; 83eRNNCEPj 2088 RBETEI p7' 2063/ 06219 0 4 SEP 2002 LI GHT AND THERMALLY STABLE
PO_YAM DE Description *16616G* 5 This invention relates to a pol yﬁ\rpﬂ{?zh@at
achieves high light and heat stability. More particularly, this invemnti
relates to a nodified nylon polynmer containing a hindered piperidine
conmpound and a chain regulator, wherein the nodified nylon 10 nmer has
an inproved stability to light and heat. 1t is known thatﬂﬂ@ Mmm
nyl on is exptdedANB THHHA ﬁB@EW%éPLYﬁH§D%onn di scol or M
physi cal properties such as strength retention and resi stance *tess
el ongati on.pddwrighabg, 15 the addition of light and/or heat stabilizers to
nylon is gecessary in some cases in order for nylon to achi eve acceptabl e

perf of MRNCeml A3LAPLLL 2805 HBY. 06, Add60,DEl Ui g {88s Blaf 1

pol yneri zat | e_conven Sol ymer
and are not %%d}?& € 8RR oy e ’fec‘-?ﬁtﬁcuf‘ﬁ’é]r%'f Eﬁh‘f‘? °?Orﬁ}%r(,“é§ &hg or
use of the PANAIFLEE, NYIRN NOABIET RATaiRAng e@adﬂn@eﬁﬁ‘érlﬁ{!’@réét-n%f t he
pol yner, evapwoaind, and dehsasheeguigtorThivsemneianshehmedifiedaoyian tpolef t he
stabilizabi ey itasr aduc@kd@daetwﬂmjyr &d DIBfHElandandat mpur i ti es are
rel eased to the surroundings ( e. g. , air, dye bath, etc. . 25 Various

organic sta |.IZ rs ar 0 r on_and.arti.cl ma factured
t herefrom ?‘ &?‘l V\E’l{\%@run? fe[%néxyﬁgyg%%egpgf\g% 9 zlé'P§§s for
exanpl e, hi }h%‘?'e&hﬁhﬁh Py digegl %&T)earﬁdi vesgRd HaPBYFi Ft SFORLF LR \Pélﬁ ss. 30
| nor gani ¢ saabitrergkh aweergener and rasdssapgpearrsievenamtiaonr heféfanda.ve t han
organi c s$tabhé ias@isiohoveidighti and ganheast atdadiildeess std gl ohr Dénreecdist-f er ent
set of probkgie .inT¥pinEadddbs GaNBEder FHrJAPLén HAlbhigws %c&ugha@ﬁe pfeQ'r-

exanpr e, Copcpﬁﬂarfb%rrPQHststaba§19@P§Qn£f 3Rl Sér&eé%re'fBQePrcﬂﬁ%é' ”9

exanpl e i n_fHe JRLY (841 T UG 00 P OGESS,. 1cOPRET, OmROuRdS, By b 6duged to
i nsol ubl e eP@mren eNEN copper uces

product i on RPFIMET ﬁE‘ g’?ﬁi nfaBouRY S |t@§n¥’°]e‘ﬁ‘iﬁ ﬁﬁﬁfnndiw&ﬁaﬁ%e PFdng.
Furt her rrBPeprqqr@Srlégmalusﬁ ofopherrdepadfies @énértabe‘sw@*r\ﬁ canpnesrddady

tal |l y-undesnigidtee elit| aBnthe polpmdéner gyapoesses caubh wsghddopuexariplse, the
treat ment oOfeswd @Ak Vﬁe AR ity bef sche Ehaﬁpppﬂtleﬁnpé Pefaced an Greubat h,

v, e, B SATDLEL A 10 LIS Dl 00 S

envi ronrrent abl.e e nl'y owned United States

Seri al %’04 231 ‘?%‘fab[ anpr ocess for preparing

photocheﬁFcaIIy stabl e, dyed nylon conpositions conprising providing to a
dye bath a ¥émisag argpele Yabilizeppaalobrawn fay 4sSEA NOFlen and ar-

pol y(epsi | oticlagr okhacfacjurteddtbeyefcal.l Pnpopyatarenz eboweverheipr gésance of

wat er and achydiies edapi PRid:@i BEcHE d VEbirVexitle, | Rihder«dy @hBadls, dyei ng the

shaped artighe it 9RE vd LR F&S alrreed; Pindlgnnet al i zed acid dyestuffs. 5
Commonl y vvned United States Serial No. 60/045, 269 rel at es to a process for

maki ng sPabl | i zed ;sol ution-dyed fibers by neltin am de conpr.i sing

am dg nononEr Y ForvnEFRE 45 St AES pﬁ%’&é‘ﬁ&y oSSt %F‘E‘ag 1n&nHi Aokt &t -

pi peq'l di ne E¥MpidiendhandexNGE AR Hd 2By s pehewry ool Jeeidra i shakildslegsant) A
PCT appl i casuftigr Emberaatifdeakbnif\ppdt cdt poobNos .PCYH 2195/, 0¢8d8on descr i bes
an i nher entiyosjaaliicl bzt poleyansaeh GeNt 8bhi dhmil e, eeGipeinohbo@eds, one

di am ne gonpound Hayh b %lﬂflha%b’o@égsriﬁ gr PP e&%mf;lé\""%)n thatpépacts with a

carboxy end Q{H}%Qo‘ﬂf F{,? ol gggb%ga({g% E§E| élsgggapée\éggﬁ Eégeﬁ%l thus

d th
Gab. 217 beferbapsh ?ﬁ@%%seqrdeé’eﬁnwsow aaedx

stability o¥lﬁﬂﬂ§f§ﬁFH@n%ﬂ(?nﬁya@ﬁ% %&gﬁlfgp@pﬁ(ﬂqu1pment maintenance costs.
2,2, 6, 6-t et Fandtehypbpeperhialiremdval (' THPber depcsitecosrdursesi envigfonmes -
TMP- cont @b Nt4gL yBahyasi e i @fifDuédte. mal bthér PioCetneersuah akrospher e of
wat er vaporexdnif AUtHET Sr ddtalelt t Hitaut¥Rot ERE IS, 1Wht PikdYes GREROXYPpeand groups
of the p0|yégﬂ (%xes in a dye bath, the excess copper complexes that are in
the bath also produce environmentally-undesirable effluent.

45 Commonly owned United States Serial No. 08/804,312 relates to a
process for preparing photochemically-stable, dyed nylon composi-
tions comprising providing to a dye bath a shaped article of

I
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25 A need, %dggr/g,fsqlg, exists for a nodified polyam de that reduces the need
for copper-based stabilizers and that avoids discoloration, i.e.,

yel | owi ng, after exposure to light and/or heat. Furthernore, it V\DL9|[USEJJGZUUZ
desirable to produce a pol yam de havi %9 an 30 inproved resistance to

yel I owi ng upon exposure to |ight and/ ( ., heat, especially in engineering
pl astics amelivéarsvin-cpprpiagipmpphydrobitichd lyreebmerigednty die Brer ovi de

a nodi fi ed spokygaot da&a teratndvaidinddired b igreatiddne addweirvagi pesand, tia khght and/
35 or heat gydnphfie) @fiagt tRé el g5€IH1d AYERAtHRN drSmbPe I8 zbBeopeed

for copper{paseds ${ A 'aic?rﬁr@Yédéhﬁ%Yam des. 40 Yet another object of the

present invention i1s to pro e an environnental ly-friendly and efficient

process roduci ng a nodified polyanmde that is both |ight and heat

stabl e. ThESmmaptyraned Ppibe Shasedi ferialotior hel M45:2AP Felatifs &R, at here

45 i s provirdedeas nigtthodkdhg netaing iaeli ggitutdod-ahed nElbley sshabied tiabyaan de

with built-golyahddé |dctissiddeanienAonSMuRY psesmetiy A ihNgho redentBr €

pol yam de- fu3r Bt NJe BN QRRN 81 h8e Aed’BLYEBId R BRpBiR and083{ 06D tBe4 S E P

2002 3 Cf"s%“e'ﬂeﬁﬂﬁ%ﬂfﬁé%@%iﬁ aar&ﬁﬁgr%'l ve anount of at |east” one hindered
an

pi peri dine comnmpo an effective anbunt at |east one aliphatic,

di carboxylic acid chain regul ating conpound. 5 In another aspect, the
present i nfeRfTorPRrLiciitient ethterratiopht ApRdicatiomiNoy BEBOER 95410} 349 de
conpri si ng deskbatkboren pohgrent phaitabi bl zdd pollyaneddicutentoipg @er ldaae
radi cal, angheatrlgestorenaiakipdaiongousld GaivaeXYhLi SraGixg ehand Jraggl ating

compouncy yNEngN (i 2eakeash BNg BLAARLLUNRT pRSIAIGRC hadloflandd f0fe At

| east{ one 10 Lphatic, .di carboxylic, acl al n_requl atLng campoun re
chemK cally %&%d%‘grjf%g ERAVBSELEDHS npofg?rserrec U T%%e |5’8h/”gﬁ g]elgg‘# Fﬂg
present in i Bh*%<e-subst anti al | y free from copper conpounds. 15 The

nodi fi ed polyamde with built-in stabilizers nade according ( to the
present i nveneseay achifolgs Dend AndgRtalandlheatls2ébi (1989) wWi¢dmmibesheheise of
ot her stz@iirpzeremenebrashel DIglexaRbE11 GPRIFEo SPdide E16 KPNEHeNakion of at
| east -one aljiphgki £,2 &, GaLBEXWd hyaBi fe LNAINL 4LEYUL BhFAG , COAMP YL ARG, At

| east one *l{a'l%ﬁegf ZrtQ-.neDbﬁ%iégﬁé‘a‘%n%ggp%‘fdam%te QP%V-II cLhare 43 zﬁﬁﬂc‘?' ecul ar
wei ght regul ator in e ;r)lol yherizatro xE?’rocess, ut” ar'so endows “t he

resul ti ng pRFANFYUA WISREPEGHEE dRdSheBtPItralbifi RYhofTe CHBUR fTRAF SYPyani de
of the pres&RCLEnYEH ithe garkoxith eaflsgtwns P4 the radvepideage of

ul travi o2®t exposure. 25 The above and ot her objects, effects, features)
and advant agesedf therdFopeeNéxidteclibl 0 nidilibeCHIR REE apPRnRducksom t he
fol | owing defeaibed £5SCobBErAha Lhan DI Sfeakr ea adLyBDas dieleata-

parti cul arly hen i ewed, Ll conl ekl of WA Lhe, agcompanyl el SQ.gures.
FIG 1is rég'll'l straln‘tahe Berc%nsi strengjtgh re a?ne qr

sol uti on-d?&%"&‘? Pnst affodr deRpodiirda ﬁ?a“%é’é?ﬂé?%r%t%l?’a@’fl?l Vi®gi 815 graph
i 11 ustrald AgprREey TeotagCcef thaeAaying ANeas exPe | e kPosight jandgor

weal her onetheat , Tespraimily an enuisest amylipmigsofics hepgiriicaciphes of the present
i nvention, descriptions of specific enbodinments of the invention 40 foll ow,

and speci fig hangyags det Hgethd Qrd8ekt | MR dniSoRa® prick 1Mkl d MrMeLLhel ess be

under st ood | ..t at ] .z e i 1:S.40.N ed by
the use %°E§ém§%%cﬂ.h¥%tc b0l 2 o0TaPEPRE Iy hPplinio, B8 1l heRy
equi val ett £F &f@“further applications of the principles of the invention

di scussed are con 45 tenplated as would normally occur to one of ordinary

skill in thaoghertapiguitchit bize ipnesenht oinyrarttiannss to 2068¢€621D n@ed BHP 2002
copper-based stabilizers in polyamides.

40 Yet another object of the present invention is to provide an en-
vironmentally-friendly and efficient process of producing a
modified polyamide that is both light and heat stable.

Thus, according to one embodiment of the present invention, there
45 is provided a method of making a light and thermally stable poly-

amide with built-in stabilizers. The method comprises subjecting

one or more polyamide-forming monomers to a polymerization pro-



4" As used gggg/Pszgge term "pol yam de" denotes honopol ymers, copol yners,
bl ends, grafts of those |ong chain pol ymers having recurring am de
groups (- CONH-) as an integral part of the main polymer chain. Th84eSBPaRi]
chain polyam des are generally re5 ferred to as "nylons." As used herel n
Wi th respect to the pol yam de of t hi s3i nvention, the term"built-in" means
that the coap®nignhttdhet Anesengtdef @heefpfcﬂq}aﬁed@nqqr@hpfaﬂ@ Iragt spahin-are
cheni cal | ydboed ad gerriihee IébnpaakBomed @ol ghtectcha amofint et pehygandke r at her

than nerel %1 phivsd i3 kY casidxad cwatia tdha i ROLYAN A8 ngl Bofpttun@nbodi ment, t he
present invention is a nodified pol yam de substanti all y free of copper

conmpound onprisin ck e mer . chai.n, t one, hi_ndered

pi peri di %eg g%? %? lgﬁﬁae%'f t@f Pgﬁﬁee“tall SRAFTE® g géfﬁ%&%s it€ acttthain
regul at i ng2BBnERRITE LikeF Bl Bel¥am}de SOMBRES Hit dePREKRATR PPAVRET r adi cal

and t he at chaimsit aindeabt pirg indnddredrieeylidtneaciadichdi narde gl deasy wenpound
are chem caliyhdintdeditarbdarliackbdde-Haahy feFuldtdng. cditwundgvhe2éimnd
thermal l'y shable msxaahéqu%etrae Bf a&nbnyaealtdaqnaﬁaytw at DYAON dhe Nyl on

6/6, nylhq Orégl?a@’ Q8 %k? y OECP hoPe m@y n%nent% al '0” 1L,

"2opht hal aRPERICHY Esflé%%a%%ﬁew ge?@aﬁ%ﬁaﬁg S ppaberk 'fﬁet he

| i ght and therpzgdeptsiapertion 36| yabs tdataplinikraenfcan | eapnes nyl on 6, nylon
6/ 6, nyl oncémpouxydsan 6/ 12, and nylon 4/6. Mst preferably, the |light and
thermal |y stabl e pol yam de of the present invention is nylon 6. Any

sui tabl Qsp%hx%&efle%rsbg,%mow&m BB t0€n USEH, 1hQ 260K ”Rédée adlota gy and

therpal l'y | e pDo £se exarrpl es

Jd%vef-ntlon J.eve%t ?Bgé{eﬂt éx%nangbfpeat sgzagglg

of such sw are

di car boxyl &tl&%‘l’%lsthecélﬁFo‘P%cct%‘?anﬁmerﬁnﬂl%ﬁﬁv n5e¥ cﬁi‘?%ﬁ@r eDtEPSh
preferred éabbeli MR combiprtinneoénat i IRASHt Pom,2liipdapdfy MHicdsbPEY g
nononer s ameidochpuisedeghl 85irgapropanidmndoabnzast the niolderedi zat i on

pr ocess 2y pwpeehaidie cpapya@id dRtobnlPEFRCRIBAE dd1\veRblefulat fwa&aﬁd i+

2;:‘;;[ 2b| %’gggélibleqcrfr):&egﬁ&ﬂfr&gﬂgawo&‘Et}‘eé%?%Or\ﬁlt Q‘iQSeéécfoﬁnss%ﬁ tﬁésulf 0: he
entirety oft er &t n i nghF %rrmg?’e&tb L}I%e hté’ncTheeIB‘(Océﬁfle%i

pol yner i zaﬂ“bﬁeocff t'ﬂ’@ BFreseth Hnﬁﬁéﬁ’t‘?‘brﬁiqe§ Rk (diEgodar it t:thf‘?eeﬁi’é%ence of
an ef f ecti v&agamrihtulsravhelelr exppeure nder ed pi peri di ne conpounds and an

ef fecti ®® anount of one or nore aliphatic, dicarboxylic acid chain re 45
gul ati ng CeRROMSISe ahd EtR&EidbdecasPusttedtsat fdRaglespnandidadanedged s i di ne
conpound i %h@“p@é%ﬂ?:t 1RVEAE Cre R 1 N GUHRY RBEE AUbplirklt t AP RB ek oIS £

al i phati c, n /062 2002 5
conpounds to ené?r%t ﬁedg%st&]pt%g% oge&ng%ep%r%dtz%gg 9 e]h%s tﬁ E‘Fa%l
SR L N O U CTN At AR A |
conpound® PY¥Te$H: t he range of about 0,030 to about 0 800, and nore
preflerably about 0.060 to about 0.400, nole 5 percent based on the weight
of the pol yagi de-f<0aMyREpRNDNARRE $a tifefl.thANpef deat! isteendiiitetaindd fgast one

al i phati c, odi gef HxfleaCyaehd a%f&%kneiﬁﬂwr%t E A% GRARANNGh 2N anmount
sufficient in conmbination with the one or nore h| ndered pi peridine

conpoun render the resultant pol ermal |y stable.
P of or 330 FEFy 2 ke P FRRE | Wd RGBT f S nE A IGF bt PP nRL R aies

di car boxy| PELERAPOSEGEI Bt i nFeAERPOMRIST's in the range of about 0.001 to
about 0.800, and nore preferably about 0.050 to about 0.500, nole percent
based on t e pedgitde ab thdepolapdihg e ahei pgimmipdesr sf used préseft Tim-nake
the pol yam,dgt odn ! Qfes@i:?ﬁ@fgnd '&‘feE'iI &t Eﬁbé&h@néﬁrts@f %HE @H%ﬁ@hé}{“ ne
conmpoun % g1 die o ssgﬁf@{ﬁe 13 !l;u? é‘é f‘s digard ‘%{&é %ﬁb@ QaL". f egul ating
conmpoun s ar add €S gers or ferEI‘I zin
Feaction nikLhrREVEREHELEhd% HBASBS IO A L2 b PoASthE. S6HRbunds,
t he one or ofptke dnvsnsice idilagaendsd e thei weiedi fhisginenifdg tarfAdeds,
and the pokpdnikief @lrengtimronmcdi figetienadderhisepanss elandofuasher mpct ur e
to a react pricdt WHsCBEPOhY IPRinzablon drS cabf Bptartioddalfruddeadat&tcon-

pi peri diggecg a4SGGuild dRRaPiESRMur BYESHd ¥F bSalRPheSRALediPYeHhe

formula: HERS 30,8 HLS M/SheRon RedlatnEe



35 wher ei m 643 foePLoses an am ne- or amde-formng functional group, R2 is
an alkyl, and R3 is selected fromthe group consisting of hydrogen, § C%
al kyl groups, and -OR4 where R4 is selected fromthe group consi stl% bt 1001
hydrogen, methyl, and Cl-C~ alkyl gropps. 40 Rl is preferably selected from
t he group consisting of -NHRS where i s hydrogen or a Cl-Ce al kyl)

car boxyl , 2BrSGdyPRECHRI Fhgetpimtindyanigep) REhQWRACAYREFS, an i nt eger
of from1 tapcliymetrs6, b14rdd2) w8 0¥t afiter efythaseariongt elgeim eblimens ha-o about
6) and - (Gﬁ)g/@@@uramgi Aaidevatbvss (Fee-Rinderednpipesddilnpaconpoind used
45 in the py ghay%mﬁn rfe DL SfRIABLY 1 AT ARTROaRS! 263l o¥hBEPEIY re-
2063/ 062&9 O qﬁ% g ing or a pol yal kyl pi'peri di ne aci a. NonI imting
exanpl es o)F SUth Ri ﬁﬁerr@' p| perl di ne conpounds i ncl ude:

4-am no-2, 2,6, 6-tetranet hyl pi peridine; 5

4- (ami noal kSIIl)SEE, hegein tvéttﬂlaﬁesmtpi%ﬁhdip@kyamide of this invention,

4- (am noar yhe -tara 6bbHiletirdmekhyd pihear tdeneomponents that render the

4- (am noar yb1ynki\e) 12g12s Garer hebt il RirReEndiiR@11y bonded to the

g ?;_nmn(rjloal ﬁ;@é‘;‘eﬂg% ii%%ﬁgeﬁiwﬁeg Iatlt“l:(L'-,‘de f@ther than merely physi-

3-(am noar =di ne;

3-(am noaryl/al kyl)-2,2,6,6-tetranet hyI pi peri di ne;

2,2.6, 6-telnaons Ieytbod,nperpter itheneresdndx ihiventigirdis a modified polyamide

2,2, 6, 6-t estiipaminitiibidy pf ey odi s6pbdey lcompboxdd icompeliding a backbone po-

g g 6, glgei Eﬂﬁkn4 5%‘%%@5%‘Qﬁﬁuﬁdda%Eggxﬂiﬁé?faih? rd®ical, and at

2 2.6l §ram°%ﬁ1 g d%iﬁé%% 13V RER RN Eediidbing conpouns
2.2,6, 6-t e32 i PasitaP PRE I Pka ?F’@lé‘& gadical and the at
2,2,6, 6- te%?%ﬁbﬂﬁ?l aéllf}?apfércn dfih‘é%efkgﬂ’%’&rlSo%}N &%Pdrec&ﬁétlm compound
2,2,6, 6-t etramitemilcally-mnged de nde foplckbeyé aanllyory| ¢laigci dhe2Didkite

hi nder ed0aahd et ROMAOUACs tebl ebeohyamiddelioE ohe Hrwdenediprgrriotdl ney aepounds
as wel.l . Myygoreef @ @@Jx%/é he bbﬁld@/seclnpwﬁreﬂﬂmen‘}%@%dnyioﬁ 6/12,

conpound |s ai n

er.l
ooulat | ngSXEGnHRLY BISUR BNV IS dropbiha P ea nl AbLe el
di car boxyl ilen%lcqetﬁpaﬁhaweﬁat Poekenahdveorhe Nawhti and i HigT@Rahp| €2bd® such
al i phat 25, pol yawilsiex pki thixciidyenhtd0 dsudglohes f olyllow 606, mallioo &Ti diy-mal oni c

aci d; net hybﬂimd,qrzi Caf€iflylomd 4¢6 hnided @rie€etsd X, Rukyligiwnrind ekéshally

di met hyl magenh e %'19am§&le§(afmtﬁegﬁébed@t19¥é§% Q'scnﬁﬁérﬂ 6.40
2, 2-di net hyI sucm nic acid met hyl succi nic acid

2ethy| Isu I nic acua glutarlc aci d; 22% %%/|%|¥tal’l(i_xaCId 45
2. 3-di met h§’7? Ple BT Trems S BoTATIR, GRS &iocPa: U
2063/ 06399147 SE'F‘ shermai ly. gEephis RALYPRide| of t&fepa?%e%ul&"e{a%@} ic acid;
SebQCIC acNeplimiting examples of such suitable polyamide-forming monomers

are diamine compounds, dicarboxylic acids, caprolactam monomers,

and combinations thereof. In a preferred embodiment of the pre-

sent invention, the polyamide-forming monomers are composed of

35 caprolactam monomers.

2,2, 6, 6- teag;f@rl Wsp' gp uge Yooy preber ablaacihe Bhadanes, pLperd i ne

The polymerization process by which the polyamide of the present
invention is formed is preferably carried out according to con-
.ventional processes such as, for example, those described in U.S.
40 Patent No. 5,149,758 to Matthies, the entirety of which is herein
incorporated by reference, except that the polymerization of the
present invention is carried out in the presence of an effective
amount of one or more hindered piperidine compounds and an effec-
tive amount of one or more aliphatic, dicarboxylic acid chain re-
45 gulating compounds. An effective amount of at least one hindered
piperidine compound is an amount sufficient in combination with
the one or more aliphatic, dicarboxylic acid chain regulating



S decanedi Ggy, 41@ acid; and dodecanedi oic acid. The aliphatic,
di carboxylic acid chain regulatlng conmpound used in the present inventjon
may be the sane or different froma 10 dicarboxylic acid that is us 4 &8 1901
pol yan de-form ng conpound. The aliphgtic, dicarboxylic acid chain

regul ati ng conpound is preferably sel ted fromthe group consisting of
C4-d p al k&earaheds boxyengdescikies rogul artnalypmade piighicpad thaamaldvaci d,
sebaci ¢ acistaband Bestrratilyar tox \dfifecatvel.andunt pf efler abkyor trherel hin-

al i phatic, gqirear poyetidinaCiemehaids Heguh aiHd1Gaa08 ek IRbous aIT Coagbd. O
course, varafu(tuw@@ %:ﬁ’hbké'ﬂﬂeﬁ%ﬁév%t@b Beoueedabbntt@%mdtntued

pol yam d res yent1.0n and

P e in
wi t hout egl rﬁetrgte%nbaﬁj{;rof‘cgﬂ?s eighd 8 t'f g F: 3 lde af(r%’trf%z)%?cf" rl},’n ®8ntistatic
agents, et 1SefheApr kARt iVAy @AY Ofr BEIUJC%%S%O%&HP@G%& y%-‘rﬁad?WHétcl s

st abil i zed daidincHegn acdmilenihy dampeundnis gatmanot thftf igbest nigt cgmb25

scol or, i.eaatipal WOrh HhHOBnexPPdre hondépdd papdtDdideabmpdinds tthe rpresent

i nvent i On ddr 'tﬁenPésﬂ%?ﬁsﬁf)YyénﬂdéSQ1%@%(nd5ttﬁght\élzl%f $taHEd, asrerkeh -
exampl e, CARer GORHILS. A5 AL veRe aldhougl ot ig h§t§9' 4 s be

pr esent rs afe prée
Pt osent || n WGIET FEAHR [SPRIAE S SSBRORBEAS LPTRRS AAAEn At | P o4

stabili zi ng"—Qa@@Ptva%sgq%dGPd mees nEghirpaRhe Apenft @en%ﬁtbé%é%‘t"st é’néoo

el i m nat es nxdrerpekcetf [nasetisoprdducedght ¢heheepolvdnicie-§oahing zer
deposits. Thdrleesenéed.nvention al so produces a nodified pol yam de having
35 increpsed spl nni ng effici ency Spl nning efficiency is increased by at

| east, about e ent Suc ease Ln spi.nning. efficie Iates
o (hundr €3 TBKS, Fitatyarg e (O |2 Brafod M0sR e e Rld 1{ B

costs. Wi |lnPsEed; %Wrrtf‘g CPB‘pB‘én‘B%Lﬁ‘i’d1 B59e aPRe FeBPye "‘tltlpt"gtt’:ﬁr r

bel i eved t hrayliltearihd radwdadrepilatiimg gompdynds aneyaqdedtosthe grharandf act
that the nmosbrfomedspot yanittie pblyrieeriprhegentadtnvaenhixtuteas Tausartmvene

ol ecul ago Wt @ldtredhShddrdtid p@Pet Nd@iheaeeinpSumtd ,dthaNéhd@PhePE Caliphatic,

aci d- r egul a&fcdareek%m desig Eﬁsupqléen%tlﬂéva&%oanael Ara/ en¥l SRt U0 2.7,

t he nol ecul ar melg di st rihut pol d th resent
in 45 vention 1soab n? T %5t 0 ﬂ’ Cﬂ{ed sgBara e&yt he Fol e(;:‘qﬁ glrlgéveticg% ve

2063/ 06219 IFPISEP Werh §°dP’§“FFHﬁFt’1°6‘n16fefafc"’é’ttleé aci d- and propionic
aci d-regul ated polyam des is about 1.90 to about 2. A0. The present
i nvent i o®5 i Bhd Wihberediripeirédite aumpoahdsugprddncelle priasentt hevdrtdlonh aad
thermal | y stafilcgcpobd aij ddeOfotmergar esent in vention and to nethods of
produci ng such articles. Non-limting exanples of such articles include
fibers, yarns, carpets, engineering plastics such as autonotive parts, and
the like. Fibers nmay be fornmed by subjecting the light and thermally stable
poly 10 am des of the presgntd |1hvent| on to any conventional fiber-formng
process 3Qch as, for exanpl®/ fH% disclosed in U S. Patents Nos. 4,983, 448
to Karageorgiou and 5, 484860 1o Kent et al., the entirety of both of which
are incorporated herein 4y grente. Preferably, the fiber-formng process
i nvol ves rapidly spinni ng the ISRy i ght and thernally stabl e pol yam de at
take-of f speeds of at ( |easty agout 4,000 m m n. Engineering plastics may
be for rre? by subjecting the light and thermally stable pol yam des of the
pr esent fwention to any conventional plastic-form ng process such as, for
exanpl e, tH#er@idcRosoHPrases S0 PALBAT No. 25 da7E0PERgt 5UDELigiedngbeuRt al .
the entiretRe 6f ahizlkyils anddkypdsaseledtmdeifnobythreebgpepcennsiisiéng $Hr ned
fromthe |imghiroged, t@emgaéilyytstgabhespcdrmrxbdesﬂwret Re i eseattéd\faid on may
lrjneat g?/legev“ tﬁdéggﬁﬁﬁt%&fﬁlsé:@iﬁ&soij rb@edP i @Bél 24P cﬁ_UéJ}" afifkglf 8¥%x?§<sa”2: ﬁg
31{;1 id Qré@ecf% flt.ﬁ ?1”%tw n%ém H?e o é %’ﬂ‘tl st? géé \BiR whveg:y

nylon can b

not i ntenddt 115 lb% §994% Phg? 94'&9 y d §a reBPEROXY 6 ﬁﬁ’e al

about 20 t %t HéCHRixJNE) B whiEe g¥ ticlads ltltaemr @fefropriodesabagt 0

chemi cal s af E€HatlgdeabH wbeuneing sa achehegary odgéntm t1o tpr evewtt &,hendeposition
or conpl EXiﬂ@F@demJ}ﬁbch@%eﬂﬁaha{rd Ve hinde i@ Jigeel dige agapbund@niged n

the caseyof £ i AveEx 13 gebfle ahOarti %1 L oVeF dibedyebat h
pH. The dyeg?ﬁ%t Fséggggdq gngﬁ%hg d%e%gth p%rls gg%ustedb TheE£%|StI0n i's
heated to the desired 35 tenperature of typically about from 95C to about
110C at a rate of from about 0.5C to about 3.0C per mnute and is held at
that tenperature for about 30 minutes to about 60 m nutes. The dyebath is
cooled or enptied, and the articles are thoroughly rinsed with fresh water.
The dyed articles are dried in a tunble drier or an 40 oven such as a
Tenter oven. Alternatively, fibers made fromthe light and thermally stable
polyantdes of the present |nvent|on may be solutlon dyed before bei ng




45 nylon cgpeBgoenrboyed. The follow ng general conditions are exenplary
and not intended to be limting. The pol yam de of the present invention is
nmelted and colored with a colorant sel ected 2063/ 06219 0 4 SEP 20858 2001
fromthe group consisting of pignents, dyes, any col ored conpound with
properties between pi grrents and dyes, "and conbi nati ons thereof. The col ored
pol yan de finewh aspa vahRoLiiDesiding dcitr Yorbigwitdnagexaynmlesy ofit Furtal

nmet hods subbndéesred pripexadihe combosrdd idicdolesed in U S. Patent No.
4,983,448 to Karageorgiou, U S. Patent No. 5,487,860 to Kent et al., and

U.S. Patent Noy_ é‘mﬂ?&.zglﬂet g)_%agﬂgt 59_51 d@ggrl ng plastics, polyner
hi t I t d
R Rl R & ﬁtﬁlflﬁp%pﬁ‘” &6 bei ng char ged

HHGr e bei ng charged
into 10 the exfr &%f@rnqa§yé)p%y%1§:aﬁ tﬁltiam?l‘%hylé’lﬁéﬁd*ﬁ%« The invention will
be further desérideihdaryviéhtkehce 206t hetdutadmenhnip dwirdidied: exanpl es. The
exanpl es are setahiid-4z,ysweytefranetuglppbdrdi@iang are not intended to limt
the scope of tbe<mrﬂo%m9mn9nz drs-rteer&e@mh%&perﬁ%e refers to adipic

aci d, "RRA" re er LQn to terephthalic aci d,
and ' TAI_l)'p refecrs (ém b2 ﬁc6 g trgrxg@g EITf%lrrlledl ne. IoAI So as used in
SRt TeRRRY ForRe

t he exanpl es) §hé I?Jcﬂqatﬁ?ﬁ 2 %Ye],rz) T4PENGef i ned as
follows: 20 V‘é?g?ltsﬂF%TR?éﬁﬁmeWﬁéleﬁ?rb%?WégéYHC ®Fad; conponent in the
charge. 25 Rel at2ve 6fitstasineyh¥IR-pibheidslelkydcarspodiityacioiypar es t he
viscosity of a2sp| &Ié%t@ﬁmﬁﬂlﬁm plipef OdiHea rgtdrivbtylilchecvd scosity of the

formc agid itgebfg (GQ*S&WerZ 8 pkesdi dRa bl paf rTb%Qy!U% Gldiguwere
S i fﬂ&g%ﬁ%vm- Sl it cae o0 s
di ssol vi ng abodt ed'fra{“ﬁE ’PéPth Y 6a T:)’rﬂs'nol met hanol

m xture (68: 32)2 Zm%—%lramr—élm@-ﬂlppa%w%rwﬁcamyleczec%rrqu HC1 at
about 25C by aZ2pdt @erfi-tetehnechyiethddpipberdineal kel ndpaarbokgl deteidi ned by
a steep2potential increase. 40 The carboxy end group content is determ ned

by di ssol virig R0Qilred- §Hlﬂecgoﬂbgﬁn30$ Aee hnmfﬁ@ige‘gg ﬁfhdéyéda m xture of
benzyl al (r:rﬁoﬁgr%]hnje %ngaQn%% %Isutl ?PBG% t| t ra ab\L\@ Octﬁ cpljt Oé nor mal

t-buty

tenti orret r PtPREL CREBPERA ltshé‘ én%lp%l%tteﬁa%l]e}i%rpﬁéﬂg a ypggppre
potential ERERRESe. the hipde6h PIPEr 4digEP copDOUND) iEx foamino-Padt 6. Thte- t est

i s desi @dedrameshyipipeeidite enme environnental conditions encountered inside
a vehicle due to sunlight, heat, and hu 5 mdity for the purpose of

predicti ngshheawfé RBTRNE & Of a AU BB AN Bl n%sg'@sre 1Y ewegferseﬁltsmms test
T oo A R S ) Owlagrgé,@%deuci‘dgc%ny comzma%ﬁoarfshtﬁaw%& 11888
v U g E g LR KL S
terior '?tol %n‘ﬁ%éﬁtléo\‘ﬁéﬁﬁg a Controlled Irradl ance Wt er - Cool ed Xenon- Arc
Appgr at us.

malic acid;
malonic acid;
methylmalonic acid;

35 ethylmalonic acid;
butylmalonic acid;
dimethylmalonic acid,
succinic acid;
methylsuccinic acid;

40 2,2~-dimethylsuccinic acid;
2,3-dimethylsuccinic acid;
2-ethyl-2-methylsuccinic acid;
glutaric acid;
2,2-dimethylglutaric acid;

45 2,3-dimethylglutaric acid;
2,4-dimethylglutaric acid;
adipic acid;



Strength Rejggy ¥n19l5 This test is designed to determne the strength
retentr on of the ( control s and the experinental sanples. The te

"strength reten tion" refers to the change in tenacity of the rraterl]laBE%Z:DUb
result of exposure of the material to _funl ight or an artificial |ight
source. The tenacity is a neasure of fiber strength. This 20 test is
performed in accoeganéadivith achd: AATCC Test Method 16-1993, Col vrfast ness
to Light, OpticediaidateidCool ed Xenon-Arc Lanp, Continuous Light). The
materials are exxeied £8142125 kJ of exposure, and the tenacity of each
material is meagly. a%g cbef P4 € exposure and after each 425 kJ increnent of
exposure. _Percent str retention is determned as follows: Tenacity
after expdsure &%ﬁglﬁﬁé%ﬂt “h8FtFe Bposure 30 EXAMPLE 1 (Conparative) (
r Pol yreri zat i c¥Pdsicappdi qip-aRddul at ed Nyl on 6 A mixture of 75 kg of
caprolactam 1800 g of water, 135 g (0.18 35 wei ght percent) propionic
acid, and Ifine 21§ph8tid, \&ﬁicglﬁboﬁjé’.[fzﬁlabid chain regulating compound used

4-am no- 2, 2; 6,8 pLLaoRL h)ﬁkr%hﬁ%ﬁ q\ld}ﬁbbstﬁ@agagt%dokn&ﬁf%rgﬁg FHdra

autoclav he m xt rers In _one_hour, h ressure
i ncreases tglc@(fbox EE J‘%ﬁ %\h’ ed gf*r 7d°°qgalt"héle fox?nmg éct”%’ég’ nd si for
30 mi nut es, brehé‘lﬁPB% tfe q1§a§p CréFé&s%‘ba”&t eFplatiy EPQP%u%e‘S

pol yrer i zatﬁ”tﬁfeltahéysy%lt%ﬁrﬁelds fBPlac‘é‘di grewp eengietiung oif FooCmaitlaner 75

m nut es. Théigolbpxeilicsaditen patticdddripdedim cpesifli vaxzaliaticogeid prsebsur e
and cut inteichifa, dhe ddvapsdacervmsned aeid Mokt WieleraB0E) iyl dried in
a tunbl e;gr yeipnathe, r&l@éfb‘é@c&(‘iké%’&é %haﬁﬁ%g%%a%lﬁ& colipBurfl 1O LHiQHR

content meast 45 res and the carboxylic end group content
nmeasures 45 rre%/ kg. 2063/ 06219 0 4 SEP 2002 ' 11 EXAMPLE 2 Pol yneri zation
of ADA/ TAD- Regul ated Nylon 6 5 A m xture of 75 kg of caprolactam 1800 g of
wat er, 240 @f (@u@Bevevghtoyseneensjaridiiping sadd tizng mawy b gsed. s thei ght
percent) 4-med irfd-ed, Bobydmitdst vdnebd\dr@spet i thventienc eltegped innloda, Fod-1iter
autocl aveo dkngliexhHfewi thdi@at edi ¢4 idA0CLibr i3 tBQ Wiuc Maith 8gt fertisgSsur e

i ncreases t9,6Q,A%hnt 3104, 00:HY) ¢ ﬂgne_r hglding the mi x 10 ture at 60 psi

for 30 mnutes, the pressure is slowy rel eased. To accelerate the

pol ymerization, the systemis placed under g, vacuum of 500 Hg for 45
m nut es. Threh?)élrﬁ?ﬁf‘tl LNY§TE OBx PR Su AR I 166 PR AR IHe rtngnlﬁarSé:ésur e

and cut i ntleikirigss fronedegriasiatire Riadiglitwand hlﬁétt ard drhatodeops amt ddied in
a tunbl e28r yeslorThe. &5, redldiowy eupors Gxpobyraeds light 2aid/.orTheatmwiahgr oup
content neagkd grRgedf IMEHKIonaNgt te nodr heXHdasyetd e RhESNE ©IHi1FBASUr €S
TAD. Regul at 55 Ny %h"’%“%ae%f‘?% SPPer e e el e 2

hou4¥y 3 f§ %}ggl 1Zﬁ{s resei{ % é %p ?k é% gﬁuced

wei ght wat er pr pi onPc aclid s, ContiT ntjqusl i ntr

into 25 thes'facﬁjlld'fzeéspﬁt‘i/rﬁﬁsfaﬁ orrt‘eryeéﬁﬁo?reﬁﬂlré pRI AR 2GR

used i s A0s¢ed AmMeEstst e WipbharArmaolonRsh fEgbipipty aﬁéﬂ-éht'eﬁ\ldfedu'

4, 354,:020, o#s clguipmentongportanedcderositls byd redfiedeaces HErefoil xelflnengs
conti nuousl yrédideaddtifethd MetotrAE ¢OBrabil heeVidepobue®. i nto reacti on zone |
at a tenperature of about 265C and at a rate 30 of about 30-40 kg/h with

Stirring. The YiCGalyy, wilch bas, 3.68080L L 5l E 1 dciGAab nged by

heat exch ridine
is conti ﬁgog‘%‘ﬁfasgﬁﬁplsﬂe?f”fnﬂo 51§’e$§ryat épetfr’é’g ef 1‘f’rFé“°ryeé§t ?“E)%r at a
rate so thaeytdteleaps @as RePgherritceftchiingrgasaoln, szlenenqafrfamet hyI 35
pi peri di ne ¢iertdye tmanslatesatinadlhindresls Jhethmeabndé @bldoldrrgatn aredu-

gener at ed ifed Wnhgl FEAHIRUTrIARSoItS . RADME oY waPiPtioabe K¥aQld Bg W th

i nternal heat, exchapge!s 1sT*?:%r§:§£'Pﬁf yEevai thide kﬂéhﬂ&%@&é&r‘s&%%nbs
22?3%ﬂ22n E§¥%fé%%§?£ééﬁié% f¥ thé% % EEuék({ %Be mod%%% %QBE9ya$IH%

the present invention has a narrower molecular weight distribu-
tion than acetic acid- and propionic acid-regulated polyamides.
For polymers having a relative viscosity of 2.7, the molecular
weight distribution of the modified polyamide of the present in-
45 vention is about 1.65 to about 1.80, and the molecular weight



40 into chiyyss _('U@lc_zhl ps are washed with hot water (90C) and dried in a
tunbl e dryer. The relative viscosity neasures 2.68. Both the am no ﬂroup
content and the carboxylic end group content neasure 44 neq/ kg. 45 4 SEP 2002
2063/ 06219 0 4 SEP 2002 12 EXAMPLE 4 Polyrrerl zation of ADA/ 0. 15%

TAD- Regul ated Nylon 6 5 Caprolactami olymerized in the sane VK colum as
i n Exanpl e & stgbupiam ofhacakii acdA- oﬁin‘g moepienghtagid-eegul aerdirelici d, 0.5
wei ght per ceritienai £raboatd109d onveibght ped®.ent

4-am no- 2, 2, 6, 6-tetranet hyl pi peridine. The dried product has a relative

viscosity OtheZ £3sed! 1%%991&00k£rf‘3991é§9r51%%t9& 43 dRGCkOs A Red0

AR W e i T S 7

VK col um d’§"ltﬁ°Ex%‘?‘Fblté’ §et’b‘2ﬂs Wkt HrPﬂ%C’afthlsPFBna’b‘?lcée?Q b\ié‘i’glﬁtmlﬁéf’ﬁent
adi pi ¢ aci cexappiepedilsuchepreinlagtiorluded ibess., viednyist, garpetrs, engi-
4- am no- 2, hderGntepYaamicBybptipedd dGunemotdhe ghared, prrotiubie bhhlse a Fidkaki ve

vi sg05| Ly # Lerc?Qnecﬁlayaghm&ldxggmgplfg@m &Rg Q{ex%l G4 &h1 2B 91%
car box r A
Pol ynJ.iz%ﬁ%{ol‘ée%f 8#&%%95%%% &f?%k% ﬁ?’%f% TCPUE Kok
pol yneri zed®337 Phe® @ sykE BBIW" do%e ltnn aﬁdl ‘?tcﬁ?t(?f NS 30
wei ght per cerf83t 442t KarreeaEdipu @ng Qe‘%%%tBGBeF@e‘Fﬁntvﬁtteﬂl arfde0ers- wei ght
percent 4- ameaty- 2f Zy@6-cfewBOcH rearee tihgbrppertiedi hereifhéydretergraedudtrehad a
rel ative vVifsa@dilly tie Zib68r-Bdrmifign@rosdsgrianpleenteidol, dpinmackgheand a
Egr boxly%s:Fﬁ@dmgaﬁaptw&%l @29 Slaid rﬁ%ﬂ§g{91de$>§%NE£)Eejo£3!5$§Qé@£"Jfgan |1<1)ﬁ56
ni
%XVEEQB 1§9 (6 mmﬁg ﬁan@@$ﬂ% %lﬁ?pf‘é Q{a(}sﬁﬁo f{ﬂll\et%b%y

ol r from
byl on 6 avaidBIsees ’P‘Fo‘?ﬂee SR BT ETBRL O 1A 05, oF | heL PP dod at

260C- 265C. <P 1graytidt & é@ﬁc@ﬂvﬁaﬂ:éom&ﬁa\ﬁﬁt%ﬁ %prgr@sepramtsuéh nyl on
chip is added tfort &garggiennichgt ndicttiloeet hirouhls.voateret Noc b edTierss3 The

extrudedzf inasEabs éf &21CQokrd &yl vseli 8f fwBdnbY s ai sdd@Fa0bd QuaiGRA Byr at
15C. 45 Aftglrdgeapplication of spin finish, the yarns are drawn at a
2063/ 06219

Fibers formed from the light and thermally stable polyamides of
the present invention may be dved with conventional dyes used to
25 dye nylons such as, for example, metalized and non-metalized acid
dyes. Usual dyebath conditions for dyeing nylon can be employed.
The following general conditions are exemplary and not intended
to be limiting. A dyebath is prepared at a volume equal to about
20 times the weight of the articles to be dyed. Processing
30 chemicals are added including a chelating agent to prevent the
(! deposition or complexing of metal ions in hard water, a dye leve-
ling agent, and, in the case of metalized acid dyes, an acid
donor to slowly lower the dyebath pH. The dyestuff is added, and
the dyebath pH is adjusted. The solution is heated to the desired
35 temperature of typically about from 95°C to about 110°C at a rate
of from about 0.5°C to about 3.0°C per minute and is held at that
temperature for about 30 minutes to about 60 minutes. The dyebath
is cooled or emptied, and the articles are thoroughly rinsed with
fresh water. The dyed articles are dried in a tumble drier or an
40 oven such as a Tenter oven.

Alternatively, fibers made from the light and thermally stable
polyamides of the present invention may be solution~-dyed before
being formed into articles. Usual conditions for solution-dyeing
45 nylon can be employed. The following general conditions are exem-
plary and not intended to be limiting. The polyamide of the pre-
sent invention is melted and colored with a colorant selected



0 4 SEP 20@d6B¥ o029 ratio of 3.3 and are textured in a texture jet at
215C. The yarns are taken up at a draw roll speed of about 2350 mnﬁ?'SEP 2001
EXAMPLE 8 5 Strength Retention after Utraviol et Exposure Opal gray

sol ution-dyed yarns from Exanple 7 arg exposed in an Atlas Ci 65

Weat her-Oneter for 2125 kJ ego,sure in increments of 10 425 kJ under (ﬁhe
condi ti ons EEPBCFRE SFWP CABSIGFAES PESPIIREHSA F¥29083Y BRI BrhSLRRRUNY o

Li ght, Opt waShEPrapRritdeschgtvedt pdgpants ande dyas nnids cABRLRAR EiPnsetbee
exposur e anéodf t tiie eadlorédSp&llyamicieetenthef spxposnice fibhes par dabtrist rengt h
ret elnti on RldcBraea¢ ntd %}f@)hegﬁﬂiqrﬁl RXERSAE &uch 8HOWbY @x&hﬁef—-th}@@seh
results i ghif iaca hQAVe i gl r e

TAD- cont ?%ﬁ%ﬁ$§%§gl§£@r§s ggtér{?%ﬁ?vﬁi? ',5%8 gﬁﬁ%e%égwﬁ%fopg rci al
nyl on 6 | oSttt 9513 engt’ argﬁéfﬁncale y2dur iaﬁé/ h 'eﬂoéggr e " WHi”| é%

TAD- cont ai fin§PROFYNEIE FREANARIF MoPL2E WG 8Bl e (RLPS T @ iytedali B 2125
k) of exposiplered(cEomvRdE sudke|dsowfny eampilgguesangnte\VrsARlvepsbefese

Met hod 25 Raolapgengfingo Exasptesddd-.6 Thasmiselng asfensmbiayathamge iGto

(U tram gh Braylbeeraavald abbsydiam RASF (& ponatt gin,of Munt dive, NJ), is
melted in an injection noldi ng machi ne at about 265C. The nolten polyner is

injected into a nold to e 11 X 110mm x pl agues. These pl.agues are
Lhenccut | MG SREPREIOD M S0P G0 R e TGOS RY BATERE8 i B GRS
The pl aques-oaiiedt fetribgso seamp iesn Thel 83165 RERoIRALOr PR hetaehefer ~ far
1, 000 hour si}1is4t8tkd) and 200 hourintéddeq Bo ilnwiend scbypet de endnti ons
speci fi e1b ivenithenGMSAhe] dfi8hpT@st “3bahbidruts theaditiiesadipl acpres aee
nmeasyred fofeselboMEstidriRt aDed} ai¥hr " ribere ta heshialcnlRel baadiq,vahye

| ndi cat es a'%ﬂler¥Fé£s°‘é¥osiffRJn o, z%%‘-éé}ﬁ:’aﬁl@‘éﬂ{ﬁé’f eﬁﬁ?ﬁ&!%ﬂ% qg an

Appl i ed Col or S¥LS ens ecgrop @}]eg%eﬁﬁr e res %po T escFe;i exposures are
plotted in ‘H% 3. %ee’%é? FEs OLHBY RN & EBIMERT i &S En§ P %IOS’SI §h®r and
40 the conpigfdbedeasHRIOMS: TAD-regul ated pol ymer yel | owed nost
significamtly during the exposure. Wile exposure of the PPA/ TAD pol yner

resul ted i mdiems yetded.ng than the commercial nylon 6 polynmer and the
conparative TPA/ 0. 15~ TAD-regul ated pol yner, exposure of the ADA/ TAD

olyners resul ted |y in._nmni Il 45 wi 063/ 19 0 4 SEP 2002
POVTTIS 1Y LBRGRT| peddhalale 0B | A8 Sompottrlsn o elalde  Con wi t h what
is presently considered to be the nost practical and preferred enbodi nent,
it is toftbRakdddvet Bowrasidy (R® i nvention is not to be linted to the
di scl osed enbodi nent, but on the contrary, is in s tended to cover various
modi fi cati omfe aedaciié walseRkstardapgesentse ivickudety Wit Ai Boldeisdpiofi t and
scope of t%l@ﬂﬂgng@dﬂﬁlﬂﬁienﬁcié%i& 28e viscosity of the formic acid it-

self (ASTM D 789). The test results reported herein were obtained

30 using 0.20 g of nylon 6 dissolved in 20 cc. of formic acid at

( ! 25°C-
End Group Content.

35 The amino end group content is determined by dissolving about 2.0
g of the polymer in about 60 cc. of a phenol-methanol mixture
(68:32). This solution is titrated with about 0.20 normal HCl at
about 25°C by a potentiometric method, wherein the endpoint is de-
termined by a steep potential increase.

40
The carboxy end group content is determined by dissolving about
0.30 g of the polymer in about 40 cc. of a mixture of benzyl al-
cohol at 180°C. The solution is titrated with about 0.03 normal
t-butyl ammonium hydroxide at about 80°C to about 100°C by a po-

45 tentiometric method, wherein the endpoint is determined by a
steep potential increase.



25 30 35 4@04@/0@1(9— 03=2000 EP 009900B89 2063/ 06219 ,

. .. 04SEP2002dains 1. A nethod for produ0| ngna'e SEPQZIQ&
and ther mally stabl e pol yam de 5 conpgjsing subjecting one or nore
pol yam de-formn rmnorrers to a polynerization process in the presence of
an ef fecti F&PRABEAtTI ‘at | east one’ hi ndered pi peridi ne conpound and an
ef fective anount of at |east one chain regul ati ng conpound, wherein the at
| east one ahdisnteeygulatdesdgnedpausdmodapes icsesehd emvialonphatal,catiddar boxylic
acid and caindathénsnidiRueohsiader ebnithe dle lteagﬁnlqr@mal hedat ized hu-

di carboxyd iy Aty deshaif E:%QB{:Q&'&Qp‘EQgP@HH&n SELEFNANEE OB (it 9T ouP
consisting o f oni.c acg ﬁersrg oni ¢ aci g, etffféi mal Lenic
aci d; but yMiSHi tn'é%ﬁ’t? &Fh%t tS5FPORT ¢ MG HESath ;2

met hyl succi¥ildoyind: (the dgi ke vadue) Pk eaGhgof othe (ﬂxﬁéﬁﬁ‘}l%ad'&,lleﬁl c acid;
2- et hyl - 2- rﬁtl@tsacammeréomed dlinutegrprdandal wizh2thie dt RREQILA&H iTesé&ci d;
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2,2,6,6-tetramet hyl - 3- pi peri di neal kyl carboxylic 40 acid;

2,2,6, 6-tetranet hyl - 3- pi peri diTegity!afRf lifeC  3C1 (D%
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4- ani no- 0%@&%’1@& g‘%fg‘tp iLJ @i dine. AVENDED SHEET C- 1-03j 2000 E P

009900889 2063/ 06219 , .. C e e e e
. .. Polymerization of PPA/QﬁD Regulated Nylon 6

A mixture of 75 kg of caprolactam, 1800 g of water, 135 g (0.18

35 weight percent) propionic acid, and 112.5 g (0.15 weight percent)
4-amino-2,2,6,6-tetramethylpiperidine is charged into a 250-liter
autoclave. The mixture is heated to 270°C in one hour, while the
pressure increases to 60 psi (3102 mm Hg). After holding the mix-
ture at 60 psi for 30 minutes, the pressure is slowly released.

40 To accelerate the polymerization, the system is placed under a
vacuum of 400 mm Hg for 75 minutes. The polymer is then extruded
under a positive nitrogen pressure and cut into chips. The chips
are washed with hot water (90°C}) and dried in a tumble dryer. The
relative viscosity measures 2.71. The amino group content measu-

45 res 42 meqg/kg, and the carboxylic end group content measures 45
meq/kg.
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Ewlﬁ Gtaric aci d 2 3- di rrethyl gI utaric aci d 2 4- di rrethyl ~4
SEP2002 glutarlc acid; adipic aC|d 3- et hyl adi pi ¢ aci d; azelalc aci d;
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and conbiigati ons thereof, wherein the 5 spinning efficiency of the |ight

and tpher mal bxpéalaa@tfamp% yp&rpn@méa | fiE @RS sgmpw:@%oh%%taso 15 E§ 3,19.
An art| cle ngg{ get%% ?ngg ererra“: er a 9/ c1§ L al m 10.
10 20. An ar cl_be acc ag:F §’wﬂ r A cteﬁl P18 & Iected
fromthe gr BB toRSFSERh | B@?’S AParpis "ca?eﬁé‘ﬁg‘t ‘érﬁi‘ué‘ﬁg?n%eﬁ%
pl asti cs. 15@159%1999951%945TAM SHEETCt ARSA® PElatiNEYViaFOT YAl V. A
. A3E. Af . ABN3E. A M), AaAcaiincAend gKJumkdrtent of 53 meq/kg, and a

carboxylic end group content of 51 meqg/kg.

EXAMPLE 6 (Comparative)
25 Polymerization of TPA/0.15% TAD-Regulated Nylon 6

Caprolactam was polymerized in the same VK column as in Example 3
with addition of 0.30 weight percent terephthalic acid, 0.5
weight percent water, and 0.15 weight percent 4-amino-2,2,6,6-te-
30 tramethylpiperidine. The dried product had a relative viscosity
( of 2.68, an amino end group content of 42 meq/kg, and a
carboxylic end group content of 63 meq/kg.

EXAMPLE 7

35
Spinning of 1115 Denier/58 Filament Solution-Dyed Yarn with Tri-
lobal Cross-Section

Nylon 6 polymer from Examples 3-6, as well as commercial nylon 6
40 (Ultramid B® nylon 6 available from BASF Corporation of Mount

Olive, NJ), is extruded at 260°C-265°C. Opal gray color concen-

trate mixed with a proper amount of nylon chip is added to the

spinning machine through volumetric feeders. The extruded fila-

ments are cooled and solidified by a stream of quench air at 15°C.
45 After the application of spin finish, the yarns are drawn at a
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The plaques are then exposed in an Atlas Ci65 Xenon-Arc Weather-
Oometer® for 1,000 hours (1,410 kJ) in 100 hour (141 kJ) incre-
ments by the conditions specified in the GM SAE J1885 Test

35 Method. The exposed plaques are measured for yellowing (or ”Delta
b*,” where a higher Delta b* value indicates a more yellow sam-
ple) at each increment of exposure using an Applied Color Systems
Spectrophotometer. The results of these exposures are plotted in
FIG. 2. The results show that the commercial nylon 6 polymer and

40 the comparative TPA/0.15% TAD-regulated polymer yellowed most si-
gnificantly during the exposure. While exposure of the PPA/TAD
polymer resulted in less yellowing than the commercial nylon 6
polymer and the comparative TPA/0.15% TAD-regulated polymer, ex-
posure of the ADA/TAD polymers resulted only in minimal yello-

45 wing.
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acid; butylmalonic acid; dimethylmalonic acid, succinic acid;
( 15 methylsuccinic acid; 2,2-dimethylsuccinic acid; 2,3-dimethyl-
succinic acid; 2-ethyl-2-methylsuccinic acid; glutaric acid;
2,2-dimethylglutaric acid; 2,3-dimethylglutaric acid; 2,4-di-
methylglutaric acid; adipic acid; 3-methyladipic acid; aze-
laic acid; pimelic acid; sebacic acid; decanedicarboxylic
20 acid; dodecanedioic acid; and combinations thereof.

2. The method according to claim 1 wherein the at least one hin-
dered piperidine compound is selected from the group consi-
sting of amino polyalkylpiperidines.

25

3. The method according to claim 1 wherein the at least one hin-
dered piperidine compound is selected from the group consi-
sting of 4-amino-2,2,6,6-tetramethylpiperidine; 4-(amino-
alkvl)-2,2,6,6~tetramethylpiperidine; 4-(aminoa-

30 ryl)-2,2,6,6-tetramethylpiperidine; 4- (aminoaryl/

. alkyl)-2,2,6,6-tetramethylpiperidine; 3-amino-2,2,6,6-tetra-
methylpiperidine; 3-(aminoalkyl)-2,2,6,6-tetramethylpiperi-
dine; 3-(aminoaryl)-2,2,6,6-tetramethylpiperidine; 3-(aminoa-
ryl/alkyl)-2,2,6,6-tetramethylpiperidine; 2,2,6,6-tetra-

35 methyl-4-piperidinecarboxylic acid; 2,2,6,6-tetramethyl-4-pi-
peridinealkylcarboxylic acid; 2,2,6,6~tetramethyl-4-piperidi-
nearylcarboxylic acid; 2,2,6,6~tetramethyl-4-piperidinealkyl/
arylcarboxylic acid; 2,2,6,6-tetramethyl-3-piperidinecarboxy-
lic acid; 2,2,6,6-tetramethyl-3-piperidinealkylcarboxylic

40 acid; 2,2,6,6~-tetramethyl-3-piperidinearylcarboxylic acid;
2,2,6,6-tetramethyl-3,4-piperidinealkyl/arylcarboxylic acid;
and combinations thereof.

4. The method according to claim 3 wherein the at least one hin-

45 dered piperidine compound is 4-amino-~2,2,6,6~tetramethylpipe-
ridine.
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adipic acid.

10
7. The method according to claim 1 wherein the light and ther-
mally stable polyamide is selected from the group consisting
of nylon 6, nylon 6/6, nylon 6/9, nylon 6/10, nylon 6T, nylon
6/12, nylon 4/6, nylon 11, nylon 12, poly(meta-phenylene
( - 15 isophthalamide), and poly(para-phenylene terephthalamide).

8. The method according to claim 7 wherein the light and ther-
mally stable polyamide is nylon 6.

20 9. The method according to claim 1 wherein the polyamide-forming
monomers comprise caprolactam monomers.

10. A light and thermally stable polyamide comprising a backbone
polymer chain, at least one hindered piperidine moiety, and
25 at least one aliphatic, dicarboxylic acid chain regulating
compound, wherein both the at least one hindered piperidine
moiety and the at least one aliphatic, dicarboxylic acid
chain regulating compound are chemically bonded to the back-
bone polymer chain, wherein the at least one aliphatic,
. 30 dicarboxylic acid chain regulating compound is selected from
‘ the group consisting of malic acid; malonic acid; methylmalo-
nic acid; ethylmalonic acid; butylmalonic acid; dimethylmalo-
nic acid, succinic acid; methylsuccinic acid; 2,2-dimethyl-
succinic acid; 2,3-dimethylsuccinic acid; 2-ethyl-2-methyl-
35 succinic acid; glutaric acid; 2,2-dimethylglutaric acid;
2,3-dimethylglutaric acid; 2,4-dimethylglutaric acid; adipic
acid; 3-methyladipic acid; azelaic acid; pimelic acid; seba-
cic acid; decanedicarboxylic acid; dodecanedioic acid; and
combinations thereof.
40
11. The polyamide of claim 10 wherein the at least one hindered
piperidine compound is selected from the group consisting of
amino polyalkylpiperidines.

45 12. The polyvamide of claim 10 wherein the at least one hindered

piperidine compound is selected from the group consisting of
4~amino-2,2,6,6-tetramethylpiperidine; 4-(amino-
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F109%&' () - 9ICD (ngyﬁyl&aF oxylic acid; 2,2, 6 -tetramethyl-4-piperidinealkyl/
arylcarboxylic acid; 2,2,6,6-tetramethyl-3-piperidinecarboxy-
lic acid; 2,2,6,6-tetramethyl-3-piperidinealkylcarboxylic
acid; 2,2,6,6~-tetramethyl-3-piperidinearylcarboxylic acid;
2,2,6,6-tetramethyl-~3,4~-piperidinealkyl/arylcarboxylic acid;
and combinations thereof.

13. The polyamide of claim 12 wherein the at least one hindered
piperidine compound is 4-amino-2,2,6,6~tetramethylpiperidine.

14. The method according to claim 10 wherein the at least one
20 aliphatic, dicarboxylic acid chain regulating compound is se-
lected from the group congisting of adipic acid, azelaic
acid, decanedicarboxylic acid, sebacic acid, and combinations
thereof.

25 15. The method according to claim 14 wherein the at least one
aliphatic, dicarboxylic acid chain regulating compound is
adipic acid.

16. The polyamide of claim 10 wherein the polyamide is selected
( . 30 from the group consisting of nylon 6, nylon 6/6, nylon 6/9,
nylon 6/10, nylon 6T, nylon 6/12, nylon 4/6, nylon 11, nylon
12, poly(meta-phenylene isophthalamide), and poly{(para—-pheny-
lene terephthalamide).

35 17. The polyamide of claim 16 wherein the polyamide is nylon €.

18. A light and thermally stable polyamide comprising a backbone
polymer chain, at least one hindered piperidine moiety
chemically bonded to the backbone polymer chain, and at least

40 one aliphatic, dicarboxylic acid chain regulating compound
chemically bonded to the backbone polymer chain, wherein the
at least one aliphatic, dicarboxylic acid chain regulating
compound is selected from the group consisting of malic acid;
malonic acid; methylmalonic acid; ethylmalonic acid; butylma-

45 lonic acid; dimethylmalonic acid, succinic acid; methylsucci-
nic acid; 2,2-dimethylsuccinic acid; 2,3-dimethylsuccinic
acid; 2-ethyl-~2-methylsuccinic acid; glutaric acid; 2,2-dime-
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