;e3e;;L,6TTI\ ~ Z ~~~ ~ ~~~2 ~ re..~ar. | NHERENTLY LI GHT- AND 52 Fs 02
HEAT- STABIwbabip 204 YAM E@Jmmmwm OF MAKI NG THE SAMVE 5 Deeqyepednmse Thi s
‘invention relates to pol e particularly, this invention relates
to inherently |ight- and heatogeabilizeq pol yam des and to nethods of

maki ng such pol yam des. This invention 10 also relates to articles produced
from Such m;aammsz.m%m-ymdmm-@mm:dmrmtﬁIMEﬂ AN QEsobook i gkt

and/ or NaFefie &3Pl €, the amino end groups (i.e., the prinmary dye sites
for aci d yes) of a poI yam de are reduced during nelt extrusion of 15 the
polyam de and durjng exposure of polyanide fibers or other polyam de

articl e A8SCEGREI%¥hd/ or heat. In addition, polyamide fabrics such as, f or
exanpl e, carpets and textiles which have been dyed with certain classes of
dyes, |osahisl inventd dracdelnhes expedgdmidesi Qidreapdtoicileatly,2@his in-

Furt her "DRRNtiBE NIt &€ SbS L ARG et L YRDT dafd Heab-asabildizeaxagpy e, nylon
6 and nyl qp éﬁéé add eaosnewa&g%@n&aﬂl% ge&ﬂ%&ﬁmhegawms S 1nFRhe EXRTPI €

d
Fabr | G R Sont EERT4E FonBAt. ehes M RREepFEoh G BB EREHe appl i cat ons.

chem cal changes occur whi ch may cause problens, e.g., oxidative/thernal
damage. TiRedyapidgd diendnty degvide whent prposRd fid Adeht A0/ ogt heat. fTfaRrs.

St abi | i zerexahpye, hean anded endigguupse (ihe. heete peimatynhe afitds potyam des.
The st abi ldca@r gyday d&eaageggiaxhﬁé@raene ¢eahosd Qiriabt 881 PUNIsiaat N, and
even a s e S i zers
are adilgx%%%ﬁ?hﬁ‘*ﬁﬁ%ﬁénékg % Sonst %fﬁ%kﬁga* A

t her ef or e PAEPPHY (FESCESEPNG® 5‘2 PPy AN 8 "‘ltolr?é'yngﬁV ‘g‘?s can
readily nifgPates o‘-iHCTB!?Sof fPﬁeeWFSFfPer Caél?ab%)ra&'tde tesEiles whifbdhave. This
means t hatbeehedped iwiithy cefrtehe clamsidsi pét dves i slosedackar iandadiadadelsén ed

manner, arskpoBpartd ildyhtr anagbeasext.to the surroundings (e.g., air, dye
bath, ef¢. ) . 40 pertain copper stabilizers have al so been added either

dur i ng eXtﬁu%%hQ?m&{ﬁ' LBy e DAL B ARARLY AN Sleaadat i on due

to exposure to0 35y exgenslve

di st urbs pﬁ"&&‘@ °é’n(§ BREsBHtR eﬁr'(’\ﬂ rgﬁn%'ﬂ'i aﬁUf F'GBF%?rsf°r4§ert §AR -~ ~
L~? WO QQM}EQVIWFI ERy0 e5enB2e 2 Ay ingd tS?a@ié%lmaPénlmJAmﬂnd@a'FpehaSerl al
Nunmber 094044, 63dpetshi glarns, assd grexctifle BASFL ©orandr &hi cextaiel hAees-seta

processzy Ctrln&aiswcgessée%biahhz edasedditEppnidyedohd bejh%mb&aﬂﬁmaid@@saoaehyam de
gorgg' FSJ: Bgv 4 ngrBBgXH?rg%ﬁ g E&&ﬁeg and% ﬁheé’é‘e hi nde
col orant. G‘iﬁlnl Pag ﬁagj%l’ éf"gnf"g‘g‘p “‘ioé%t%oga%enﬁ'sal r%%alrg /b§6 *312, which
is assigned to BASF Corporation, relates to a process for prepa 10 ring
phot ochemiStaPRyize%sm Ihavedpeannys e tCoRPBEPY® oHke B6Abr To5 ifFaRcevPEi ng to a
dye bati0 acdrapiédesr tThel etebipbdief=psiyl dbr- sdded/edban) dydirng,ybrcaftsr
pol yneri zebivhetDeaiiesennd ebencd£riaredas thédaredspiferduliges dnei vative
éndnoln Nt Rendige DAL 1NRRNG chDEL ShaRCd ! Lmi&%E?O% g:rolweenaﬁaal i zed
Appl i cati ?#%ggt%%5¥§% ﬁé%ymcﬁescrl espgllr‘lé"feﬂf:?é:reé ntt g 543% 2 g!(iing
pol yam de Foltsi P NP PAEFRLBhe RS SXEREOLBSTR fiAtnEeR &hrt?rate out

of the polymer, evaporate, or be washed out. This means that the

activity of the stabilization is reduced in an undesired manner,

and impurities are released to the surroundings (e.g., air, dye

bath, etc.).

40 certain copper stabilizers have also been added either during
extrusion or in the dye bath to minimize polyamide degradation
due to exposure to light and/or heat. This practice, however, is
expensive, disturbs processing, and presents environmental pro-

blems.
45
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20 .represented by the fornmula ~2 25 CH3% ~~CH3 cx3 \ i ¢cx3 R 30 V\:h(!‘il’% e

S hydroge&oﬁ,“l?%(;rocar bon group having 1-20 carbon atons, h.ﬁ“,g %F—&
"group. The triTacetone di am ne conpound has a primary amno group % )

that reacts with a carboxy end group o# the pol yani de nol ecul e during

pol yneri zath@Bedt $uisc e Fdeeh O RUPIA cahipnl yewiall Nghberod /0eat 031 abiteichThe
avail abl e ¢gr BEXYo Rl « @WBP @érﬁd}%taehyaﬂmegetsranﬁ%&efg@ aaPt&ﬁakicHg the
one or nDr n ay
oA R R M L, e
stabili ty B %%P@l}’@e{ RERASRS e- at least one hi

2,2,6, 6- 15eraénmm1;¢flp@r mmnownd)fan@TW}orm athee@eh@@w@tlwenlée with a

TMP- cont ai ebhgramt yam de 6/6 in the nmelt at 275 C under an at nosphere of
wat er vapor, the authors of the essay claimthat TMP reacts W th the

car boxyl t | A 2N 4
PCT/ EP591ogg§g g%f% ﬂéﬁggggr stlg%? ?égsrerﬁl Ember %%WP goém hbI y
satlsfactofL Pt tﬂg Fensl 1w Somns io nf fﬁ aep(f°§§3Fvg‘a o?refl?ﬁ)roved
51t has nGG\PBe@?'P‘iﬁ"é”c?ﬁ\?‘éPéayﬁfﬁblﬁo 9 @hﬁ?m%?%qlﬁﬁér EATPIA Sing| o
agai nst | i gEevVaGtRhd® ardyebeatgy @ sheredyagigioireef ANy (sosidanteanrani ng
nononer s i hathampriegshrdyticelly Polamerdasd ionehpi peesaticec of owptemncand a

represent edifjeté® Jiyyarilaane! deriraRd vB3aml; N Xhe e (bQ)thRGdyeiﬁc} the R4 RS
n wherein Bjaj éa%1%®w1leﬁr§ﬂ ,or%o@e%%%fkizahkgfg ifieB1 2484 iy 20
fter Co has

hydroge or t me or a di ent Cl ree va lance
bondi ng |f1¥§ gﬁ‘g&fs an al kyl or substituted aI kyl having' fromabout 1 to
about 30 carbon atoms or an aryl or substituted aryl having from about 6 tod
about 20 carBOR anwiirathons Dntsrnktiogad)AmE iicat oy rinup PCRAEP c35V Gld4d,an

ani de bondaesgeibey an timhapeflyanivadiliandd pdlyanfaél cdnmralnidg &€ Teaitd (b)
at | east opgedtAiAd¥rohe’? dBaRiheidompelAdl pi peri di ne conpound represented by
formulaggll): ~2 30 CH3 " \CH3 (Il) CH3 ~ CH3

represented by the formula

NH;
CHj 1"7 CH3
R

30
wherein R is hydrogen, a hydrocarbon group having 1-20 carbon
atoms, or a benzyl group. The triacetone diamine compound has a
primary amino group (-NH;) that reacts with a carboxy end group of
the polyamide molecule during polymerization, thus rendering the

35 polymer light and heat stable. The available carboxy end groups
of the polyamide determine the amount of the one or more triace-
tone diamine compounds that may be added.

-

An essay in Poly. Deg. and Stab. 21, 251-262 (1988) describes how
40 the light stability of polyamide 6/6 is improved by adding
2,2,6,6-tetramethylpiperidin-4-o0l (TMP). In a recondensation of
the TMP-containing polyamide 6/6 in the melt at 275° C under an
atmosphere of water vapor, the authors of the essay claim that

TMP reacts with the carboxyl end groups of the polyamides.
45
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R~.35 wherein R? is hydrogen, benzyl, or a Cl-CZO al kyl. Accordi ng$>2 f*bHe

enbodi nent_of the present invention is directed 40 to an ml;g,h.(é%lﬁw tht-
“and heat - sSWQR9412%¢ pol yam de conprising a backbone pol yner 82| east
one ~ piperidyl radical represented bg formula (I111): 45 d2~,~~~"~

\1/\60 aﬁé félzgilé‘hfxgﬂ EB?Q:’LO&%%lR%eBé 2r &lenohin| EQF,) Be cGn(aQ)aeraﬁl;I 'réea)tyszé RS n
hydr ogen orghes%lta%% g?ﬂl #ﬁ%?ﬁes?&%ﬁr@g&e‘% ° g?yl%gg%l r%go vaJI%%%ce

bondi ng siY and is an al kyl or substituted aI kyI havi ng from about 1 to
about 30 carbon atons or an aryl or substituted aryl having fromabout 6 to
.about 205 ckt bas abenbeemdiscovered, tik podyamideseghak &ve lintBremtly and at

| east one Atﬁm'dﬁfagalﬁsﬁ Zﬁrdlﬁt aaaewy& RiayebedytovidaCBy peprmaadieg by for-

" mul a (I ﬁﬁ:zth &@s&xce% wherein R~ is hydrogen,
.benzyl , or %1% %d i nor %eg ggﬁé% t__radl cal s of
formul a (I tP’Iga% 85t pﬁBF’éli réﬁncﬁgpﬁuﬁd 6. Baf I 51 pé'FIQdel
radi cal s df¢ Ebr( Ia (1V) are 30 chemically bonded to the backbone pol yner
chain. 1& the present invention) the chem cal bonding of the one or nare
pi peridyl radicals of formula (l111) &nd the one or nore
4-amno-2,2,6,6-tetra thyI&F radicals of fornmula (IV) to the
backbone pol ymer chai n| provi pol yam de with i nherent, 35 or
built-in, light- and h aﬁ I@xﬁ_%qungj enbodi msnt (I} he present
invention is directed 8n malng an |n?1erently Ilght- and
heat - st&di | i zed pol ya de co at | east one piperidyl radical of
gorrmla (rrr): 40 45

- n

wherein R; is hydrogen, benzyl, or a C1-Cz¢ alkyl, Ra-Rg are each

20 hydrogen or the same or a different C;-Cg alkyl, X has n free va-
lance bonding sites and is an alkyl or substituted alkyl having*
from about 1 to about 30 carbon atoms or an aryl or substituted
aryl having from about 6 to about 20 carbon atoms, m is 0 or 1,
-C(0O)-Rg is a group that can form an amide bond together with an

25 amine, and n is equal to 1, 2, or 3 and (b) at least one
4-amino-2,2,6,6-tetramethylpiperidine compound represented by
formula (II):

NH;
30
CH3 CH3 (II)
CH3 N CH3
Ry
3s

wherein Ry is hydrogen, benzyl, or a Ci1-Cgp alkyl.

Accordingly, one embodiment of the present invention is directed
, 40 to an inherently light- and heat~stabilized polyamide comprising

a backbone polymer chain, at least one

piperidyl radical represented by formula (III):

45
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6 Z ~~~ '~ ~~"'"" WD99/41297 5 R2 R3 5 R-NIX mC (0) ~ R4 R5 G2
PCT/ EP99I ) 10 wherein Rl is hydrogen, benzyl, or Pﬁ%ﬁb kyl .
* R2-R5 are%gégﬁ ]I%Jdrogen or the same or a different Cl-C6 al ag n
free val ance bonding sites and is an 4l kyl or substituted aIkyI havi ng from
about 1 to about 30 carbon atons or an aryl or substituted aryl having from
about 6 to about 20 cqrbon atons, is Oor 1, 15 and n is equal to 1, 2,
or 3 and at |east one|4-am Rp- R32, 6,[6-tetranet hyl pi peridyl radical of
formula (1V): 20 CH3 1 ' CH3 NA) ~ CH3 R~ 25 wherein R7 is hydrogen,
benzyl, or a Cl-Czp aljkyl, in the r%dlcals of fornulae (1id)) and (1V)
are cherfically bonded |t ittreN bac fOthain, the method conprising
subj ecti ng pol yam de- florm ng oner|s to a polynerlzation process in the
pre 30 sence of an efflective/anmount Jof at |east one piperidine conpound of
formula (1) R2 R3 35 RI-N ~Rp misC (O)-R6 (1) R4 R5 n 40 wherein Rl is
hydr ogen, benzyl, or a Cl-C2p al kyl™™ R2-Rg are each hydrogen or the sane or
a different Cl-06 al kyl, X has n free val ance bonding sites and is an al kyl
or subskd t“{?teéélﬁlﬂdyllshﬁwwefnr ofPRBYLt AT t% CapBin 23BYearBRsaEfsedh an
aryl or subsirogen extr 4heasghe hewiangiffereabdli-Ce alkylbod h2e pafbem vat-ons) m
is 0 or 131anCelporddfincs satgsoad titaancabkyDrop aubakl det&d el kyagakbengwi th an

I5r ' 3~‘;‘ﬁd|—|froﬁxf YL 9 b4 k29 4p u Gl 'ét'%%%ﬁo%&n@fﬂzn%n 2P¢h Nod Sulddkuteal, 2,
o ool A L S SO e LB MSvocn i, o L

n is equal , OT ast one
4 am1no—2,2,6,6 tetramethylplperldyl radical represented by for- “
mula (IV):
NHe
20
CH, CH3 (IV)
CHj N CHj
Rg
25

wherein R; is hydrogen, benzyl, or a Ci1-Czg alkyl, wherein the one
or more piperidyl radicals of formula (III) and the one or more
4-amino-2,2,6,6-tetramethylpiperidyl radicals of formula (IV) are

30 chemically bonded toc the backbone polymer chain. In the present
invention, the chemical bonding of the one or more piperidyl -
radicals of formula (III) and the one or more (
4-amino-2,2,6,6-tetramethylpiperidyl radicals of formula (IV) to
the backbone polymer chain provides the polyamide with inherent,

35 or built~in, light- and heat- stability.

In a second embodiment, the present invention is directed to a

method of making an inherently light- and heat-stabilized poly-

amide comprising at least one piperidyl radical of formula (III):
40

45
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5 ~2 CH3 ~ CH3 (Il) °~ CH3 ~ CH3 10 g~ wherein R~ is hydrogen, benzylﬁ,chi“"é {022
‘Cl-CZO al kyl. 15 In yet another enbodi nent, the present invention is
‘directed t\WO93MI2ATi de fibers formed fromthe inherently |igRCI/EDH00932
heat -stabilized pol yam des of the pregent invention. Thus, it is a primry

obj ect of the present invention to provide 20 a light- and heat-stabilized

pol yam de wherein the stabilizing nponents are chemcally bonded to the

pol yam de. Another objlect of,tRg present invention is to provide a nethod

of making a light- and heat- ilized pol yam de wherein the stabi 25

| i zi ng conponents are|chem c bonded to the pol yam de. A E# )her obj ect

of the present inventijorr,~s-x0 p ; paly-artdtle fibers forne rom nmaki ng

a light- and heat-stabhilized ilde, wherein the stabilizing conponents
are chemcally bonded|to the am de. The above and ot her objects,
effects, features, and advamjages ofj the present invention will becone nore
apparent fromthe folltewi ng detail flescription of the preferred

enbodi ments thereof, 35 particularly when viewed in conjunction with the
acconpary iwhgrkig U, ess h&roder,s bangyiphot |4 ustead iangyhhery-es avengad

scoured kijidreged Unesral behe WS Wi e sbbede WAIHEL DRRT €Ty fal F0P JOWS. 40

FIG 2153 dLaplddddisital! A We RCLERDI &l Ihdb D LELai Do Bty

sol ution- dyET Sy AT He5F Carexposure 2 n-a wealhdr onstof co%d ROyt e an

under st andi*?g' lo/lf’mﬁt'he1L | ﬁE?‘b‘Fé‘so Gﬁrkﬂﬂ FRRBIRT 48TV ENRT oﬁ‘;bs&é&FF%ti ons
of speci f iacYdnbawinefremopbetie § FPecAPPBR $0I9arkonapioBpedt fix O @iglage is
used t dxeser nbis tdipmadane. 1) t2 widr 3nendr éhelezss lomaeunder st ood that no

imtati on-Ghihbe2 SEWE-tetramethylpiper3dlr Wdidd® 88/ 44287 LGV EP99100932
7 of the invention is intended by the use of this specific |anguage and
that alterations, nodifications, equivalents, and further applications of
the principles of the invention df8tussed are contenpl ated as woul d
normal Iy occur to one of ordinary/ skill in the 5 art to which the invention
pertai M As used herein wi the poi yam degyof this invention,
the term"inherently light-_a abilized" neans that the light- and
heat-stability are built i 78t he pol ide. In other 10 words, the
conponents that render the polyanyde |light- and heatstabilized are

chenical |y bonded to the backbone pol yner chain of the pol yanide rather
than nerely physically adm xed with the polyam de. 15 As used herein with
respectzﬁ(a the pol yam des of this invention, the phrase both end groups
that are twyeryepatRdigntyéredsn.i bedzyief @ & tCa-Che aléyll t wheémgimndber s when

t he pi per irdidicangiehlfoamulas i) ( khl) (2VH dte chemically bonded to the

4- am no- 2 1,2 fbbné aid13MREN¥hRIPErdhd REthadi Eahpalsihgr BUb feddiy phepical ly
pond 10 ! e ACkDANG PANKBREr LA | B8 ook iUl bERbLY, | :0Mhe B
heat - stgpi | 1 zed po rs. _ln one e Ogl ﬁ the Bresent. Invent Fon is an
 nher ert] S CANP AT REAECEEEBIIRBE 551 §ant 4 "c ORE, PR M0S S5EPOHH

pi peri dyl FadPEEL3 effPésented by formula (111): 25 Rz R3
— -
Ra R3

35 /

Rj— N | [X],—C(0)—Rg

(I)

Ry Rs

— - n

wherein R; is hydrogen, benzyl, or a Ci1-Cip alkyl, Ry-Rg are each
hydrogen or the same or a different Ci-Cg alkyl, X has n free va-
lance bonding sites and is an alkyl or substituted alkyl having
from about 1 to about 30 carbon atoms or an aryl or substituted
45 aryl having from about 6 to about 20 carbon atoms, m is 0 or 1,
-C(0)-Rg is a group that can form an amide bond together with an
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Rl: NIX-mC(O (IlIl) 30 )] R4 R5 n wherein RL is hydrogen, benzyl, or a
Cl-C2o, p a CZ-C4, 35 alkyl, R2-R5 are each hydrog sane

~or a di fféféﬁ{’ﬁ%{% al kyl, X has n free val ance bondi ng S|$§5’eg??zda§3§ an

al kyl or substituted al kyl having frogé about 1 to about 30 carbon atoms or

an aryl orauRst hhatedi Aleguahavbng, f1,0M-ahoska Gad @ r2edive niRiROBE24OTE, M

is 0 or 1, Ls,equal 0,1, 2. 0 4 .
4- ami no-2,%%%?3\??%%2%%%%%%%?%@ 4 ?ggfﬁr%%ﬁgd?%ﬁt ggm%él)ur%doroﬁu gr(l\/) 45
ne 2 ~——-mula 5\0 99/ 41797 8 PGT/ EP99100932 NH cH3 i 'cH3 ( Iv) 5 CH3 N
CH3 R~ 10 wherein R~ is hydrogen, benzyl, or a Cl-C2o0, preferably Cil-Cl18

and noreéb preferably C2-C4, alkyl, nwherein the at | east one piperidyl

radical of forrmula (I11) and the &t |east one

4-am no- 2, 2, 6, 6-tetranet hyl pi perd radical of fornmula (1V) are chemcally
bonded to the backbone pol t% he i nherent 1§25 [ight- and )
heat - st abi | i zed pol yam de. cHs dy light- and heat-stabilized

pol yam de of the present inventi orh i s obtained by subjecting

pol yanmi¥e-form ng nonomers to a p8ynerization process in the presence of

(a) an 20 effective anmount of at |east one piperidine conpound represented
by formula (1) R RB25 R~ T7 IXmC (O-R6 (I) RA RS n 30 wherein RL is

hydrogen, \ReReyh rO' A nGhrbodR, B EhAT agl_.yal lclg-z‘p;%lh]?llgyl, R2-R5 are each
yl; S

hydrogen or the same or a different CI-C6 a n free val ance
bondi n%sites and is an al kyl or substituted al k\}/l I__gavi ng fromabout 1 to
about & BEh aRoRReT embrdiBent ¢ | they PIEBERY (ARVER ALY IR AHTRFLEACRR about 6
to about 20lvampda &Hikams fermedofyem rhe tpberews-ivws lighrougnd eatcakaform af™
am de bondildgetihpslydnidesn ofintihhe, prarknt isvespidn.to 1, 2) or 3 and (b) an
effective anmount of at |east one 4-am no-2, 2,6, 6, -tetranet hyl pi peri di ne
conpound HﬁRﬁSSQGtEQ gnbgfﬁégylgbféée:of4¥hé5present invention to provide

20 a light- and heat-stabilized polyamide wherein the stabilizing

components are chemically bonded to the polyamide.

Another object of the present invention is to provide a method of
making a light~ and heat-stabilized polyamide wherein the stabi-
25 lizing components are chemically bonded to the polyvamide.

A further object of the present invention is to provide polyamide

fibers formed from making a light- and heat~stabilized polyamide,

wherein the stabilizing components are chemically bonded to the
30 polyamide.

The above and other objects, effects, features, and advantages of (
the present invention will become more apparent from the follo-
wing detailed description of the preferred embodiments thereof,

35 particularly when viewed in conjunction with the accompanying fi-
gures.

FIG. 1 is a graph illustrating the yellowing of scoured knitted
tubes after exposure in a weatherometer for 700 hours.

40 .
FIG. 2 is a graph illustrating the percent strength retained for
solution-dyed varns after exposure in a weatherometer.

To promote an understanding of the principles of the present in-
45 vention, descriptions of specific embodiments of the invention

follow, and specific language is used to describe the same. It

will nevertheless be understood that no limitation of the scope



G2 G-~~ ~~'~ WD 99/41297 9 ~2 5 CH3 ~CHg (11) CH3 ~ CH3 R~ PGT/ EFb3/ ho93e:?
10 wherein_R~ is hydrogen, benzyl, or a Cl-Czo al kyl. Preferabl¥ R~ |s a
‘Cl-C18 al k‘VP 2% or e preferably a C2-C4 alkyl. In formula é
represents a group that can forman ari de bond toget her vvith an am ne such

Anhydr] de. STbLe RReHEM fo Sncditla B i S5b N R arS e gﬁﬁwé‘;‘&
b wher = et Bl fhify %&oefo R R

hydr ogen, Rl¥satésgsapkytiye d?r’-élcée E§o° e, mmwlde«mw% GTEnA°RI1 are
each the stemplated gbfverkhthozralyy eddiyr tor ows-afz @rdinsry @kl l1000REEe 20
‘where R1% ant adCihi8h elhanmtaoﬁﬁpéimzmsyl. Most preferably, R6 is
hydroxyl. Wth respect to the anhydride (i.e., where R6 is -OCORI Z), it may
pe a SYMIEAL hla AAbyEl I i irepecklc, Al %ng&\ %%[5' B Ne GO TRORM &7, O

formul a ( are 1dent d the

pi peri di ne RS Tnd B l?e*' trﬁi’ éLl )é'l aal)r%]egﬁe]a e?'é%‘? zﬁd r'& NCins é"a‘aénﬁ Bride is
4- car boxy-3iehts, rfcheakmttiaRidii Sy 268 M idsniare d'éler éﬁfm%d IgyoEBeFul a
(VI): 300 GHBrds HEheNcOmPOnaTits CHBC(18ndey SBe Ely@M3dEHBI dhiCHgndsheated
above, X istabildliedl ahavitisnifcaanyabmded] tbothd BHdckBOne pPél@rirbeRadhoss Or

an aryl hayl dgdikamiadoH tifert Qhﬁﬁ%réal% %gpbp&ﬁtyommﬂa & kygl y, X may
al so be a % tydt ed al kyl having a C o al kyl" backbone wherein one or
nore of t rogen atons is substituted with dial kyl am ne, al koxy,
chlorine, or fluorine, Alternatively, X nmay also be a substituted aryl

havi ng ®5 G5t sedsberpin ‘ﬁéékﬁ@ﬁéeﬁhe?%ltﬁeoﬁélﬁmrﬁﬁse%ft}’ﬂ’f‘e imyerbien: at ons
i s substitthedhrask hatkydndagirnups athadx prechéorinagpdf dnbritabilozed” WO
991 41297 2Zrefdrs-tol thE ddRIOIARY3Rcir sChheER prid Iibber PaeT afadilcnl i s

ondc it dnff‘;‘?‘”*e ‘%‘f”%ngd’r%}e;‘;;g‘g@ﬁ? @?gg*ﬁﬁﬁggﬁgigﬁ%;ﬁtzﬁff “is s
4 b é égtk%l (IV)- c a | po c n
ar box T‘%fD‘t)h %&tf}g%' rl}?@ézg 3 R85 yani de of the

./"\

carbox
present invention is formed is preferably carrled out according to con
In one embodiment, the present invention is an inherently light-

and heat-stabilized polyvamide comprising at least one piperidyl
radical represented by formula (III):

25 B
R2 Rj
III
Ry;— N L [X]p—C(O)e (T11)
30

e .—ln

wherein R, is hydrogen, benzyl, or a Ci-Caq, preferably a Cz;-Cg,

35 alkyl, R;-Rs are each hydrogen or the same or a different C3-Cg
alkyl, X has n free valance bonding sites and is an alkyl or sub-
stituted alkyl having from about 1 to about 30 carbon atoms or an
aryl or substituted aryl having from about 6 to about 20 carbon
atoms, m is 0 or 1, and n is equal to 1, 2, or 3 and at least one

40 4-amino-2,2,6,6-tetramethylpiperidyl radical represented by for-
mula (IV):

45
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10 ventional processes such as, for exanple, those described in U S 2F[tent
No. 5, 149 tthies, the entirety of which is herein ed by
‘ referencedigq/haﬁvﬁ the addition of an effective amount of #@@8%93%"&8:{;

pi peri di ne conmpounds of forrmula (1) &hd an effective amount of one or nore
4 -amno-2, 2,6, 6-tetranethyl pi pe 15 ridi ne conpound of formula (11). An
effective anount of at |east one &i{{)eri di ne conpound of fornmula (I) is an
amount sufficient in conbination h the one or nore

« ! ')

wi

4-am no- 2, 2, G 6-tetranet hyl pi pe- ridine conpounds of formula (I1) to
render the resultant poly am,de reagly |ight- andrgieat-stable.
Preferaldy, the effec20 fl\éﬁ’ f..the one or nore piperidine conpounds '
of formula (1) is in the rande o

rably about 0.08 to about O0.50, i ght percent based on the wei ght of the
pol yam de-form ng nononers used. b effective amount of at |east one

4-am no- 2, 2, 6, 6-tetranet hyl pi peri dine 25 conpound of fornmula (Il) is an
anount sufficient in conbination with the one or nore piperidi ne conpounds
of forrif ayherein Ry dadbydregen.ebghzeht QFoly&nice.i pneferally Cighie andd
heat - st abmerePredfarablly, Chhm, ,etllkyl | whexpbunthefat Neaghecone piperidyl

4-am no- 2,r3a6cht te rryrmuhy! prper iaekianehécxmqeeeﬁ ghefornula (11) 30 is in

;Bgu{ anos Qfam'i‘x*?&-‘r'ﬁ 206036 ttthQ&Pé%éayQpZ BEh T8 cRACLET lgb &r{,

h
NDNONE S g‘&&‘ %E]t@’ él og ﬁ%atsne q rra’g & %ﬁ‘t&guﬁa%l%f ﬁ‘g ror%gbe
added 3% td9hhe wmtdét?lbﬁ'lrﬁ%& or to the poI yrrerr zing reaction

:‘/kabo&fho 01 to about 0.70, and nore prefe

m xture. Thus, the one or nore pi perr d| ne corrpounds of formula (1) and the

pol yam de-Ther mhmgremhmrighmw:hb haddestateildrzatdebyl pimiade @fmtkeéuprei 0 a
reactor irkewsi chivdrd\ORELEZabtLhdas bof §@51erd ind0 olymdéleo&ﬁahexy groups(s)
t her eof, H%ﬁoﬁgfs Ao @b%l%@f—{éﬂl%% g?&@é’é&‘% i d ok rrgfcin"‘“h the

pol yan de nmono m_ne e resultin

pol yanife ORI RRIHE ORE & E Br‘?)e%wrl%raa. sarr%° FEPREPERTRE | )
becones 45’1’0[@@1‘1‘?“&3&’}“} bonded to the backbone pol ymer chain of the

pol yam de. The chem cal bonding of the piperidyl radicals of forrmula (111)
fart m~.~v ~ ~~r WO 991 41297 |PCT/ EP99/ 00932 11 to the backbone

pol ymer chain of the ifdes the polyam de with the inherent
Iight-ﬁwd heat-stability. T r rmre

£ of formul dX11) also
chem cal | y bond to an|end of \ h¢ ba kbone po rrer chain of the polyam de of
t he present invention]|throug ilon of the primary am no groups of the
one or nore 4-amno-2,2,6, 6l eFrarrethyI pi peri di ne conpounds of forrmula (I11)
with the pol yam de-fo 'ng m)norrers thenmsel ves or with the 10 carboxyl
groups 5 the resulting pol yan de. The resul ti ng poI yam de, therefore vvi |

contain opg .%1 REELAYd r%‘éhﬁ H fE LLEds R
LX]mC(O)s %argégé' 9%1 3 % EE ;}ﬁl@n %e
pref er abl ¥ 2l ?@) e PhEne 5r a

di fferent a@%yée 3dag E‘ylfrei Yiencer perding eﬁ’r(?@sbéﬁg Yy 9 taé%‘Y&nﬂr guby)

al kyl or ssuredtzlkydl bpvinavirep gbout abdnt abohg 3ABoCATIBM @4PPBNCTt¥NE Or
an aryl3%raryabstidutisad targh eyl mavingnfedouwbobtt 6 abcalout) 20athdbormt ons, m

is 0 or lataRd, mifs @leal 11 0-d(0)2Rs0is % FdupNehOt &BH Form an amide
4 ami no- 22pfs @a@rmw 2L P&l a8 cal St e6™M! & (1Y) 3 3RaNb OB
~Gi3 (1) anh effective amount of at least one 4-amino-2,2,6,6,~tetramethyl-
piperidine compound represented by formula (II):
40

45



HA ‘3)
35 R~ wherein R~ is hydrogen, benzyl, or a Cl-C20 alkyl. Preferably, ZF{
is a Cl-CL and nor e preferably a C2- C4 al kyl . The pr he
one or mrg"o?m# no-2, 2, 6, 6-tetranet hyl pi pe’ ridine conpoungg‘?@?s?’wgﬁ
(I'l') during the polynerization of the8polyam de-form ng nononers furt her
enhances the light- and heat45 stability of the polyam de of the present
i nvention. Because of stearic hin nce) it is believed that the secondary
am no groups of the one or nore 4-dm no-2, 2,6, 6-tetranet hyl pi peri di ne
~'~ . ~ 1 Lf~,. r: WD 99141297 PGI/EP99/ 00932 12 conpounds of fornula (I11)
do not react wth the pol yam'i e- or | NCEyTONONMEr s or t(ye)resul ting
‘pol yam d®. Thus, the one or o &_? 2,2,6,6-tetranet hyl pi peri di ne
conmpounds of for mul a (rn) nay als function as a chain regulator. 5 ' The
one or nore 4-amno-2.2,6,6-tetrargethyl pi peridine conmpounds of forrmula (11)
‘may be added to the pol yam' de-form'ng nononers or . to the polynerizing
reaction mxture. Preferably, the one or nore
4-am no- 2, 2, 6, 6-tetranet hyl pi peri di ne conpounds of fornul a%éﬂ 10 i s added
in an akbutersins Rormgrogens penzoupt 02 80, -Canradkyl of BF 15y"-zpflb’(onﬁl*'about
0. 06 to abbuta 0140, Adkelpandawire paeferablivehaCith adkyhe nol e of am de
groups in the polyam de. Any suitable polyam de-form ng nononers may be

used to fofMdRauia '(f‘i“er-@(fd))LRL ﬂéﬁfesaaes r@a;roa&oabhat% RekMaM dgnicfe t he

8: S?ﬂezé '“3’ oungggggégarwﬂnox | acl ds%.yhca I'O?cpp a%g gglrﬂonglrrgnoners e

conbi na} d( ‘hé@ e‘?’fFrAC(‘?EP' i ARt Bﬁ‘égénb r‘?é‘m’dﬁ?' ?héﬁlﬁ"h?t' hB& R t he
resent i RRMELEATSEHETPD|SheniTaevy Jt9ASHg LB ot My dapayE orifeekhere Rs | east
one di am ni @oRpeCyyd 2adRkel atvr | @d3tConersi c ariitRyy Wheradisdis Prpdmygend di am ne
conmpounds @ir—em@qmt hyteaec-az) r&yﬂﬁd-ﬁﬂidn@{’fﬁi}féﬂeeﬁ?&jla%&l RE; aPeckasnr ed
di car boxyl i aghds kn&lﬁﬁ%ﬁel él_chloda ]aabggl g §é thalic
aci d. A€ RS acg and t arC|ad1 ar(g@ d’f Te er n; tively,
the pol §am de-1 O i n%y Fe %65 earﬁ‘ Nt rBBﬁf/ﬁaEDlé'cl 6di ami ne
salts. Acct Yﬁ§°i‘¥51anot her enbodi nent of the nmethod of the present in30
vention, the polyam de-form ng nononers are conposed of capro | actam
nononer s, Witlckeppbytiete athd anhpdnide/ | (dneb, wiery akeis ecboamhodi ENmayof t he

present irb’é?'HisQﬂmeEf‘ﬁcéanE‘h&e (.-, apd aﬂ@alhétﬁﬁjéﬂlaQﬂepéHW of
this inye %ﬂn 19y o %iﬁqdeaxk 5\1)6/0@ HYL Aééhca g

romatic
e i SR L A e, R

pol y( par ap é’rlé’
3, 287, 324 %‘- eF}y Il}de ipaf eTATORRNG&r 2 Bsfﬁrfeﬁ&&m?’bh%ﬂpéékdlb%th of
whi ch ar e anhwsirpdearenrergndied by fefmuland¥I)=0 In a nore preferred
enbodi nrent of the nmethod of the pf: se i nvention, the one or nore
pi peri dgme conmpounds of fornula ( 3a,a§H9he one or nore
4- am no- 2, 2, 6, 6-tetranet hyl pi peri digrie Ixtorgélounds of formula (I1) are
conmbi ned with an effectiveanoont dst 45 one conventional chain
regul ator. The carboxy group thée chdHs regul ators) gw@gct at the am no
end groups of the polyam de , While the am no groups) of anmine chain
regul ators) react G2 ~ ~Fr L~~~ WD 99/4l 297 PCT/ EP99/ 00932

35

As noted above, X is an alkyl having from about 1 to about 30

40 carbon atoms or an aryl having from about 6 to about 20 carbon
atoms. Alternatively, X may also be a substituted alkyl having a
C1~C3gp alkyl backbone wherein one or more of the hydrogen atoms is
substituted with dialkyl amine, alkoxy, chlorine, or fluorine.
Alternatively, X may also be a substituted aryl having a Cg-Cay

45 aryl backbone wherein one or more of the hydrogen atoms is sub-
stituted with dialkyl amine, alkoxy, chlorine, fluorine, or a

2



13 at the carboxylic end groups of the polyam de chain. Thus, the grpa;n" Al
r egul atora,)oﬁmfwas a mol ecul ar wei ght controller. The partg CchE. ?

regul at or, or conbi nati on of chain regula5 toys, and the anoun hereof are
sel ected according to the desi red akPno end group content of the final

po: yam gecplmuslkﬁnd meFerdbly, D isheelest é & voml Ehat@fmlég tdbﬁﬁﬁfsﬂ:lilﬁtlgfi nftl
pol yami de up gcQnt gn. e final poly
am de pro Scfei’vvl I%hf}yepen g%!'%!ﬁéel a%reEgE}?e Qdye Cgl Plft§ %? %he cfiar ns 10 or

fi bers produced fromsuc¢ch pol yam de product. The desired nelt stability of
the final Th8I B%8ASHESSr BEIBEJEI%“IGI campeire Gf £REmBracti)cdi® requirenents for

t he proSedstarpaxy-t2hé. fobytetiximetpuiriperisgiine f(also eefopinedi bg % t he

pol yan de~cabb&t+mimlv¢ .chai n regul ators for use in the present invention

i nc_ | ude, for exanpl e, nonocar boxylic acids, d| carboxylic acids, am nes,

di am nes, n &g@%@;l%':@ xfbecre%Qf by N&l{&d!ﬂ 'E'hk f&éﬂ% %% as;gfé?éﬂte

nonocar bOX enzol ¢ acid.

Iene u e acet g
Non- | i mi t PRGBS I*Es *8Fedi Y b8 af%%\jrlb %rﬂi g1 PRe e?c"'lctf’;dllﬁgl BAeC® a o

al kane i E&PBb‘R‘}Prll PrRcegses p%\-‘rth &8t aF 9% SXFMpiLe. athese fasicaibedcin Usthacic
aci d, dec&abentaiboByRAl, 3% o Aatithibelecdhedentiraty dbf @BiCh cychexaé:kane
di car boxyliheonsiriedayt refdmricy , Cyot ohichanteladd it ta Exghi &f peteiveand

benzoi ¢ dhﬁaﬁﬁew '&eagk%ré)%rl b@yaﬁséxc eahlBabé e Aghda Qﬁ)tﬁs@nﬂ; hal i c
i ?abf‘”dam BOLIVE SGuae of il BRGOLE dishinoldna, ¢ B dldalieihl Sipe
benzyl z}%‘l Aas l’&ﬁoc?‘pmﬁy?gtw nel fKro ﬁé% fig* 8% “é{t ?gﬁl}%&ﬁ%

di ani nes PRE|IRARe eCAPRARS Af aRPTEEY2 &Pt F-éu?‘&rar"}P"tné'-t Eaféiaienthdn

di am ne, hkerbihmatidrewd tBOtkE mriener monk dodwénne2 d? Ahioset€Enéghylmimal kane:
di am nes; radin&cdnpbuniyl ofli fuamues, (PEY tHc Hendey fits agduaryhenpoTyam ne,
net a' pheamhegemiié}ran@@y ﬂf&&xxhﬁlﬁ@&ﬂsmee p@@fﬂeM xxehxl efgedl am ne.

The ch b o} ggﬁm 0.06 to
about 636%0%r{) %ﬁera ?fi{% 0%1 1r%ogt elfgd g L0 %: EO% ercent,
each in rdFat+BHnR FAnEaRet LHAPEH o Htthe opol%f“ﬂ £ Bref%rably,
t he chai nTPEgYI RVYYP - Q§eﬁ°|¢%e°p5%sé'fﬁlqhﬁvﬁﬁ%‘?%t ibag@se OB ther e

di car boxywedtghrids tive potvanidesiferdingrinmeemeTheused) 2di effeoxyvec acid or

di ami ne chablnt affulaat Qesit NBHe Reakiwo-SRP 635 -0kt Hard AR pek 0l fe

di car b%YEbﬁpé&ﬁ S sdpm fedMal si gn USRS s@rPOLYAN der LerBl Age Lpound.

pol iﬂéﬁf‘i;e?-féb G o2 phl ariebial DouRa: %’fl = TIE D P o nore
pi peri din geto Lﬁf?ﬁ“ é‘Pnf'oPcr‘?ma&“ geyi %%yo nd heat-stable:

4- am no- 2 Pzeéewhlstr &ivet Bf eRtiaie; éﬂﬁ@%dﬁp@@iﬁd@nefotm a (Il) 'a ~ 2
~E~ ~; L~4-Em¥M»-30/24|6287 t pCHanRIFLO0PERidihe soabsundarafl ddroulai fIlhe
presenge ek onetHY fEGe Bf HBEJHLS 0.6V ki upl 9Nl Saddmdieepiraf éhe ¥ esent

| nvent i onabBGtUsles 'l 2BXGEN S0 | LESSALBERN5a808 &Pl REREhOGE
conpounds tg ﬂ%mlfﬁor%&ﬁﬁﬂﬁ]ég%%m W sa. The pignents) is preferably addef

tothe5po noners or to the polynerizing mxture in an
anount of from about O to about 5, nore preferably from about 0.02 to about
2, parts Bpewergmr ﬁ@ﬁ-’ewap%@ebyowws Of fREWIHolRameyelpraddrd. 10
Mbst pr3séf érabhy palyemidehbormiing kempresdmtor eehhe apologmgniizdeg subj ecting
pol yam derkattidg mixture:, SThs pahgndhé zat indre pibBeiPins mpothdonet or nore
pi peri di ngoemIPAUNDS 28fa tRL BE 13 alli hb- PHE g MOk8mers may be added sepa-

4-am no- 2:%;21% xf‘tarsagehgﬂ@f@%“ di ?Sa&%gp%”%l% e%@;ﬂﬂﬂﬁz%&%n fé‘d one or

nore chain ors and/or pignments Invention is further
directed &% 88 EFe1 es produced fromthe i nherently | i ght- and

heat - st4bi | i zed pol yami des and to methods of producing such articles.
Non-1imitiVihg tikengeuboxyf gsoens Gt itbereof ndthedonki permors miperidinget s,
textil e fabmposndsruf tflhemi2Da | { e rekcbewsthrehebgol pambde-Aormihect i ng t he

i nher ent | wohbgltanstk haah- shahinineedroepy ¥ dde obstheidny m&hmuaaemwn to

any convenbhenghe fdely fméﬁgﬂp@r@a §sr§am1%soff g&:ﬂffﬁpﬂ D! a&oﬂééclosed

in US u_.an 4 Kent et

al. . ciS SHERF e REmaneR ce e PRCRbBIE Polsmes Bheth o nde.phTypilde:

r ef er ence Ther ERERLGAY | Wﬁén?l%%rthPoPhPﬂﬁl %Eéé%cia h¥ oPY Fermudad(FIThi nni ng
the inherently light- and heatstabilized pol yam de at take-off speeds of at
| east about 4,000 mMmn. 30 Simlarly, fabrics may be forned by subjecting
the inherently light- and heat-stabilized pol yam des of the present

i nvention to any conventional fabxic-form ng process such as, for exanple,

...
-




that disclosed in U S. Patent No. 4,918,947 to Speich, the entirety dffi3 622
which is incorporated herein by reference. 35 The articles fornmed fromthe
“inherent| WO ?MHE? and heat-stabilized pol yani des of the pr REHEPII™Rt i on
may be dyed with conventional dyes ugad to dye nylons such as, for exanple,
metal i zed dndnaopadilald Bedyel Likies o Ushalpdiyahiahl Srsiddonael gbigyel ag
40 nyl on candbe (Je_ggl q}/eeq.nhe gng cilil %gn_ngm?eﬁ]éagt@stc 995 I ons are exenplary
and not i fAtB el td BE MPRCTS ng. R yebath'1s pr@%are at a volune equal to
about 20 times the weight of the articles to be dyed. Processing chemcals
are added Theclondi ay merehétamingr2ageft 6t bepramatiylphperdidios donpoynds

conpl eximgfofformtidd (IMS alBo hetiahi4allat Bond atadpe kbrdedf Ntheadparkboaad, in
the case @fo1ymied! tESth 3% €hdVESiyadiaach HanPrekans! ontendidMent-Begyebat h
pH. The d%%%tcléfi];nl St q:qg\e/\%r. t ng;(/:%) Qg |§ agj¥si.ed,Ehe solution is
-heat ed ~a a ~=' & o : / 05’ 5 to_the (‘j-lﬁSI r§g

t enper at uds 2BE2PY A1 2 187 CEHEATC TIGRIEE* EAR° APTREUPID °F FOTFW A &P0 from
about 0. 5%t tho thBoRR1YANd de- HRFMiRA NOEBORRES | D eneedves Phatitthe®€rature for

about 3P mamboeylterairsupi 6therinesudsindhpoliaatideh is cool ed or enptied, and
the articles ars 5 thoroughly rinsed with fresh water. The dyed articles

Eﬁregt g;i ggggé iﬁ%gﬁy]te al. gg%fse,a&hgiﬁggz?%g%igﬁ %ﬁglg?;;/ﬁaoeat set ﬁl’? ggis?g(r:loe\e/er
perifyiiradica ¥ Iy
stanrrity. ern

di mensi on ativel'y, " Tibers made fromthe inherently
| i ght- and heat st abi | irzed pol yam d of the present invention may be
sol uti ovdyed bef ore bdi ng fﬁ){ mﬁg intlo articles. Usual conditions for

5ol ut i on-dyei ng nyl on{can be enpl

oygd. The followi ng general conditions are
exenpl ary and not intgnded to linmiting. The 15 pol yam de t)he pr esent
invention is nelted and gal.oged Exlgotoppnt sel ected f t he group
consisting of pignentg, dyes)\ ay cdl ored conpound Wth properties between
pi gments and dyes, and conbi pations |thereof. The col ored polyam de is then
spun i MY fibers or fdbric &eCHsdi ng to conventional nethods such as, for
20 exanpl e, those disdkosed in U S-JRatent No. 4,983,448 to Karageorgi ou,

U S Patent No. 5,487,860 to Kent et al., and U.S. Pa tent No. 4,918,947 to
Spei ch. ThaeRe@seRn] iisNupatdsdh WokhzPe, for they -ggscprbearivay ef cgrescs,,to 25
the fol! owig10CkAld CH- B 5ardhén YATHCHAE o5 e diPkbbehY ML Of

|| ustraliqy, andyar g, 9ok Lt ended.l gobbild dieSeame; ofod NS lAventLan. As
used inthe ,é’xa | 'és, K pé f"o oW g Cerne’ and testoproceddréy are deli ned
as foll om§t1§b‘tg§i YHEYIpEAYERe  £¥ATe 2Rergnt 'iﬁera(?é’ﬁttaﬁg CATRIL A ORISR i n

t he char g@&ryRePat Fues tiitsEgdi 2y Rayinghérem ahouke 6via caxduty 200FpabeR t he

Vi scosi ty axoma, sml i ilrrol, 3&ndal yeeequal ftor 1fi,c 2acbd WMardd dne vrsmosety of
the form a-aalidot2 524, s-Aet bl pipbheay EStadieaubt 6f repeniled (hejein were
obt ai negy using 0.20 g of nylon 6 dissolved in 20 cc. of formc acid at 25C
40 Col or Measurenents. Col or neasurenents are made using an Applied Col or
Systens ("ACS') SpectrophotoneterNg®tnerating 1976 ClE LAB (D6500
illumnant) 10 degree observer) values. Total color difference (or Delta E,
wherein higher Delta E val ugs_ifidi Cpt e@ujore col or 45 (gfpange) cal cul ations
are made agai nst unexposed ¢coO <Details of ClE LAB neasurenents and
the calsml ation of total c&®Br dijferdénie (Delta E) are found in col or
science literature such as. c~,+t WD 99/41297 PCTI EP99/ 00932 16 for
exanpl e, Billmeyer and M Saltzman’ Principles of Color Technol ogy, 2nd
edition.

wherein R; is hydrogen, benzyl, or a C3-Czp alkyl. Preferably, Ry
40 is a C1-C3g alkyl and more preferably a Cy-C4 alkyl.

The presence of the one or more 4-amino-~2,2,6,6-tetramethylpipe-
ridine compounds of formula (II) during the polymerization of the
polvamide~forming monomers further enhances the light- and heat-

45 stability of the polyamide of the present invention. Because of
Stearic hindrance, it is believed that the secondary amino groups
of the one or more 4-amino-2,2,6,6-tetramethylpiperidine



UL Feu tlid
End Group Content. 5 The anmino end group content is determ ned by

di ssol VI 2.0 g of nylon 6 in about 60 cc. of a phengl- I

m xture ( 96938#97Thi s solution is titrated with about O. 20%%?#@%% at
about 25 C by a potentionetric method2 wherein the endpoint is determ ned
by a steepoppb@iid df ifdehadse (110 dbhacearbpey waRe Qﬁ@%l%@ﬂ;@@tfbﬁung
det er il ne) xmgff%q{ 440 apey 1gﬁa§d@y'ﬁﬁ 0 b AROLIToA 099. of a
m xture o ol ution I's-ti % gl bout
0. 03 nor mir=PLRLT, BETARIRG SPEYRES 1o AR L06E by a
poten ~5 F‘P}bnﬂﬁq cf%’é’ttﬁeﬁ a%\k\%r@aﬁ-nt REJBHMIRFi-nt is determned by a steep
potenti &l increase. EXAMPLE 1 (Control I) 20 polynmer Containing No

St abi | i zerhel sneéd qromperer & zahimor 012, &, Bytetrdharblypeperfdink 4pmpdutids

caprol act g £4fh1% V@IS mab- pegadd%dléomehgfsow%s&@lﬁoﬁ{lﬂa fBheRkrs & d are
char ged | Bhouge bl %&ﬁﬂ%%@f&o mgx%e%urp%e&aﬁg}e%& gh gp%ﬁ%ﬁo c

in one ho pressure reasga to a

After hol |ﬁ’6”ﬁ%@ rﬁ v 3r & falﬁ%w

mi nut ed? fReafAedd@ @1 amepRphy gt rfé1°5‘a ut'l%oéc&@I%‘?‘H{"e op@loyrrEPFiaﬂlifﬁn t he
system i sfprakid ﬁ;:mwelabauVa@uQﬁnQﬁ a®ootnbad0.owel et perd¢erst, BBchi imtms. The
pol ymer i 3a8fod hen omét mogedof naeirded gpoaps i ite thiet pOTPAIHeASSUre and cut into
chi ps. The chips are vvashed 6 times with 6 L of hot water (about 100 C) and

dried “”dS{x “!;2& aBPéé! eri pﬁéﬂfﬁél%eﬁﬁgdbétusle‘?g%w Lpchgase the
Vi scosi ty D gB 3 7 kg, and
the carBoxHP ?’Eenetr?'é’ c%%&?%nlst égi‘ﬁ p&ﬁgﬁ?l% %cfg‘l?gprE?@WPLE 2

( Cont xol FPYGE@%I Wpébﬁt%tf MY PAD-Ehimipolyanider formyingnappongyson of a<
nyl on 6 pekgndraniPe/c2mppunds k ficapbokntiamcids) gamailarstagm8nomes,57

wei ght peaaenégmdifmaraoaphthetést.acid, 10.8 g (0.27 weight percent) of

4-am no-2, 2, 6, 6- tetrarre ~5 t hyl pi per|d| ne are charged into a 11-liter

aut ocl ave r b ne _hour mhlle t he
ut ool gep Ihga T %n a@%%ﬁge ¢ TS feingfs oF S dienc i 18
at about 56°Psi 1’{ gnPmers rﬁrﬁuf’@émﬂ?% A @&shipast one _ 7
~' .~ VWO QQM@FWMPQ%@O@B@@F%PBN c}aqeerlbeasbuc agydac Pokteryed
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the one or more 4-amino-2,2,6,6—-tetramethylpiperidine compounds
of formula (II) are combined with an effective amount of at least
45 one conventional chain regulator. The carboxy group(s) of the
chain regulator(s) react at the amino end groups of the polyamide
chain, while the amino group(s) of amine chain regqulator(s) react
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35 to about 0.50, mole percent, each in relation to one mole of
amide groups in the polyamide.

on6

Preferably, the chain regulator(s) used in the present invention
is one or more dicarboxylic acids or one or more diamines. The

40 dicarboxylic acid or diamine chain regulator(s) may be the same
as or different from a dicarboxylic acid or diamine that is used
as a polyamide-forming compound.

In another embodiment of the present invention, the method of
45 polymerization of polyamide-forming monomers in the presence of

one or more piperidine compounds of formula (I) and one or more

4-amino-2,2,6,6-tetramethylpiperidine compounds of formula (II)

ul-
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that the tybe_spun from wei ght per cent tere ic acird/0.27 weight
per cent 4™AMRo- 2, 2, 6, 6-t et r anet hyl pi peri di ne/0.32 wei ght percent

4- car boxy- 2, 2, 6, 6-tet ramet hyl pi peridi ne (invention) yellows |ess than the

t ubes SPuRinidario tfebrdcharaypdiey ferned dontsudd erting tdenirbrrenyly TABLE 1
Heat Agi ngigN¥et| awd rigatot tSclirad Kallyaeiiefnts tid Bayene Deireatidn \fa ue -
0. 15 wei gahyPessest £ 18RRI eabFi dGdimi By apRdcesk) s8ch £b,5Fcveieghhppel cent

t er epht al 'tgaﬂclgﬁé&c?sﬁed"@hg?t s/ E%.%QtpﬁBCetthlB 947 to Speich, the ent-

4- 2 h
b am no- 2:2e8y Bak SRRV LBl e ac, LRl el ’iené’eGWtEIe?r;rrgte byl pi per

di ne/ 0.3%2 wei ght percent 4- carboxy 2,2,6,6-tetranet hyl pi peri di ne (Exanpl e
3) The articles formed from the inherently light- and heat-stabili-

zed polyamides of the present invention may be dyed with conven-
tional dyes used to dye nylons such as, for example, metalized
and non-metalized acid dves. Usual dyebath conditions for dyeing

40 nylon can be employed. The following general conditions are exem- .
plary 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 chemicals are added including a chelating agent
to prevent the deposition or complexing of metal ions in hard

45 water, a dye leveling 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
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25 EXAMPLE 10 Strength Retention 30 Three nore sets of knitted tubeg beliie) 022
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bef ore ex%Q ure an gg .ter _éeac mgren’en Qf. _exposure, hes?1 results are
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4- car boxy+&n2, fio 5-4 8183887 hyd gedehdi ne (invention) has |less strength | oss
than the controls (0.15 weight percent propionic acid and 0.57 wei ght
percent { aaePtDallc 20.a¢idl Q2% WB! SRLRS! 88k inea by ref :

4-am nQ;2, 2, 6,62 er%_rame\teﬁl},L i peridiney. ﬁ%ile TRE T RVent iFon -has. been
descri %esg e éBﬁ}l%ﬁgoﬁeﬁ%%ﬂe‘%rﬁﬁamP%e r SN PPTRORS | AT &F Tt 6°BER R nost
practi cal w&ydopreflastagtéaporhhare, npt intandefetantintish s6¢ erapetdle
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30 35 4 ﬁightngrcE‘nt’.' ~ L~~~ -22 W claim
The weight percentage of that component in the charge.

Relative Viscosity (RV).
The relative viscosity compares the viscosity of a solution of

35 polymer in formic acid with the viscosity of the formic acid it-
self (ASTM D 789). The test results reported herein were obtained
using 0.20 g of nylon € dissolved in 20 cc. of formic acid at
25°c.

- 40 color Measurements.

Color measurements are made using an Applied Color Systems
(“ACS”) Spectrophotometer generating 1976 CIE LAB (D6500 illumi-
nant, 10 degree observer) values. Total color difference (or
Delta E, wherein higher Delta E values indicate more color

45 change) calculaticons are made against unexposed controls. Details
of CIE LAB measurements and the calculation of total color diffe-
rence (Delta E) are found in color science literature such as,
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di car boxyEEKaMREE @ i(Sosetalctldd from the group consisting of adipic acid,
sebacic acid, and terephthalic acid. 8. The nethod of claim1l wherein the

pol yamztdtepg%ﬁglng:omggﬂﬁggs P RLS € disar boxylic acid diamne salts. 9. The
nmet hod of claim1 wherein the polymerization process is further carried out

in the presence of a east ech e ating_co ther than the
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wher ei n tl%éc | S48t go‘f‘n%t%alerr O §giPat? r'hff—l@@r?pBGﬁGeﬁ’*%) §€I ®&ppipnic

acid are charged into a ll-liter autoclave. The mixture is heated

to about 260° C in one hour, while the pressure increases to ab-

out 60 psi (3,102 mm Hg). After holding the mixture at about 60

psi (3,102 mm Hg) for about 30 minutes, the pressure is slowly
released. To accelerate polymerization, the system is placed un-

der a vacuum of 300 mbar over the last 15 minutes. The polymer is
then extruded under a positive nitrogen pressure and cut into

chips. The chips are washed 6 times with 6 L of hot water {about (~
100° C) and dried under nitrogen. The polyvmer is postcondensed at
160°C to increase the viscosity to 2.7. The amino end group con-

tent measures about 33 meg/kg, and the carboxylic end group con-

tent measures about 50 meq/kg.

25

30

35

EXAMPLE 2 (Control II)

0 Polymer Containing TAD Stabilizer
In a polymerization of a nylon 6 polymer (RV 2.4), 4 kg capro-
lactam, 400 g water, 22.8 g (0.57 weight percent) of terephthalic
acid, 10.8 g (0.27 weight percent) of 4-amino-2,2,6,6-tetrame-
thylpiperidine are charged into a ll-liter autoclave. The mixture
45 is heated to about 260° C in one hour, while the pressure increa-
ses to about 60 psi (3,102 mm Hg). After holding the mixture at

about 60 psi (3,102 mm Hg) for about 30 minutes, the pressure is
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‘sebaci ¢ acigl, dgcanadiia bgyld el ¢ ok o | PUULLIRY £ ] A waonh g on

t her eof . od 0 | ‘east “One

chai n- r equIH9¥RgC %tr?ﬁ{?uﬁ%?aéﬁﬁﬁl ’B?Q/#Hreaaﬁam%&arbfwl?ﬁee%t hod of
‘cl ai m 14 WEIOEPNCeHESh BegsuRe? c2bfuany heved/&dsel ected from the group
consisting of C2-C |1 g al kane di am nes, CS-C8 cycl oal kane di am nes, C6-C24
aryl di axo nsaumpgpd conbi nati ons thereof. 16. The nmethod of claim 1l wherein
t he pol ynerization process is further carried out in the presence of at

| east one pi gment 17 The od of._claim rel the inherently light-
and heat s{yﬁg‘ﬂ“ﬁecifrb@llfﬁéﬁ\gd ansdef:% %’8’ fT}\B\r,r\IS? g’r conS| sting of
nylon 6, nylon 6/6, nylon 4/6, nylon 6/10, and aromatic nylons sel ected
fromthe grlsug n@lrwrie;tﬁzngigﬂ %Iw@w@pa-@mmne(R3®M)hal4aMde§pm1d

pol y( parld phenghen0d ¢ ephthal 2008de) (0187 weighnhpeetddty) ldfgkerepinthalic
heat - st abi ldcz@d P@'&’%m(@ezﬁoﬁ@ifdrfd garcéﬁa) %fbacmm@-pd JTRL teRAARe Navi Ng

¢wo chain e@gg er:.dzin~e’,~ — ~~%J g ﬁ Q¥ peridyl radical
chemi cal | §a n or t Fchain qf .t he er ent |
T ght - and FEAFOLRER 14 Pad § '%y sEhee ea¥ﬁ SR antayf kel
r epr esent ed-e¥y 2apeRFAAVE - ( [FRE) ml?FQJIRS ir1heafed(tm gboyt 26Q% C ka ®8e rhawdr ei n
R is hydt ogdne tienzpHessareairdddesaklydboud®? 6BSpat e(2aA02 mpndEgperabrer he
same or a didierentnLmixehral kKvlabotithas Iﬁbif f(@elmhﬁﬂ%)b@’&l BBostt®H and is
an al kyl eng gk sbbSid l&%@ﬁ&@{%‘io@ dgsg@ Lpb Gacillacaialian atoms or an
ace

aryl ene or S;I. St ene_navl ng wndesa vacu(l)ugn athgBO IE%I s 0 or

1, and n i £ flﬁ%tlfn?%

over the last 15’ mlnutes The polymer is then extruded under a

25 positive nitrogen pressure and cut into chips. The chips are was-
hed 6 times with 6 L of hot water (about 100° C) and dried under
nitrogen. The polymer is postcondensed at 160°C to increase the
viscosity to 2.4. The amino end group content measures about 36
meqg/kg, and the carboxylic end group content measures about 89

30 meq/kqg.

( EXAMPLE 4

35 Polymer Containing TAD and Carboxy-TAD Stabilizers

In a polymerization of & nylon 6 polymer (RV 2.4), 75 kg capro-

lactam, 1800 g water, 412.5 g (0.55 weight percent) of

terephthalic acid , 202.5 g (0.27 weight percent) of

4-amino-2,2,6,6-tetramethylpiperidine, and 75 g (0.10 weight per-
. 40 cent) of 4-carboxy-2,2,6,6~tetramethylpiperidine are charged into
a 250-liter autoclave. The mixture is heated to about 270° C in
one hour, while the pressure increases to about 60 psi (3,102 mm
Hg) . After holding the mixture at about 60 psi (3,102 mm Hg) for
about 30 minutes, the pressure is slowly released. To accelerate
polymerization, the system is placed under a vacuum of 500 mm Hg
for less than 5 minutes. The polymer is then extruded under a po-
sitive nitrogen pressure and cut into chips. The chips are washed
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(c) at |east one 4-amno-2, 2,6, 6-tetranethyl pi peridyl radical

Z [ﬂ..d L

chem cally

bonded to 3gher end of the backbone pol ynmer chai n of t hg1/Ewernent! v

l'ight- an at stabilized pol yam de g he at |east one

4-am no- 2, 2, 6, 6 tetrarreth Eﬁﬁpeud ,aézgdldcal represented b forrrula (1v):
e

rrx CH3 | Withghet vjatem (2

20. The pol yam de of claim 18 wherein R and R~ are hydrogen,

Eeq sith iy tygehe Haieryl T a
Cl- CZO al lapino]end Froupokpahtle ngasyirgsmprbgubnek aieu/RY, aanfl Rhear e hydr ogen,
RZ- RS ar e czabbxglietdnd ggvappcodierits nealsydedxabory T8Pmedyks. O,

and nis 1.
R2-RS are

each a nethyhpggo p, R6 is a hydroxyl group, mis 1, Xis a CH2, and nis
1. p. r§r3~r P%y ~, . V -26 21. The pol yam de of cIa|m18further
conpri sing at Ieast one radical of at |east one chain regulating conpound
ot her t harPHHBeE FRRAAIAINEBRR N SR TBP*Y oF it Hedlippre il th Pl tapium ot

| east one Dimtidel being chemically bonded to the backbone pol yner chain.
22. The polyam de of claim21 wherein the at |east one chain-regulating

conpounth i %ebs 1fzraQETb£h8f o m&p@sbsiw& Oifnmn@s:arﬂpw 'CQEE‘EL ds,

dlcarboxyll §er

3. The

Eg%?[nsggﬁég@ah%%a&r‘ s B4 %a@c@(’?aﬂﬁﬂ‘emﬁ;’ ”'@e%“' Bivg somayns

de of claim?23
wher ei n t He284BOD? - drfr - &Péaﬁrb%%w%mpéé’léénes '§%|%dpea0fwmltthée§¢enb)
consi st i ngfofi - CAxlghxy -2l Rah e dietrdameinlvilpineridinCSabd 25| odlOkdne
di car by lvied ghi€i Per cdirNZ 6F Ca g ®X Wais€ eAChakSch s ta DA alboRRs 3bher eof .
25. The peJeyaphde: Ofarghdl i sdiadb et '&hTalE‘Se@nfn&f dTBEG- 91@@ k&%)ét:hﬁvéc' ds ig-.

I d h d, | i
Sebaci o acl AT ALCEFROR Sfl;“%au& 3 ot bkEP Upide §

aci d
%I nati ons

t her eof . %es?ﬁéep’cﬁ‘?éﬁ?&é 5? AWM ZPﬁ/He 24 me He) feaafstteroﬁel ing

chai n- r eguihgt phgtexaEsuatosbn®? inkds (Gnad0armmui® dcanehest 307 miTheepol yani de

of cl ai4f Hhenbeesiurd He diawiperdleaseldecredadcaloriate gobmerdeasishj ng of

Cz-C ~g %H@B?s@'&@@s’“@iac@ Gy @ Qakkamncotli 509 @S ng Bs5:CA% 31 ¥hadi &M nes,

and combi gati,ns. tAEl 88t ma8 +JNdI0lKaT Aea Alndd AL ThIE: VAR &1tBobS

pol yam de furt Jpr | Ses at_| east

pressure an cut into chips. T% Cﬁlég are washed with hot water

(about 90° C) and dried in a tumble dryer. The amino end group
25 content measures about 41 meq/kg, and the carboxylic end group

content measures about 78 meg/kg.
EXAMPLE 6

30 Polymer Containing TAD and Carboxy-TAD Stabilizers

In a polymerization of a nylon-6 polymer (RV 2.7), 75 kg capro-
lactam, 1800 g water, 225 g (0.30 weight percent) of terephthalic
acid, 112.5 g (0.15 weight percent) of 4-amino-2,2,6,6-tetrame-

35 thylpiperidine, and 75 g (0.10 weight percent) of

4-carboxy-2,2,6,6-tetramethylpiperidine are charged into a

250-1iter autoclave. The mixture is heated to about 270°

C in one

hour, while the pressure increases to about 60 psi (3,102 mm Hg).
After holding the mixture at about 60 psi (3,102 mm Hg) for about

40

30 minutes, the pressure is slowly released. To accelerate

polymerization, the system is placed under a vacuum of 500 mm Hg
for 30 minutes. The polymer is then extruded under a positive ni-
trogen pressure and cut into chips. The chips are washed with hot
water (about 90° C) and dried in a tumble dryer. The amino end

45

group content measures about 65 meq/kg.

group content measures about 41 meg/kg, and the carboxylic end
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C~nt! 2~~~ ., ~t~~~ -27 29. The polyam de of claim18 wherein the
i nherent | y light- and heat-stabilized polyam de is selected frorr%#gf group
© consi sti Yog4I®Ton 6, nylon 6/6, nylon 4/6, nylon 6/ 10, /EXD 3¢
nylons selected fromthe group consi 38ing of pol y(net aphenyl ene
i sopht hal BxaMeOE and pol y(paraphenyl ene terephthal anide). 30. An article
conprising the inherently light- and heat-stabilized pol yam de of claim 18.

31. The a ﬁiﬁdl%gotafcﬁf‘iﬁﬂtschd’mﬂ%hﬁéf'/if'eé'ﬂra}n'eﬁlce‘féﬁxSel ected fromthe group
consisting of fi'bers, yarns, carpets, and textile fabrics. 32. The article

of claim31 whereln the artlcle |s a plffgrrente flber 33, The artl%le of
clai m 31 TRerRSSHIERBI RYI & POLYMEYe P Hygpples 1 through 3 are eac

A A&S. A ey yliedAat AR 6 Ry2 1R °AS3. 'Nle .exspuded . A&alNNESAﬁreAcmldﬁ{ranAESAA%
A[L.A . Aildifleﬁ&b |ﬂ{§k£§dﬁ'of quench air at 15° C. The filaments are lu-

. BCcd) UXH&i & Lcﬁ falcal equk\%@] SB&C Eaeal cal cal ¢
aJ calca]calca ca a ca ca
zupkf ai civ rté 5];8 1t‘}:a]c'd?a]ﬁlca] calc
aJcalc }{% RIQLC AL cﬁP‘é  JrEH t@£ he yarns ar
XYbcqt | wdmmf]p]rcarcu}mrtm] @a]icaljlcaL}WU]r@a]lea'}'@an]eﬁa]fca}\calpwt} chal0c&pca] ca] c
a] ca] ca] capewd @aBcal ca] cal ca] ca] ca] ca] cal ab{| 2378?@ ae34>?} xsni d_Z]]] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca] ca] g!! "~ _#gytoj e ZUni d_Z] cal ca] ca] ca] ca] ca] cal] ca] ca] cal] ca] ¢
a] ca] Cil%’] %ca] cal] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] caUca]c"al]c"a
#%4:
(/- % }\(/\}ﬁﬂk{“l.’ljné 2Enferungdk rd 5EpR aJWRAS caU] cal] caU] ca] caU] ca] caU] cal] caU]
(ca] ca] caU] ca] ca]cal] ca]caU)ca]c alc
a] cal] ca] vré oalree] Gahaal :0ExbAPR34T) KWKER leplespd Tvivsisd oF Taikempd éalicLa] cal] ca
Jcal ca] c &ﬁjhcg] SE‘LCJ@MQ?J&? iakeaklicad catlecaUradd saikcadcalirdd Gakcal caj ca

] ca] cal a cr%]a ca
IIIIsu b WA c% CEL Q81 S B UPE of BRT RS U ca] ca] ca
] ca] ca] cg ca]’UﬁT Ej’:ﬁa‘ U}%ﬁ%} }‘ lff Elngngf aglnt lé"a{] 2 cel

" +HOH# Q33w 900086 Yemsay YUt & fa] ca] ca] ca
] cay] ca] caizr:@m:abwa] ta&na]ccm.]wabyaim}ﬂmﬂm] ta] caiwa] spjoafialstaldnsa) ca] ca
cal] cal] cath can¥¥hARa &kl e’ .’ 'Thet thfdd (Maitte)) tudas )ate* then exposed in
+~xr myRE XA ddCh¢at Cpd el ﬁéﬂﬁ@éﬂd}@ﬂas‘r@] Eél:':J]'Fo%] aehesal«}@i qasﬂ)cahcaU] ca
o colcpippdel ahsonsloglaameel Al ot rott i e
“le---GHNh LT ca ca] cal] c
a] ca] ca] cﬁTc%ﬂch]lééf’J] 'E%"]t'ca{eé%‘loéa] The ¢ c;l E% c"’al’]eca‘]e SPE ‘]‘ §

_ 1 OLOOOO DO DB0PE exposure for ye low1ng on an ACS Spectrophotometer

151q1r 111T2d Z¥2RA(B2 222  wey exreVahnédsure/ df] yed] cwadren] @aahtahbr avdioalpta] cal]
ca] ca] ea] ¢alde akdkeablea] £ aaallpea) ealadllecabhe atdfiate” 3t €hese expo-
a] ca] cal] ggﬁé,] %éﬁ4§} Cﬁ %3§§3ﬁfr§55155§ﬁé55é5a5§6&1@6%&9&9“&& Wheal call c
a]caLﬂcajg we ent ﬁ%agh8§§l acid@ (control I) and 0.57 weight
percent terephthallc acid /0.27 weight percent
4-amino-2,2,6,6-tetramethylpiperidine (control II) yellow signi-
35 ficantly more than the tubes spun from 0.57 weight percent
terephthalic acid/0.27 weight percent 4-amino-2,2,6,6—-tetrame-
thylpiperidine/0.32 weight percent 4-carboxy-2,2,6,6~tetramethyl-
Piperidine (invention).

40 EXAMPLE 9
Heat Aging of Yarns

Another set of knitted tubes made in accordance with Example 8

45 are exposed in a forced air heated oven at 170° C for about 23
minutes to determine the relative vellowing between the different
yvarns when exposed to this extreme condition. After this heat ex-
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a] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca] ca LR
68696 66677! 88899+9, 989}9999%: +:-:0:8: EG R \:::zuojd Zthij,E}{@,&% cal ca]
caU] ca] cPEYIEU) ca] caU] ca] cay] caU]iQU] ca] cal] caU] caUl ca

U\/j caU] caU] caj caU] ca] cal] caU] ca] caUj€aU] cal ca:
MDE ep&m@«e<measured for yellow:.ng on the ACS Spec-

2771 @@ (V NEL
U cal c %{éﬁ%ca CM g!a f:)]a l[ulé Q] ﬁ eaﬁcajcgﬁi?a%iﬁqaa]agaa]a

cal] ca
U] bEDbEEEEEE = EHE}'M’kethPSjtébFLﬁﬂ% W-'B’“Y%r AU airtaBpEaU] cal] ¢

aU] cay caﬂﬂ@a}eaé@bmwa@ad}’@au ceedjahgUberedntadanthead )| 28 Jbcaecrat cal] ca,
Ul cal] calfemipabl e bqdRER2F @D et fidriceht FH-dEiidE)y 92 22 8 ¥ -adetifalfi2KI K~yt ni d

]YTI (LjJ]A YSi ghdigabbedagad Caliddks8h ¢ @ﬁlé]»@aheﬁé %%Cﬁkff% %&‘&%ﬁ‘gﬁ%ﬁ& <F:)
al ca éiié*” i
hPPEQ—%@%&%@@%p T (E:Vylé% %E&]& aJca] ca] caU] ca] cal] ca] cal] ca
] caU] ca] ca caugca] cal] ca] cal] ca] caU] ca\/] ca
W] caV] cf ‘J@é@ a] ca] ca] ca] ca~VWWNNWMXZZ r* u” aTaWabb/ bJbd] e ehhii ckfkl 11 mm v
gl fa\Wd"YSi dU]]]ca] ca] caU] ca] c
a] cal calisdd aglhag] cvéd vadina) cotl sedwredkant eadlivaghsal cal cal ca] cal ca] ca] ¢
alUl calgal caV] c"amm<p>p?qqr " r sRsssst vt } UUEVKVT vi vvvwvWnyyy| } } 6} ~yt ni d*YTi
dU] ca] cal ca] ca] cal] ca] ca] ca] ca] caV] ca] ca] cal caV] ca] caU ca] cal] ca] cal] ca] ¢.

Oa/] C?II_C%LBJ] sahpad ca] cal c"a] cal cal ca 1 Delta b* Value
Ol ba sar IR g e A e B S R Ty oy o o ool ea
Aqt ~1 <Dwg @pk7° ‘[’M%’I’]%]R%‘FG&U] reniitedlica %@A]Oeéﬁcu chficalcaU ca)lcd]calc

aU] ca] za]| ea¥ea e dUjeadpeal) ¢ of ] tedrametkvlnivgradeine
Qrz_f me) \|{(BpperI«/idd] c] ca] ca] ca] cal] ca] caU] caUl] caU] ca] ca) ca] ca] ca] ca] c'"faUu] ¢c"
a] cal] ca]leaks aférronlgeakeal) catdpnthaatcatical.oal vadc 2.6
JUg3n| "F{ pakeed Xl leaheak ¢ 2] € -calreaheaheplipaleal cal ca] fa] c”aU] ¢ a] ca]fca] ca
| ca] ca] cqdhenakea] xnwedAlad] pat €l al-cakbake- U], 6,6 -tetra-
al | #<[ ) 1mkxBpigh pddicHnea)(ERdmslle d))ca] ca] ca] ca] ca] ca] cal)] ca] caUcalc gU] c
a] ca] c2g calcaorcarcaljcajcarcajcagrcalcajcarcarcare al
)z_}xsnid ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] c alc

a] ca] ca] cafca) ca]cajcalcalc alc

a]ca]ca] ca]can{:dB' N 10%&' ()-Y! Y109%&' ()-L!10%Z& ()-3!10%Z& ()- '10%& ()-"9
10°/<Z&' ) -%ﬂﬁ;ldx}lzk’é’t&@fﬂ:ﬁf/&' ()-

0:'10%' E& ()-'a0: " 109%& ()-!p:"' 109%B5& ()-!10%Z& ()-!'0"' 10922& () - YVRK t w4

{3&)&%8’;%;2‘9 : BN U e e s i B
|Osye100 VS o ReRa o g PV Y SRR (- ABPTDBGEEOive
1002& () -Beagijiasx| shades (pf green; 1998% @P4) b‘i’(ﬂ) () Tow eaiAg eFS oy
9#10@@ A qug.lnyag#QQg@dye(&1@yorag@®@p4u51ng the following: 0.5 percent
+10% %%)ewﬂVlBﬁh%ft&lé*)r Ed:? O &&@%mgﬁéis)rdu%n&l@ﬁﬂ%x(eﬂekhﬁ&@%é’t(le&f@bm F109%&' (
1- Sos " Eﬁh&k&"é&‘&léhc, ;%:Lc 1%(ri9¢§erlcexﬂﬂ%§§ ﬁ%ﬁfﬁal ioa/ﬁf;ﬂé‘x(d%r%;) oum)l S2100¢
0

& ()- I33'1 ? ﬁ QgY %xv4d¢ (;S%S# %g%;g%& ()-
Sl 0vee lqnsa 6%3 @ %n R1OU% . BERIRE 10 ek
XOY1&10% ) a,§1&15 yger3 rq& an Emulsions Company

of Dalton, Georgia). The dyebaths are adjusted to a pH of 6.5

w:.th acetic acid and heated to 95° C at 1° C per minute. The dye-

baths are run for about 45 minutes at 95° C after which they are

cooled, and the dyed samples are ringed and dried. The following

dyes are used to formulate the dye shades: Intralan® Yellow GRL

45 200 percent, Intralan® Bordeaux RLB 200 percent, and Intralan®

Bordeaux EL 200 percent, Irgalan® Yellow 2GL 250 percent, Irga-
1an® vellow 3RL, Irgalan® Yellow GRL 200 percent, Irgalan‘D Black
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i&ﬁéwﬁ?% gjﬂ% %)@@gﬂceenu.omgm@w OB/t 02829 ﬁdr&%&lpf@)a@ap%ﬁ&%g% 6& 0-

|YX 10%: (Brictmy RU0IGD (jedos LA 1rigada8T88IHTDShBY gr}&eﬁ&ﬂlnﬁﬁﬁ%’lﬁ-

10y, 8 10%&'HYe £yadIOLE (%:YeMIB?t Q%&u(igcais S {Da SN2, High Boint,

1& () - @ nlQpsss§ é%.f?lrggl, %E‘&Ié al%{?ﬁ.é }'Wlé@&"%?h%a fyom Clariant

W0% () % CEOME 1) L% ()1 PrLOYE: ()- @i mj 2 TDOY 97810% &0

*8100& ()~ 1cOy" " 109& ()-s!y"" 109%& )-sy! 10%m& ()-!yvi08 8 & ()-

?; ﬁ} ?"/f" '(' %Aéwé:g%seiégm%tg&m%yiﬁs( hre(lﬂe;iged@09_9§é§ﬂcg%&e( bye' POSREL0% () -

Ps*&10%& (Fastheder it iespBllté HDESALIYE d65 Xenon-Arc Weather-ometer®
for 112.8 kJ, 225.6, 300.8 and 488.8 kJ by the conditions speci-

10 fied in the GM SAE J1885 Test Method. The strength of the yarns
raveled from the knitted tubes, as well as the strength retention
of an original dyed, non-exposed sample, is measured before expo-
sure and after each increment of exposure. These results are
shown in FIG. 2. The results indicate that, for each of the dyed

15 shades, the sample with 0.57 weight percent terephthalic
acid/0.27 weight percent 4-amino—2,2,6,6-tetramethylpiperi-

( dine/0.32 weight percent 4—carboxy-2,2,6,6-tetramethylpiperidine
(invention) has less strength loss than the controls (0.15 weight
percent propionic acid and 0.57 weight percent terephthalic

20 acid/0.27 weight percent 4—amino—2,2,6,6—tetramethylpiperidine).

While the invention has been described in connection with what is
presently considered to be the most practical and preferred embo-
diment, it is to be understood that the invention is not to be

25 limited to the disclosed embodiment, but on the contrary, is in-
tended to cover various modifications and equivalents arrange-
ments included within the spirit and scope of the appended
claims.
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R;—N

R¢ Rs

wherein R, is hydrogen, benzyl, or a C,-Cy alkyl, R2-Rs are each hydrogen or the same or a
different C,-C¢ alkyl, X has n free valance bonding sites and is an alkylene or substituted
alkylene having from 1 to 30 carbon atoms or an arylene or substituted arylene having from 6 to
20 carbon atoms, m is 0 or 1, -C(O)-R¢ is a group that can form an amide bond together with an
amine, and n is equal to 1, 2, or 3 and (b) an effective amount of at least one 4-amino-2,2,6,6-

tetramethylpiperidine compound represented by formula (II):

NH;

CH3>E5<CH3 (IT)
CHj N CHy

R7

wherein R is hydrogen, benzyl, or a C;-Cyp alkyl.

2. The method of claim 1 wherein R; and R7 are hydrogen, R,-R;s are each a methyl group,
R is a hydroxyl group, mis 0, and nis 1.
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5. The method of claim 1 wherein the polyamide-forming monomers comprise caprolactam
monomers.
6. The method of claim 1 wherein the polyamide-forming monomers comprise at least one

diamine compound and at least one dicarboxylic acid.

7. The method of claim 6 wherein the at least one diamine compound is selected from the
group consisting of hexamethylenediamine and tetramethylenediamine and the at least one
dicarboxylic acid is selected from the group consisting of adipic acid, sebacic acid, and

terephthalic acid.

8. The method of claim 1 wherein the polyamide-forming monomers comprise dicarboxylic

acid diamine salts.

9. The method of claim 1 wherein the polymerization process is further carried out in the
presence of at least one chain-regulating compound other than the compounds represented by
formulae (I) and (II).

10.  The method of claim 9 wherein the at least one chain-regulating compound is selected

from the group consisting of monocarboxylic acids, dicarboxylic acids, amines, diamines, and

combinations thereof.



10XX 10XX¢hYZ[ [] QWUBXV4 1110° ' 10% /& ()- 'w0 "' 10%=& ()- !0 ' 100483 02
1°° " 109%& ()- ')0I' M 10%& ()-T! 0l M 10%WE ()-TQ'__p" aabwX6xV4
. 111106Y"10% : & ()-36Y"10%& ()-3!60/*10%& ()-g!6/*10%& ()-g!)0 "' 109%& ()-
1$0° ' 10%& ()- bbbbb/bJbJccrP1 10&10%& ()- ! +&10%& () -
I'$"109& ()-'109& ()-3!'Y 10%& ()-3 10:: 10:: 10::cd]e edf ghhzX6rP1
11 vOSl ' 10%EE& ()-!1h0SlI ' 10%8! S! & ()-! Sl ' 10%@@& ()-" Ss"10%& ()-!Ss"10%

;& ()-10&10%& ()- hhh*iijklzXérP1 4.
111 Of & 1098WN& () - g! vOf & 10%@L @& () - g'2| Of & 10%EE& ()-g! Of & 109N Ni & () - g! Of
& 10% 1 & ()-gf & 109%K&' () - gIIIIIIIrmuV4 11 L' 10%pé& ()- al 109%& ()-$ 10%& ()-!
" 109%& '100/&'( 1QNN 10 ONNMmo?qqar swuduv4 1! 0f ;. m' 10%44H& () - z! f
m' 1 O%&f%) z Iheype hfé%@é@l éﬁremlwx7 t)onf-*d¢ a“ﬂ?%[?& omppundggmprises

& ()-s Of 2* 109%4HH&! ()- f2*10v@z ()-IOy g#10%&' ()-s

y* g#loﬁ?}ﬁs&zﬁér@dﬁ%él’%ﬁ /(%%Lé ()-f' 1098& () -} uBvOVDVEVKVi vvVOP/

f SS#10922& () - Oy! 10%&' () - Z! uy! 1090 % & ()-2'"10%& ()- 10 10

10! SYOf 2* 10 Pzz[ 90P/ S#lO(V (

Tov (121 { of Besial oK R 19 vhsetn e $he ot o acls b aglpgteg fromtte
group consisting of C4-Cyy alkanedicarboxylic acids, Cs-Cs cycloalkane dicarboxylic acids,

benzoic dicarboxylic acids, and combinations thereof.

13.  The method of claim 12 wherein the one or more dicarboxylic acids is selected from the
group consisting of adipic acid, terephthalic acid, sebacic acid, decanedicarboxylic acid,

isophthalic acid, and combinations thereof.

14.  The method of claim 10 wherein the at least one chain-regulating compound comprises

one or more diamines.

15.  The method of claim 14 wherein the one or more diamines is selected from the group
consisting of C,-Cys alkane diamines, Cs-Cg cycloalkane diamines, C¢-Co4 aryl diamines, and

combinations thereof.

16.  The method of claim 1 wherein the polymerization process is further carried out in the

presence of at least one pigment.

17.  The method of claim 1 wherein the inherently light- and heat stabilized polyamide is
selected from the group consisting of nylon 6, nylon 6/6, nylon 4/6, nylon 6/10, and aromatic
nylons selected from the group consisting of poly(meta-phenylene isophthalamide) and

poly(para-phenylene terephthalamide).

18. An inherently light- and heat-stabilized polyamide comprising:

(a) a backbone polymer chain having two chain ends;
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wherein R, is hydrogen, benzyl, or a C,-Cy alkyl, Ry-Rs are each hydrogen or the

same or a different C,-Cg¢ alkyl, X has n free valance bonding sites and is an alkylene or

substituted alkylene having from 1 to 30 carbon atoms or an arylene or substituted

arylene having from 6 to 20 carbon atoms, m is 0 or 1, and n is equal to 1, 2, or 3; and

(c) at least one 4-amino-2,2,6,6-tetramethylpiperidyl radical chemically bonded to the
other end of the backbone polymer chain of the inherently light- and heat-stabilized

polyamide, the at least one 4-amino-2,2,6,6-tetramethylpiperidyl radical represented

by formula (IV):
CH3 >C5<CH3 (IV)
CH; N CH;

wherein R7 is hydrogen, benzyl, or a C-Cj alkyl.

19.  The polyamide of claim 18 wherein R; and R; are hydrogen, R;-Rs are each a methyl
group, R is a hydroxyl group, mis 0, and nis 1.

20.  The polyamide of claim 18 wherein R; and R; are hydrogen, R,-Rs are each a methyl
group, Re is a hydroxyl group, mis 1, X isa CHy, and nis 1.
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° 52 ’P e polyamide of cfzf.um 23 wherein the one or more dicarboxylic acids is selected from

the group consisting of C4-Cy¢ alkane dicarboxylic acids, Cs-Cs cycloalkane dicarboxylic acids,

benzoic dicarboxylic acids, and combinations thereof.

25.  The polyamide of claim 24 wherein the one or more dicarboxylic acids is selected from
the group consisting of adipic acid, terephthalic acid, sebacic acid, decanedicarboxylic acid,

isophthalic acid, and combinations thereof.

26.  The polyamide of claim 22 wherein the at least one chain-regulating compound

comprises one or more diamines.

27.  The polyamide of claim 26 wherein the diamine is selected from the group consisting of
C,-Cys alkane diamines, Cs-Cg cycloalkane diamines, C¢-Ca4 aryl diamines, and combinations
thereof.

28.  The polyamide of claim 18 where in the polyamide further comprises at least one

pigment.
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29.  The polyamide of claim 18 wherein the inherently light- and heat-stabilized polyamide is
selected from the group consisting of nylon 6, nylon 6/6, nylon 4/6, nylon 6/10, and aromatic
nylons selected from the group consisting of poly(metaphenylene isophthalamide) and poly(para-
phenylene terephthalamide).

30.  An article comprising the inherently light- and heat-stabilized polyamide of claim 18.

31.  The article of claim 30 wherein the article is selected from the group consisting of fibers,

yarns, carpets, and textile fabrics.
32.  The article of claim 31 wherein the article is a pigmented fiber.

33.  The article of claim 31 wherein the article is a dyed fiber.



