2
where
40

Rl is a functional group which is capable of amide formation
with the polymer chain of the polyamide,
preferably an -(NH)R> group, where R® is hydrogen or
C;-Cg~alkyl, or a carboxyl group or a carboxyl derivative or a
45 —{CH,)x(NH)R> group, where x is from 1 to 6 and R> is hydrogen
or C;-Cg-alkyl, or a -(CH2)yCOOH group, where y is from 1 to



20 groups obosbgsppigani de. I n an advant ageous enbodi nent, the pol yam de
can conprise a sterically hindered piperidine derivative which is
chem cally bound to the polynmer chain as chain regulator. In this case, a
25 single sterically hindered piperi diﬂe derivative or a mxture of such
sterically hindered piperidine deriyvatives can be present in the
pol yani de. As sterfTcd M hz h&QPEda‘bJr(géjrelr&FﬂElY)"e'r WPEEPVE, 15 T8y éntR b
given 30 to cobpRAFIIcsiarmn fdHaueEPY5 R1 R3 where 40 Rl is a functional
group which is capable of amde formation wth the polyner chain of the
pcil >égm ?E | Rt ef £g adil )th)Likﬁ}l- §P6BI5 pie@Pab W&y ellf%Jas.kbty%ﬂgfm 5%114%5

-C8-a , or r rot a £c € i ve 1!
ot () LB B Rl RS il e,
Cl-c8-al kyl, or a%&@ymﬂ J188p2 D FP8Pfrom 1 to 0050/ 53249 11
6, or a -(CH2)yOOOH acid derivative, where y is froml1l to 6, in particular
an -NH2 grokb, R liwirggen| k§i-Cyralkyl prePeRbblwhexeCRé G4 alykdybgem oup such as
5 met hyl, ethyl¢,4eypadbpyl, i-propyl, n-butyl, i-butyl, s-butyl, s-butyl,

in partigglar ai;gldPtlicdi@FPhyd#dgen.hydrogen, Cl-C4-alkyl or O-R4, where R4
I's hydrogen Cl1-C7-alkyl, 10 n particular hydrogen. In such conmpounds, the
tertiary or_in rticul ar secondary am ne roups .of the piperidine ring
syst ens usuﬁ‘i‘li’ﬁ%bcﬁﬁ‘?mf‘é%t t _eﬁﬁf\:'éjearéﬁ‘ ot g?i% ?ﬁﬁ?&ftlaﬁc%.c%aﬁy amine

parti cul ar | g*PHRE Ofr Ehe sRIRATELLNG Fitf SYS§ePs pesuadilyedodert Egdicke i s

4- am no- 2, 2béc@isgecofanbehid fiipdradéeme. The sterically hindered piperidine
derivatius can advantageously 20 be used in ampunts of at |east 0.01 nold,
preferably gtpd:e8%018rPp PRIFGrbl PAELIRYNG hlad RRPbifedide’ based "on 1
mol - of aCISEEHUéﬁivgrQgp?-éﬁiﬂbhs,Q?&}gﬁpe%%amethylpiperidine.

The sterically hindered piperidine derivative can advantageously

20 be used in amounts of at least 0.01 mol%, preferably at least
0.05 mol%, in particular at least 0.1 mol%, based on 1 mol of
acid amide groups of the polyamide.

The sterically hindered piperidine derivative can advantageously
25 be used in amounts of not more than 0.8 mol%, preferably not more

than 0.6 mol%, in particular not more than 0.4 mol%, based on

1 mol of acid amide groups of the polyamide.

The polymerization or polycondensation by the process of the

30 present invention can be carried ocut in the presence of at least
one pigment. Preferred pigments are titanium dioxide, preferably
in the anatase modification, or ceolor-imparting inorganic or
organic compounds. The pigments are preferably used in an amount
of from 0 to 5 parts by weight, in particular from 0.02 to

35 2 parts by weight, in each case based on 100 parts by weight of
polyamide. The pigments can be fed into the reactor together with
the starting materials or separately therefrom.

The polyamide can further comprise organic or inorganic
40 stabilizers, but is preferably free of such stabilizers.

Advantageous thermoplastic polyamides in which a sterically
hindered piperidine derivative which is chemically bound to the
polymer chain is present and processes for preparing such

45 polyamides are described, for example, in WO 95/28443,
WO 97/05189, WO 98/50610, WO 99/46323, WO 99/4894%, EP-A-822 275,



The stericabbsolsB@daded pi peridi ne derivative can advantageously 25 be
used in amounts of not nore than 0.8 nol % preferably not nore than 0.6
rmol % in particular not nore than 0.4 nold, based on 1 nol of acid am de
groups of the polyam de. The polyneri2f5ion or pol ycondensation by the

process of the 30 r?g%ent 'a}esgﬁl on can be carried out in the presence of
at least ofie- %%g Y AR rRAEDt ARPEI TR dP BT U - Bpref erabl y
in the anat &Q fli @gdi L0584 I-or-| mparting inorganic or organic
conpounds. The pignments are preferably used in an anmount of fromO to 5
parts by weRgi¢tods) fpar the Wadchiies Prdpharta®idh &f RAichS th¥rM&pBHtici N each
case baseg BOLY A deal tf§oaymcyiranmg @smﬂfq %%@hdﬁolg dRLILRA! A LR nDe fed
into the rea Ltor, g_%eEgg H\A:t o g tar [ ¢ eparately

t her ef rom gromary i trh Pz lposg or g%nlpé’eﬁu{:%b gegﬁ’eé'a it o
stabil i zer san%dfm}t«snﬁr efe?%fb’rwfe?eéwah %‘-’uc‘:’lartﬁ‘abﬂq FergTa iy, dioxgeofier

t her nopl ast exappley fxoneEournévhilon aitt aragesl BH-4hi mbetddnp? p&rd .Fi-neand
derivative 8b+&lh, isecehoni Zatl4y.2houahod® ddneenpsl e hekbbiy Nidconporaead and

processeldof By B RAFNCBYLALE LS pReky dlTrapeigescri bed, for exanple, in
WO 95/ 28443, WO 97/ 05189, WO 98 50610 WO 99/ 46323, WO 99/ 48949, EP- A-822

275, 0050/ 5%%49 12 EP— A- 84 Sd t he German aten gl | cations
10030515. 6, - "4 RIFEETE 1% 5@? ymer g SEER ) 1P Pfio °Y5 at a
prepar at i onPBES Y aPHEFnﬂb‘P‘é’é’ttl PTessuRs .y A% aBRientoMIREABAR IR fdr @ ng such
pol yam des anessireobehew miyimmst presswss drfeayulimrpdlyrerpaapose’) €. g.
pressurejstenperature and content of additives such as water, are generally
known, for A% ?égylﬁ'ef beMhEOUAL, thef $ivpa, PRIEEARIY notChbiOR 1an2. 3 5.

and 5800, 256GION % fad e PRSP LN R 205N SRY BAGOTARLR! €8 pdO bY

ref erence |nfo araft ion o

step a) canPhEt ﬁﬁﬁrééf Bﬁ‘fa’bﬁag&c’ugré‘%’étﬁl’@ 8589@ HrinAne RE b’i‘%s%‘l}rYS'erai'“

anbi ent pre3kure or at a pressure bel ow anbient pressure ("vacuum

pol ymeri 2&8tion"). 15 A pressure of not nore than 3 MPa, preferably not nore

than 2.5 MPan vdtubal polihériA2ali oDl €nd haive201 Mras 433S theeprdsyind 9 be
particul arl y. advantAgeeusy fGle WGP’ SRAUA0BE Ofnd 12aBRL ¥ BH: dthr) unddr
the reaction conditions, e.g. at the respective temperature and
composition of the reaction mixture.
25
A pressure of at least 0.01 MPa (absolute), preferably at least
0.1 MPa (corresponding to ambient pressure), has been found to be
particularly advantageous for the preparation of the polymer in
a}. Furthermecre, a temperature in the range from 100 to 380°C,
30 preferably from 120 to 350°C, in particular from 145 to 295°C, is
advantageous for the preparation of the polymer.

As reactors, pressure-rated vessels, e.g. autoclaves, have been
found to be advantageous. Such vessels may contain devices which

35 promote mixing of the charge in the reactor, e.g. wall stirrers,
blade stirrers, turbines, static mixers, injectors.

According to the present invention, a melt of the thermoplastic
polymer formed in a) is transferred into a piping system suitable

40 as circulation system for the melt of the thermoplastic polymer,
for example via a pipe.

Here, a very short connection between a) and b) has been found to
be particularly advantageous.
45



I n vacuum pobso¥s58249ion, the lower limt for the pressure is generally
set by the vapor pressure of the reaction m xture under the reaction
conditions, e.g. at the respective tenperature and conposition of the
reaction mxture. 25 A pressure of at ast 0.01 MPa (absolute), preferably
at least 0.1 MPa .(correspondi n% t 0_anpl ent, Eiessure has_been found to be
particul arl 9% FoBBTECT G127t &R H3fara BRI P HR%e ¥ bFS’/n%‘?r“fsha a).

Furt her nor e€ l‘éF‘%’é:nﬁé‘r at pReralitynhet  sumfe Hipshr 159 iso liBevisgEqnsdbieafey
from 120 t oaBSHgsti onpapipe (Hoahate o Hrdnchos896iat ithe mdVantlxgsotbréught he
pr epar at i ona ofadyidgpatmber .ofADibescaering RAEEEL4ErdnAt ed vessels, e.g.

aut ocl aves, have been found to be advant ageous Such vessel s nay cont ai n

devi ces whi ar n . the reactor
stirrers, %Ib ad]e vg?{?é& ‘m% eﬁ%aS ] Qggnagl(earvseragﬁ REPG L /Eg%rhn ng to
the present® ?\\Féﬁﬂ%nGnSY%t%I 't"ﬁ%ntq*f@r ﬁﬁﬁF‘és’E‘f%t"ﬁoPQm@P fend@stn a) is

transf er r edapPaxRtASpicpi niewad ianthei fiy dizechioriqaqubeat eawrkytst em for the
nmelt of thegtémrerophast tite pEapmareradeopipeadpasetdn batpepe. thdernasta very

short cofpeghp mtm%tgzean@)u@thbgt@éa&%&na § oWEid0 inbenPaFidwcul arly

advant ageous, . &% 0950133249 JhdsndNey Alal g gﬁéegyh%noeogpiu&ean ShEELS
P oS bl e § op b aibmeter s %ae%l% La AlafloP i) RuPeRe Tded Spphiatioe

through a Shr¥iew§cndrbehe dFloyi Bé&eﬁmmg%r-hew%ﬁq @yerage rPiRe ddeBAteeous
enbodi nment , bétweeredhealesgppairpbusi @netngr the fifet peprhgr systvdewbil bet ween
the fi rsusremtﬂrma)haédtidte isaptefépylidnatinsthe ndrRjecdrom 14 td aw:1

direction cgp ha818@uakrt Pn Ahe FaBEL CErdan 1t B $EAN average pipe di anmet er
between the Iast 10 apparatus c) and the f| rst reactor a) viewed in the

flow direction. In the |p|n sstem ratio of tg anaerage

he
pi pe di amet BYCHiNge ot HRe ALESEDF LRYY ]é’)“'aﬁ?ie Y Qe v aﬁ'jlc
viewed in thelymesyofitaéped o‘ﬁl S&ephe) n‘@éﬂ?e&\ﬁeﬁbw gipéhgi Hh@élé.’r SYE'é?Weféh t he
| ast appaPadtusz gleamndvehagd iwadfl sbeat orat@) ini ehedrangel Sromed f1 aw di recti on
i's preferablyoidiithpré e iy aovd 4.4 @olB0ls-1,i Anppattidlar ifRoh e Heange
from1:1 to;§:di1, where the wall shear rate is determined according to the
equation

25 dv/dr = (4 * V)/(n * r3)

where: v flow velocity
v: flow volume
rs radius

30
and at a mean average flow velocity in the range from 0.1 to
100 cm/s, preferably from 0.4 to 50 cm/s, in particular from 1 to
10 cm/s.

35 The temperature of the melt of the thermoplastic polymer in the
piping system is advantageously at least 0°C, preferably at least
10°C, above the melting point of the thermoplastic polymer,
determined in accordance with ISO 11357-1 and 11357-3.

40 The temperature of the melt of the thermoplastic polymer in the
piping system is advantageously not more than 60°C, preferably not
more than 40°C, of the melting point of the thermoplastic polymer,
determined in accordance with ISO 11357-1 and 11357-3.
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Accordi ng toosdssy2ze£sent invention, the nelt of the thernoplastic polyner
obtained in step a) travels along in the piping systemb) 20 at a nean

average wall shear rate in the range fromO0.1 to 100 s-1, preferably from
0.4 to 50 s-1, in particular froml1l tq, 10 s-1, where the wall shear rate

I's determ ned according o the _equation 25 dv/dr = (4 * V)/(n * r3) where:
v: flow vel g @pverent [y ths Bait q?ta heq EhermepLaTE 15t P%lmn&éi‘vépﬁge f1 ow

vel ocity i rPiMagr aHEEeR rwp belgerended ppselypridiearadly by ewapssofo 50 cmi' s,

i n parti cul duffleremt 1temperk@ueces sand@Xhlise depsipey atiffereficddhanmehe oélt he

t her nopl astig 4hel pAPindg syidiem.Pi pi Ng system i s advantageously at |east 0C,

preferably at |east 10C, above the nelting point of the thernoplastic

pol ymer, termned ip accordance.wth | SO 11357-1 and. 11357-3. 40 The
£t p o0 ReBt A tinsrasere ok e PRI SR G sytem

t enper at ur € of the-nel -0 _ :
i s advant agidipnadly RAYe CRENCBITSTS CORERRbIY deyicefoiritabds ABE of the

mel ting poimAvigly the maky mfpthst thegnsplastic piEivmeni aedthe leogstudieal wit h
| SO 11357- ldiaredtibA53£ 3het piPARG/ &34, 1 fre Tduwablyy efenbdr aioreh@unps tswath t he
ther mopl ggtds kY PBhpd N Wdith pRinPs DBt BihSAN LAexIBHRHS! ektPUASLY,

thermal |y hy. n | ffern atures and thus density differences
in the nelt 15{793;%'[ Egﬁé?b?dn%ntgﬁg? arhi t "has been found to be advant ageous

for the piping systemto additionally have one or nore conveying devices
sui t abl e f oParGisWlAglY RAVANtAIEPUS RONVEFARBpTIGEIGES PBAYHRS RaFafmREers

| ongi t udi nasuiwiblecfporaalfieviegptipe myespgeengamprsdieerabhye arel ¢henpean punps
such 10 35 HeatageUliPsw VElCRiRYTPEes@atibed PUEPEIing tb PheMscesexkr uders,

pi StOn PUNPHLyeiRAbhi E4YaladiifPBe EHdnfifkbar by RAMBNLRISOHSy GARKEYI NY

devi ces anklterﬁ“&% { &L, Suitable for achieving the average mean shear
rate and t nean average flow velocity prescribed according to the

present invention can easily be determ ned by neans of a few sinple
Furthermore, it has been found to be advantageous for the piping

20 system to additionally have one or more filtration devices in b).
In the case of a filtration device and a conveying device, it is
possible for the filtration device to be located downstream
(based on the direction of flow of the melt) of the conveying
device, but is preferably located upstream of the conveying

25 device.

Here, the filtration devices known per se for the filtration of

polymer melts can be used in a customary manner. Particularly

advantagecus filtration devices can easily be determined by means
30 of a few simple preliminary tests.

According to the present invention, the apparatus comprises at

least one apparatus which is suitable for the production of

shaped bodies from the melt of the thermoplastic polymer and is
35 connected to the piping system b), preferably via a pipe.

It has been found to be particularly advantageous to keep the
connection between c) and b) very short.

40 It has been found to be advantageous for the apparatus of the
present invention to additionally have one or more conveying
devices suitable for moving the melt of the thermoplastic polymer
from b) to c), preferably one or more pumps such as gear pumps,
worm pumps, screw pumps, disk pumps, extruders, piston pumps,

45 centrifugal pumps.



prelim naryoose¥S3288rthernore, it has been found to be advant ageous for
the piping 20 systemto additionally have one or nore filtration devices
inb). In the case of a filtration device and a conveying device, it is
possible for the filtration device to | ocat ed downstream (based on the

direction of flow.of .the nelt) of the conve |n evi ce, S preferably
| ocat ed upstPEEIBA LKLY ?‘Rfé%ﬂ S28P Wl@@y ?kg?'cées RE Ff‘ﬁi%thl €on devi ces
known per s@etefmined py|means &f ffe‘rboﬁJyTI?é-re RERENinmTybBessRd in a
customary manner. Particularly advantageous filtration devices can easily
be det er m negrineriaes 30 s debAWESHAPItD béehamﬂw@éohgsfér #ecording to
the presegt, ﬁé{led]:tdsoaf the gRpanat Eﬁv&%ﬂyn' %gsaé&lt o%%i& ORG SRYRAN BEUS
which is su é‘glﬁeilt(%rétwlg (Pé‘}}%%%t bQQwOfn é’% gggh d} roar‘nth rrelt of the
e

t her nopl asti ¢ 7315

3tem
preferably G?]a%f’ e dY 1 A0, éeﬁ"?‘b%ﬁﬁd’gt B‘eHé"%a‘?ﬁt‘-‘l“'@&Paﬁy&%\Fént 588ous to

keep the cbhheration Beviverran) bgndoeatadupsshean  (bpGedt onathehadgerdbip® t o
be advant agebusldwoft hbe apglrjatofs tbé ddrereyingséetide)vénti df prefeddbliyonal |y

have one10r 15®4€ed AVAYL Adam BFVik6@Scomdyallge aboicdOVi ng the nelt of the
t her nopl astic poI ymer fromb) to c), preferably one or rmre punps such as

gear punps, u screw punps, .di sk nps xtr i.ston_punps,
45 centri fua?ﬁe'p IEESBE ”Eeg PR E’Fﬁr? éJe% a38RVRYi ng
devi ces canPRh¥Neyy “ﬁétsd%‘l“ért?ﬁ N&gdpin r\%éﬁﬂ?tBF‘aﬁYfW@rprérﬁ% iefilar y
tests. Furthdvanfrageous Rabtistaionf danices dea advily dgedesefoingddySmeans
appar at ulsobftdefg @imple i prelimiaAry otexdd.t i onal | y have one or nore
filtration devices between b) and c). In the case of a filtration device

and a conve , | t n £ an be

| ocat ed ups%(bpgt K‘ﬁ; Eapgé V@ﬁq’h%) nggel&) mt’? gﬁ‘é’ﬁ %h%%)ﬁa bg‘ﬁi %fr tg"t he
conveyi ng d@‘afbg af“ée r"étTlé:rha V€ 1d Rr(?ggf“éﬂa‘a%gv% g?ﬁ“%?s Welconveyi ng
devi ce. Heréhaﬁehve &-i9-t rfa'c)?k’)‘?rr @e\PFeégmkfrﬁiWJrYpéwos@“f%lrslPﬁélf$hacﬂeat Pofi- of

pol yner €| £slmsn dre ausbhuee+dimenssonahrshapennerg. Reltlietsl arly advant ageous

filtration geyéeEioncablaesipardee determ ned by nmeans 15 of a few sinple
prelimnary tests. For the purposes of the present invention, shaped bodies

are Accordingly, advantageous apparatuses for the production of such

shaped bodies are a spinning apparatus, an apparatus for

25 producing films, e.g. a film blowing apparatus or a film drawing
apparatus, or a granulator. It is also possible for a plurality
of identical or different machines of this type to be connected
to the piping system b).

30 Such apparatuses and processes for producing the respective
shaped bodies are known per se, for example melt spinning units
and blowing shafts from Fourné, loc cit, pages 273-368,
apparatuses for film production from WO 98/5716, WO 98/24324 or
EP-A-870 604 and granulators, preferably underwater granulators

35 or underwater pressure granulators, from German patent
application number 10037030.6.

40
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solid subst aosegssRiaeh have a predom nantly one-di nensiondl shape, e.g.
fibers, a predom nantly two-di nensional shape, e.g. 20 filns, or a

t hr ee-di nensi onal shape, e.g. pellets or injection-nolded parts.

Accordi ngly, advant ageous appar at uses {@r t he production of such shaped
bodi es are a spinning apparatus, an apparatus for 25 producing filns, e.g.
a filmblow ng apparatus or a filmdrawing apparatus, or a granulator. It
is al so pos¥eFE¥r a plurality of identical or different machines of
this type to be connected to the piping systemb). 30 Such apparatuses and
processes for papdiggdratuBestibspaect itve pshRIAgOSRARSI BoRikEO¥snRElsing, for

exanpl e mgl t Sptl'il&;ﬁ'&ﬂ;l‘é@‘t&é SOt 5 n%}f%fn&e§sf{:}?{9f%rﬁesué19§>oq erages
273- 368, apparg£USQ§ i igg;woo%ctlon fromW0O 98/5716 /24324 or
EP- A-870 604 and granu at8rs prie ergﬁfy Uhder wat er granul ators 35 or
underwat er pressure granulators from German patent application nunber
10037030. 6. 40 @b 0@5CWQ§§349HQ6IQQFtﬂraﬁﬁit§bleAﬁoapph¢ahakphm;SEable for
produci ng shaped bopiesmaipni st ng medtt bér anHeasioptapoly MRILYmEE OfTSDNONES S

whi ch fonm such pol ¥sRimers Ihdchatdth BLERESSpolGARRN I Sing a) at |east one
reactor suitable for the batchwi se preparation of a nelt of a

t hernopl astic mer_fr.om 10 noner s ich formsuch ol b
p|p|ngpsysten1EB}¥a%I%?Q%?gCFVE tﬁ%ﬁ¥aP$€ 2% SR aﬁ%ﬁ? RE ¥ "tndned e

t her mopl asti ¢ pol ynef %ﬂﬁjtﬁSrE?P%ﬁ5q¥§a§91¥Wﬁ¥eﬁﬁ@aratus SU|tabIe for the
production of shaped bodies fromthe nelt of a thernoplastic polyner,
wherein 28 the tpaciorldstr east afmarakussSsal Larienmeet ek tprddhet popidm

system b) and the A B9d96s APRH acfhlésx‘ﬁ§119)oﬂ = eﬁ@rmrmtled b Pyt
pi ping systemb). 25 2. An apparatus as clained in claim1, mhereln t‘he

reactor or reactors used in a) is/are suitable for the reactlon at a
wherein

20 the reactor or reactors a) is/are connected to the piping
system b) and

the apparatus or apparatuses c) is/are connected to the
piping system b).
25
2. An apparatus as claimed in claim 1, wherein the reactor or
reactors used in a) is/are suitable for the reaction at a
pressure in the range from 0 to 3 MPa and at a temperature in
the range from 100 to 380°C.

30
3. An apparatus as claimed in claim 1 or 2, wherein the piping
system b) additionally has a conveying device suitable for
moving the melt of the thermoplastic polymer in the
longitudinal direction of the piping system.
35
4. An apparatus as claimed in any of claims 1 to 3, wherein a
granulator is used as apparatus c}.
5. An apparatus as claimed in any of claims 1 to 3, wherein a
40 spinning apparatus is used as apparatus c¢).

6. An apparatus as claimed in any of claims 1 to 3, wherein an
apparatus for producing a film is used as apparatus c¢).

45 7. An apparatus as claimed in any of claims 1 to 6, wherein the
mean average pipe diameter in the piping system b) between
the first reactor a) and the last apparatus c} viewed in the



pressure i np0BO/53Rge fromO to 3 MPa and at a tenperature in the range
from 100 to 380C. 30 3. An apparatus as clained in claim1 or 2, wherein
the piping systemb) additionally has a conveying device suitable for
noving the nmelt of the thernoplastic ymer in the |ongitudinal direction
of the piping s¥§tem, 35 4. An apparatus as clainmed in any of clains 1 to
3, wherein a gFaPlIEEEFEn kY Lapp A atdreater shamithg,pgan grerage
claimed i n any birg|diameteriketyveephshei last appasptumiclg aagphbatfirsts used
as appar at us c)re#&otodn adppaeeadisinashel Alowedirecabynof clains 1 to 3,
wherein an apparatus for producing a filmis used as apparatus c). 45 7.

An appar agug, asag! giJmdehd 20V 1Hine akﬁgﬁﬁytd% @1@2@?5@%% %bewhéggi p&r age

[ di t in_t t t t dth
ast aLSZ‘?ateLs'%‘?tlﬁ SHhelnP OFHE VG588 IBHT ThompFer, H A0S PORITS RGP to
or greater t hanP

REYTesn Shergst pepetel shetod Bt et PRB2F3EMS &lpar at us
c) and the firsviewashdinorhe)fldwewdderhiehed tbe déared@viegageSpipe An
apparatus as clalamdernbatyeai ttleailast lapparGtushey ey tthe fibéd xedktbhe
mean avengge pipfe wiciaet eh ik tHRWPHREEG SIS LEMin Pindelangenste 1M ¢b
reactor a) and {pg | ast apparatus c) viewed in the flow'direction to the
mean average pipe dianeter between the |ast apparatus c¢) and the first
reactor 10 a) viewed in the flow directionis in the range from1l:1 to

10: 1. 9. An? apphi ARRRIASES pfYd RECHYC 3RS pERRsdd Pedies empsiagng t her nopl asti ¢
pol ynmer s from noremepd aghic hedlgmersuhopatonveess 1ghiah Holbat siclprmedgmersn an
appar at ugsas cl i nedatehapyod¥ss dnaafitagpdratls whi €lniGeaptihsesy 4F a)

preparing a melt)pimsd 1t REM FPRIAMN CoRPEY4ERS batchwi se from nononers whi ch
formsuch a polynmer in at |east one reactor, b) feeding the nelt of the

t her nopl astic pol ynmer obt,ained in step . a) into a, piping systemsuitable as
circulation |in® ~ fRBreRATEDHeRt MO He st ﬁ%%‘?ﬂﬂﬂlé’s‘"ﬁ'g IS%*VWér DRGSR ng it

from monomers which form such a polymer in at least one
20 reactor,

b) feeding the melt of the thermoplastic polymer obtained in
step a) into a piping system suitable as circulation line
for the melt of the thermoplastic polymer and moving it

25 through the piping system at a mean average wall shear
rate in the range from 0.1 to 100 s-1 and a mean average
flow velocity in the range from 0.1 to 100 cm/s,

c) taking the melt of the thermoplastic polymer from the
30 piping system b) and producing shaped bodies from the
thermoplastic polymer.

10. A process as claimed in claim 9, wherein monomers selected
from the group consisting of adipic acid,
35 hexamethylenediamine, terephthalic acid, xylylenediamine,
hexamethylenediammonium adipate, caprolactam and mixtures
thereof are used in step a).

11. A process as claimed in claim 9, wherein
40 hexamethylenediammonium adipate is used as monomer in step
aj).

12. A process as claimed in any of claims 9 to 11, wherein the
temperature of the melt of the thermoplastic polymer in the
45 piping system used in step b) is from 0 to 60°C above the



25 through DOSOE5E3249 system at a nean average wall shear rate in the
range fromO0.1 to 100 s-1 and a nean average flow velocity in the range
fromO0.1 to 100 cnls, c) taking the nmelt of the thernoplastic polyner from
the 30 piping systen1b) and prodUC|ng y#haped bodies fromthe

t her nopl astic poI ce as clained_i 9, wherej

nononer s selecte8¥ *??ﬂﬁq}ﬁg g %§ﬁ§wg?*;§f%ﬁ ng?ﬁ?{:égﬁeﬂmlﬁgd in

hexamet hyl enedi 8fFPedancs ¥phbhi§T d1a6i7dl avd VildRddPani ne,

hexanet hyl enedi amoni um adi pate, caprolactam and m xtures thereof are used
in step a). 13l. Alpps@aasasaslaimedrEd aflyCofidDaimswhet®i1e,4@herein, in

hexamet hylsenedi gsﬁr& HMradk Pat ecles ﬂﬁ%ﬁﬂoﬁﬁamraogs&ym@r S{LRakan- 12. A

process as clai QFM (o] erein the tenperature of
the nelt of the thernop agt%ﬁg%g?ﬁié?p 893%? gglplplng systemused in step

b) is fromO to 60C above the 0050/53249 18 nelting point of the
t hernopl astic polynmer determned in accordance with I SO 11357-1 and
11357-3. 13. A process as clainmed in any of clains 9 to 12, wherein, in 5
step c), wgelt of the thernoplastic polynmer is taken continuously fromthe
pi ping system 10 15 20 25 30 35 40 45
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