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| NHERENTLY [W@BW4128ND HEAT- STABI LI ZED POLYAM DE AND METHOD OPCiiP99/00938 NG

THE SAMVE 5 Description This invention relates to pol yam des. More
particularly, this in- vention relates to inherently light- and
heat - stabi | i zed pol y- am des and to net hods of maki ng such pol yam des.

Thi s i nvent ISHERBNELYS 3. IGET at 2D tHEAZT $TAH B4 ZBD ORPRINAMTDE ORNTS METHED| 9RINAIES .
Pol yam des &eNd THE dlagieade when exposed to |ight and/or heat. For

exanple, the amno end groups (i.e., the primary dye sites for acid
dyes) of 3 pakyg 'Ldieo are reduced during nelt extrusion of 15 the pol yam de
and during exposure of pol yam de fibers or other pol yam de articles to
l'ight and/or_heat. In addition, polyan de fabrics such as, for exanple,
carpets and Thégtinesntipnchelrtias to pelrandyed. vilare pertiiulazilyssebinfimyes,

| ose col or aeuticwerelfaces to edhesedtlyp liighht aidlheatheedbild@ed poly-

Fulrt hez3 ”Drgamﬁ.ﬂeshs&ﬂi tb?ﬁé@i&i@%f?ﬁalpﬁ{@’%]gbﬂeﬁofﬂ[éﬁﬁd§§z s 1 v%?:{ml e, -
nyl on ; e In ap- .. plications. For
exanpl e, %@u?rﬂ%g%lgt S?eztég 0 lcB’o yggn&ﬁley-egog%%ﬂg-guc;ﬁ ?ggax%léireﬁét s, yarns, and
textile fabrics and in certain heat-set- 25 ting processes and end-use

appl i cat i onEol¥pBiAasateRrf bR cieggadarwhen gbesedntp daghl anddbreheat e Ryr,

oxi dat i ve/ t esample ddinegenidhesd growsobilices, nehe prinkye d@anisingsusor
filaments oacséaptes)f bbesspolyamiaSt @kd lcagrsa hama nBersn 11s8@ ruei bAyoOve the
heat r esiis! aREepolyaid aRObIEES5, TioslrAOLLI SIantRY bE,Aded Delgre

during, or . 1. Ral rizatLon, and eve sl ate rocess] ng
stage. The 8££§%)I?1l\/deentafg%§fe§<ﬁt§ 1gb e gAY 2&r eag?‘e Iﬁdﬁﬁi;’e@%'tﬁo}:ﬁ%‘mﬂﬂ ymer
and are hBPTHOURELo2E hef Fo APl hsemPethansk SeBtilrg WhdChriressi ng
or use of theepoixashividth cértadmablassesy ofcdves eddiskycoiar amd bafe 3theaf the
pol yner, evapposdd, toollifkt variyed hedt. Thi s nmeans that the activity of
t he st abialpi zation is reduced in an undesired manner, and inpurities are
rel eased to ungy (e i1, e bath, etc.). 40 Certain
copper st abi ?‘?“%‘ﬂ#&ve@%@%ﬁe teg%s%sg%;éz S |g¥l‘%°rly§ﬂ“rl%ﬁ§ Suc‘i‘ef‘tsr uPon or in
the dye bat FFFP ]nf‘#?’é AR RY Y8R R fradit Foh sutfdGienty fogpE8EFRLR @B i ght
and/ or heat P1YFR S 9FBacFPE eexIBhey efuring the efofrimgi 0€, paliverdAbscertrdessi ng,
and pr esent 8imhdarpetrent pdrpr,0and textile fabrics and in certain heat-set-
25 ting processes and end-use applications, chemical changes occur
which may cause problems, e.g., oxidative/thermal damage. These
problems may involve continuous filaments or staple fibers.

Stabilizers have been used to improve the heat resistance of

30 polyamides. The stabilizers may be added before, during, or after
polymerization, and even as late as the processing stage. The
conventional known stabilizers are admixed with the polymer and
are not bound to the polymer chain; therefore, during processing
or use of the polyamide, the stabilizers can readily migrate out

35 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, etec.),.

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.
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Appl i cat ivwo opgrabal Nunber 09/ 044, 031, which I S assi gned pEr/EY900932
Corporation, relates to a process f0é maki ng stabilized sol ution-dyed
[

fibers by rrel ting a polyam de conp am de nononers pol ynerized in

t he presevritast S&?tﬁéa%%t%AHPhﬁ%atl@nr g&%ﬁ*béﬂ"@ﬁﬁe%b@ﬁﬂo&i’d awaield| oring
t he nel t etls podsjigmedetoi BABFa Corpeniiokamt relates Wi megdrSted e foRameking

Appl i cat i g¥arsarizald BUDbETor33y8A4f Beks WY fBlting & PSSy ARELE Tc.@me\f-Elrg
Sﬁgfggﬁt 'm&ghdé ?r!oﬁbﬁ§r§ Op&ﬁe%gé& 10Ty 5??5(&%% ro'fnglt:'.I ]éeast one h *hg to a
dye batﬁ %i‘?a%edrlgl{l?ccfo Ogma %ecg% g?}1 Ie pro- a%nﬁag?%ﬁﬁifp t}t?cal Iy
pol ymer i z%‘ﬂl‘?‘??ntthe presence of wat er and a hi ndered pi peridine derivative
and, in the dye bath, dyeing the shaped article with one or nore

nmet al i zedUMteﬁ)tsmatahiEmbrachlﬁcmam Bkksal NumbérPCE/&pp|3iegt whilch
Internati p@aass%%ahacaélmﬂ@orsgéa%%/r@iéé&s to GCpELLEEES &r bRBgLently

;gab' ! rhggglerggg \ﬁ%gb ﬁexﬁﬁﬁ]fﬁgls@?b% | $2Y ny1 9% drlpoREE1 908 LHndiT 0g, §°]”p°U“d
30 whPBHRE at fyHhaReS ot gtods P&%Vr‘lﬁpil%‘t?éPEBn

at ons, orl%F‘}féHszﬁPbYﬁblcaFHé' PP WHHRS dPaineresepeanet waFex andpri mary
am no gr oupnderePpipkuidirendesiviative andl, borytlendygr baph pfdyeinighehpol yani de
nol ecul e ghupay apelyIenrzE ione, ot hisrd eiedelisgd tdie ndhmeed ViRda hight and

heat stgbhfestili@savail abl e carboxy end groups of the polyam de determ ne
t he anount of the one or nore triace- tone di am ne conpounds that may be
added.

A PCT application, International Application No. PCT/EP 95/01349,
describes an inherently stabilized polyamide containing at least
one triacetone diamine compound

20

represented by the formula

NH,

|
25 CH3>Ej<CH3
CH3 ll\T 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 (-NHz) 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-ol (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 polyvamides.
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An essay in Poly. Deg. and Stab. 21, 251-262 (1988) describes how 40 the
| i ght st abi Wt99/4t$7pol yarni de 6/6 is i nproved by adding PCT/EP99/00932
2,2,6,6-tetramethyl pi peridin-4-ol (T . In a recondensation of t he

TMP- tain] /. th 75
atmospher e BCAGEE, BObE S CAPAL BATATE BPOThAoREaAnaideRr bR ont e
reacts withteFe GQPﬁﬁx?Fllén&eﬁﬁb%pﬁé’m@f PF?@% yanbﬂ&lss%ved or impro-

3 Al t hougedprior stabilizers are known to be considerably satisfac-
tory, there still remain some problens to be dissolved or inpro- ved.

5 It has goyt g ndirscameiBdcbhdtedPehiemdoBantilat &f [rBeifMlsht1y Stable
agai nst |1 gghb%d QSﬂSHMB‘E R é)\ﬂeg%dﬁngg ?Dogmiager oll%?éé’%n e-form ng

nononers in rd ne conp

repr esent edeacmréle‘r’ prming mop ‘f‘%s) 1pgthe presenck [er r] 15
wher ei n R e?% ] {d)s aiyHeatfe®nebpipgridige gomgpamnd) repeesanteikhy tTFq dorT-Rerr]
are each 20miedr@yen or the sanme or a different Cerr]-Cerr] alkyl, X has
n free vag | ance bonding sites and is an al kyl or substituted aIkyI

havi ng fromabout 1 fo about 30 rbon atons or an aryl or substituted
aryl having from about 6 to &8ow: 20 |carbon atons, mis 0 or 1,
-C(O-Rerr] is a group that an am de bond together with an 25

amne, and n is equal tjo 1, 2, h) at |east one (1)
4- ami no- 2, 2, 6, 6- t et r anett h§d-pt Ber i p ofgeuhP)r&er esent ed by forml a
(r): 15 [err] 30

wherein R; is hydrogen, benzyl, or a Ci1-Cyp alkyl, Rz-Rs are each

20 hydrogen or the same or a different C;~C¢ 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{0)-R¢ 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 ocne
4-amino-2,2,6,6-tetramethylpiperidine compound represented by
formuia (II):

NH
30
CH, CH; (1I)
CH; N CHj3
R7
35

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

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

a backbone polymer chain, at least one

piperidyl radical represented by formula (III):
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35 wherein R err] is hydrogen, benzyl, or a (err]-Cerr] alkyl. . '
Accor di nolp.99are7 enbodi nent of the present invention is dirCUERS/0MB2t 0 an

i nherently light- and heat-stabilized pol yam de conpri sing a backbone

(polyrrer chain, at |east one pi pefi dyl radical represented by formula
[11): 45 4

[err] 5 10 ' I b hydrogen, benzyl, or a (Jerr]-Cerr]

alkyl, Rerr]-Rerr] jare ea 3 Fogen or the same or a different

Cerr]-Cerr] alkyl, - | ance bondi ng sites anlg is an al kyl

or subsfituted al kyl bouk) Lcte)yabout 30 car bdrF Xt ons or an

aryl or“substituted fom about 6 to about 20 carbon atons, m

is 0 or 1, 15 and n i|s equal P, or 3 and at | east one
4-amno-2,2,6,6-tetr ' [ radi cal represented by for- mul a
(1v): [err] 20 25 wherein R7 is

hydr ogen, benzyl, or a (Jerr]-Cerr] alkyl, wherein the one

10 wherein R; is hydrogen, benzyl, or a C3-Cz¢ alkyl, Ry-Rs are each
hydrogen or the same or a different C1-Cs 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, !

15 and n is equal to 1, 2, or 3 and at least omne
4-amino-2,2,6,6-tetramethylpiperidyl radical represented by for-

mula (IV):
NHe ' @
20 \
CHs _ CH3 (TV)
CHj N CH3
Ry
25

wherein R; is hydrogen, benzyl, or a C;-Czo alkyl, wherein the one
or more piperidyl radicals of formula (ITI) and the one or more
4-amino-2,2,6,6-tetramethylpiperidyl radicals of formula (IV) are
30 chemically bonded to 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




. or

nor e, pi peri dyl
4- am no- 2, 2W0,9841297 r anet hyl pi peri dyl

radicals of formula (111) and the one or nore
radi cal s of formula (| VPCTERI/EEP2

chem cally bonded to the backbone polﬁger chain. In the present

i nventi on,

formula (111) and the qne or
~radicals of formula (I'V) to g
pol yam de wi th i nherent|,
In a second enbodi nent,
meking angi nherently i
| east one pi peri dyl

at
5

benzyl, or

sane or a different (Jer]-Cerr]
sites and is an al kyl

al

30 carbog0

about 20 c

| east one
[err] 20

15

20

25

30

35

40

45

t he chem cal bonding of the one or nore piperidyl radi cal s of
nore _4-am no-2, 2,6, 6-tetranethyl pi peri dyl
the bgckbone pol yner chain provides the
dilt-lin, light- and heat- stability.
nt ifnvention is directed to,a met hod of
St afixi] | L@ ash epOl Y- am &EIPorrpri si ng
mula (I'11): 40 45
5 10 wherein R err]
Rs R Grr]-Rerr] are each
alky], X has n free va- | ance bondi ng
or substituted al kyl having fromabout 1 to about

U1 Qf gﬂ&sa%x,}aggge%g Retbiut ed o cgrdzloqiggﬁng Rfiiﬁga%goagcﬁ to

el 1 d t 37and at
iy dEogen Bt £he sage, of (3 Efr?%?‘bgﬁ:”gifa & A “%S?i%ﬁﬂéaq? | V)a:

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,
and n is equal to 1, 2, or 3 and at least one
4-amino-2,2,6,6—-tetramethylpiperidyl radical of formula (IV):

35 of

r adi cal
[err]
rr] al

i s hydrogen,

a Jerr]-C y hydr ogen or the

NHe
CHj CH; (IV)
CHj N CH,y

Ry

wherein R; is hydrogen, benzyl, or a C;—-Cyp alkyl, wherein the
radicals of formulae (III) and (IV) are chemically bonded to the
backbone polymer chain, the method comprising subjecting poly-
amide~forming monomers to a polymerization process in the pre-
sence of an effective amount of at least one piperidine compound
of formula (I):

Rz R3

I

R;j—N L [XIn—C(0)—Rs D
Ry Rs

-—n

wherein R; is hydrogen, benzyl, or a C3-Cy¢ alkyl, Ry;-Rg are each
hydrogen or the same or a different C,1-C¢ 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(0)-Rg is a group that can form an amide bond together with an



25 wherein Rlerr] is hydrogen, benzyl, or a err]-Clerr] alkyl, wherein
t he r adowoeslom1zs7 fornmulae (I11) and (1V) are chem cal |y bpeTEeR%09932he
backbone pol ynmer chain, the method cgnprising subjecting poly-

am de-form ng nononers to a _pol ynerjZatign process in the pre- 30_sence of
an ef f ect POERSMERG% 2ot S 8YFasl dne? piFeri Bgﬂea’bcﬁfﬁ&ﬁﬁﬂve oungy R At (1) :
[err] 35least ong)4-ambeeed 2.8 Ere¢tranathyibiperidige, ppmpejndg of EPET- Clerr]
al kyl, R anta-&mBrr] are each hydrogen or the sanme or a different
Cerr]-Cerr] alkyl, X has n free va- | ance bonding sites and is an al kyl
or substituted al kyl having fr about 1 to about 30 carbon atons or an
aryl or substituted 45 aryl havi %f rom about 6 to about 20 carbon atoms, m

is 0 or 1, -C(O-Rerr] is a group that can forman am de bond toget her
w th an CH3 CHj 6 afyme, and n is equal to
1, 2, or 3 and an effectiVﬁHa ol | east one

4-amino- 2, 2, 6, 6-t et r anet hy["p? peri|di ne "¢onpound of for- mula (I1): 5
[err] 10 Ry

wherein R; is hydrogen, benzyl, or a C1—Czp alkyl.

15 In yet another embodiment, the present invention is directed to
polyamide fibers formed from the inherently light- and heat-sta-
bilized polvamides of the present invention.

Thus, it is a primary object of the present 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 polyamide.

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



whetein R7 is hydrogen benzyl, or a Cferr]-Cferr] alkyl. 15 I n yet

anot her enbW@i9EIRY7 t he present invention is directed to POITYERSP/0e93% | ber s
formed fromthe i nherently l'ight- and heat-sta- bilized pol yam' des of the
present inveption. t of the prese | nvent i on
o provi de b %9 1went 10 4a. drtSeded ”gfixp‘tﬁ 3 L RBRER AL E plenouas

stabi | i zi ngand e BhERFRELATS  cRedi HiatjopenRFivalenes paflafitgher ap-

Anot her obj pticafidniseopr remrinairits of ithetinvensiodedizamstskddané con-maki ng
a |ight- andetigpdtest abi Wownrdl npehy a1y de:coietidhd BE 6i<ﬁbiary25kiiziﬁg_the
conmponent § gre hemiea! tie DORLEGH LR JdiraRRLYam de. A further object of
the present i1nventionis to pI’OVI de pol yam de fibers formed from maki ng
a light- and heat-stabilized gam de, wherein the stabilizing

conponent s é?e“%“??er‘heféi“l‘wlb%haéa £SF 150 the PRIKAAYAEE of thlSTh%V%Fb"o\%"and

ot her obj ectbe tdecishetentilyr déghtmdinddiant ay@bidized” mieangr thehntthe

i nventi on wiiéhtbeemdehant-estapiaientafa bmilheidtal khe polyamigedetmidtethr

descri pt i@nyw8fad hankr ebrsschtamongdt Riaet bk §RflyarPadarigheul eﬁa Ynethren
viewed in C? #{Ftée%ha%t({}rénn_%aif %G}?dé‘é' @ {( tbacléggrge fpolgmer 1%1 L ' S a
ra T t

graph illus f scqure Ter exposure
in a weat heF B?re? 7%tl"rf’6u an fgprelypp %qléyaa@”d‘pﬂ’il WFFHSY’IF%U ng the
per cent strEﬁbYﬁmrd@t -ai ned for “sol uti on- dyed yarns after exposure in a
weat her onet er . To pronote an understanding of the principles of the

present 18- adSuaehic@8in GRS rRkpeds tf tapesdfyamiaabost MBAESiffedtion,

iw,nlv?n; Legrtﬁléé?ﬂﬂge aﬁ&ﬁ@%ﬁgé&&ﬁ@%ﬁg@@&éStéﬁ%ﬂae 3 desCkL b 1 hasame. |t
7o ThetPRuERCofHE o Tian BaCIPTits VERS dPe RIRSEIN; PR Tah e

and that al fertirondIInnd t&‘&tf*o‘?’f%m%&u?vél"erFtestraaﬁ'éPYfltI’rlPﬁéi‘dh’tﬁ radi-
plications eltdfe formntap(Bs cherheallw darfotr dibechasgidebrgr potwner chain
t enpl at edoast wehd dnherently ldghtr imi oretoftaidiiragypsl¢elrsin the 5 art to
whi ch the invention pertains.
In one embodiment, the present invention is an inherently light-
and heat-stabilized polvamide comprising at least one piperidyl
radical represented by formula (III}:

25 - _
Rs Rj
I
Ry— N L [XI1p—C(O)e (111)
30
Ry Rg

— — n

wherein R; is hydrogen, benzyl, or a Cy3~Cyy, preferably a C3-C4.,

35 alkyl, Ry—Rs are each hydrogen or the same or a different Cy3~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



As used herein with respect to the polyam des of this invention, ., the °
term"i nhavenykpot i ght - and heat-stabilized" neans that thecT/EHDgIE2 and
heat-stability are built into the polyam de. In other 10 words, the
conponents that render the polyam de Tight- and heat - stabilized are
chem cally bonded to the backbone pol yner chain of t he pol yam de rat her
than nmerely physically adm xed wi NBet he pol yam de. 15 As used herein
Wi th respect to the pol yam des of|this invention, t he phrase "both end
groups that are term nated and {lized" refers to the result that
occurs when the piperidyl ragi CHBtormula (111fT%nd the
4-am no-2, 2, 6, 6-t et ranet hylge;pér T8 ne-amadi - cal of formula (1V)
chem cally bond to the backbone pbl ynmer chain 20 of the inherently |ight-
and heat-stabilized pol yners. R71n one enbodi nent, the present invention
is an inherently light- and heat-stabilized pol yam de conprising at
| east one pi peridyl radi cal represented by formula (111): 25
[err] . . i en i r De. be Cerrl-Clerr],
SEST G vt e & e T TR P i O
P o {1 Moke Pectsrablel Grinds o %;éyw Felins Bhe 70 d ST afiee HIRREAALS ¢ o
and is an FRGRLOPE dipFmula TN A ShRyRt HeRASYgOPPOm about 1 to about 30
car bon at dhenrdnoad;, 2, 6 .fetyanstisitipgradyhryddilcali af foromlabdéLV) axtep about
20 car bon chemdtabby bbrded0tertHe lkewktbbneSpeljuadr thain of thle 3nk&skrglyl east
one 40 s anigh@-2ard it 8tbBIEI I0d RloBghheyd . radi cal represented by for-
mula (I1'V): 45 8

The inherently light- and heat-stabilized polyamide of the pre-

sent invention is obtained by subjecting polvamide-forming

monomers to. a polymerization process in the presence of (a) an

20 effective amount of at least one piperidine compound represented
by formula (I):

_
Ra Rj3
25
g
Ry N | [X]n—C(0)—Rg ()
R4 Rs
— — n
30

wherein R; is hydrogen, benzyl, or a C;-Cyp, preferably a Cy-C4,
alkyl, Rz~Rs are each hydrogen or the same or a different C;-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

35 aryl or substituted 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 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,-tetramethyl-
piperidine compound represented by formula (II):

40
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[err] : . 10 wherein R err] is hydrogen, benzyl, or a (Jerr]-Cferr],
preferably ¥ep9gR@] err] and nore preferably C2-C4, alkyl , PGIVEPS9/09932he at
| east one pi peri dyl radi cal of fornulga (111) and the at |east one
~4-amno-2, 2,6, 6-tetranet hyl pi peridyl radical of fornmula (IV) are

‘chem cally bonded to the backbone polynmer chain of the inherently 15 Iight-
and heat-stabilized pol yam de. NHghe inherently |ight- and

heat - st abi | i zed pol yam de of the prie- sent invention is obtained by

subj ecti ng pol yam de-form Ng oy rg to a polynerization process in the
presence af (a) an 20 ef f ect i'Vé~gnou ¥3 at | east onéIE? peri di ne conpound
“represent ed by formula (I)XHs N CH; [err] 25 30
"wherein Rl is hydrogen, benzyl, or Ia Cerr]-Cerr], preferably a C2-4,

“al kyl, R2-R5 are each hydrogen or tBve sane or a different CJerr]-Cerr]

al kyl, X has n free val ance bonding sites and is an al kyl or sub-

stituted al kyl having fromabout 1 to about 30 carbon atons or an 35 aryl

or substifgit@draiy/rhaxi REatdm, abesty6 6@ AUk, Q1694 D0PrereAboYB gMi s O
cor 1, -C(O yR6,i 8,2 ?r%)lq& t gga r&&[%g%gg l%madg —C bg@){dl together with an
anine, and n-i & SHuaf To 1, 253 Tt PLR ’?% ah & fefTve anount of at
"l east one 4-am no-2, 2,6, 6,-tetranet hyl - pi peri di ne conpound represented
by formul a @Ep| formgta (I), -C(O)-R¢ represents a group that can form an amide
bond together with an amine such as, for example, carboxylic
15 acid, alkyl ester, aryl ester, amide, and anhydride. Thus, Rg may
be selected from the group consisting of hydroxyl; —-ORs where Rg
ig a C1-C3p alkyl or a Cg-Czp aryl; -NHRg where Ry is hydrogen, a
C1-C3¢ alkyl, or a Cg-Cyo aryl; -NRjoRi1 where Rig and Ry; are each
the same or a different C;-C3p alkyl oxr Cg-Cyp aryl; and -OCORiz
20 where Riz is a C3-C3p alkyl or a Cg-Czp aryl. Most preferably, Rg
is hydroxyl.

With respect to the anhydride (i.e., where Rg is -OCOR;3), it may
be a symmetrical anhydride (i.e., Ryy and the piperidine compound

25 of formula (I) are identical) or an asymmetrical anhydride (i.e.,
Ri2> and the piperidine compound of formula (I) are different). A
preferred anhydride is 4-carboxy-2,2,6,6~-tetramethylpiperidine
anhydride represented by formula (VI):

30 ~
CN< et
0 0 3
NS
\/ T CH3 (VI )
0
35
CHj; CH3

CH3 N CH3

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-C3¢ 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—Cyy

45 aryl backbone wherein one or more of the hydrogen atoms is sub-
stituted with dialkyl amine, alkoxy, chlorine, fluorine, or a
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[err] w099/412910 wherein R err] is hydrogen, benzyl, or pcriE®odese] err]
al kyl . Preferably, R7 is a (err],Clerr] alkyl and nore preferably a
C2-C4 al kyl In fornula (1), é(OO) Rlerr] represents a group that can
form an agm‘tﬁ:eo alkydndPreferardy Wit bS gelasted Suem the gfowp esagilséing

car boxyl ief Ih-agialkyal kyéthagiteme, athylest,eapdamfien iand, andwydri de. Thus,
Rlerr] may be selected fromthe group consisting of hydroxyl -OR[err]

where R efyd prefé?r@d J Iiather &dmphkoy! o?r;@gl@é refyderr] ar y| -NHR[ err]

wher e e rJ y r£) rr %s] Eerr err]
aryl ; R'IL\IIif ef @F‘ Q;’%@f’g \%{ere %h%‘?l&pgféflf’ QaER ?%12: gﬁe

di f f er ent F rj aIkyI or err]-Cerr] aryl; and - OCCR[err] 20
where Rlerr] is a (Jerr]-Cerr] alkyl or a (err]-Clerr] aryl. Most

pr ef er ablThe Rolymer Szdwidmopybeess by Whibhr eisdeeilybnilbeofnrihedpirdsedt - e
where R qﬁdeﬂt&onm&ﬁﬂe]d) isl f:ré@é.‘rabl D8aAr SRk he@br HHY 46! dEn (1 -
ok R A & Bl i e

f or mul a (Pl%at é’r% é )5% fo Matd ér’rE e%f < Whmh {PP herein

4- car boxyl@%mrat?‘étl?iér@tfﬁyﬁﬁﬁ:‘ﬁerkilkfl Wé th t%mmﬂ@rlltélenr@ﬁoraés@mfeqtb\pefor mul a

(VI): 30amount of one or more piperidine[ epmpounds of3Bormula (I) and an

effective amount of one or more 4-amino-2,2,6,6-tetramethylpipe-

15 ridine compound of formula (II). An effective amount of at least
one piperidine compound of formula (I) is an amount sufficient in
combination with the one or more 4-amino-2,2,6,6-tetramethylpipe-
ridine compounds of formula (II) to render the resultant poly-
amide inherently light- and heat-stable. Preferably, the effec-

20 tive amount of the one or more piperidine compounds of formula
(I) is in the range of about 0.01 to about 0.70, and more prefe
rably about 0.08 to about 0.50, weight percent based on the
weight of the polyvamide-forming monomers used. An effective
amount of at least one 4-amino-2,2,6,6-tetramethylpiperidine

25 compound of formula (II) is an amount sufficient in combination
with the one or more piperidine compounds of formula (I) to ren-
der the resultant polyamide inherently light- and heat-stable.
Preferably, the effective amount of the one or more
4-amino-2,2,6,6-tetramethylpiperidine compounds of formula (II)

30 is in the range of about 0.01 to about 0.70, and more preferably
about 0.08 to about 0.50, weight percent based on the weight of
the polyamide-forming monomers used.

The one or more piperidine compounds of formula (I) may be added
35 to the polyamide-forming compounds or to the polymerizing
reaction mixture. Thus, the one or more piperidine compounds of
formula (I) and the polyamide-forming monomers may be added sepa-
rately or as a mixture to a reactor in which polymerization is
effected.
40
Via the carboxy groups(s) thereof, the one or more piperidine
compounds of formula (I) react with the polyamide-forming
monomers or with the amine groups of the resulting polyamide such
that the one or more piperidyl radicals of formula (III) becomes
45 chemically bonded to the backbone polymer chain of the polyamide.
The chemical bonding of the piperidyl radicals of formula (III)
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4-amino-2,2,6,6-tetramethylpiperidyl radicals of formula (IV):

30
NHe
CH3>E‘j<CH3 (IV)
’ N
35 CH3 I CHj
Ry

wherein R7 is hydrogen, benzyl, or a C1-Cy¢ alkyl. Preferably, Ry
40 is a C;—-Cig 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
polyamide-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
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St Tuted AFRyPIATGORPBIb0 L DLV LR o385 o DA LESAE BYIRETS ary)
or substi endegorkrinatigpPngherRh-about 6 to about 20 carbon atoms, mis O
or 1, and nis equal to 1, 2, or 3 and one or nore

20 According to one embodiment of the method of the present inven-
tion, the polyamide-forming monomers are composed of at least one
diamine compound and at least one dicarboxylic acid. Preferred
diamine compounds are hexamethylenediamine and tetramethylenedia-
mine. Preferred dicarboxylic acids include adipic acid, sebacic

25 acid, and terephthalic acid. Adipic acid and terephthalic acid
are most preferred. Alternatively, the polyamide-forming monomers
may be composed of dicarboxylic acid diamine salts.

According to another embodiment of the method of the present in-
30 vention, the polyamide-forming monomers are composed of capro-
lactam monomers, which polymerize to form nylon 6.

In preferred embodiments of the present invention, the inherently
light- and heat-stabilized polyamide of this invention is nylon

35 6, nylon 6/6, nylon 4/6, nylon 6/10, or aromatic nylons such as,
for example, poly(meta-phenylene isophthalamide) and poly(para-
phenylene terephthalamide), which are disclosed in U.S. Patent
No. 3,287,324 to Sweeny and U.S. Patent Number 3,671,542 to Kwo-
leck, both of which are incorporated herein by reference.

40
In a more preferred embodiment of the method of the present in-
vention, the one or more piperidine compounds of formula (I) and
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 regulator(s) react
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20 oxylic acids include Cy4~Cig9 alkane dicarboxylic acids, particu-
larly adipic acid, azelaic acid, sebacic acid, decanedicarboxylic
acid, and dodecanedioic acid; Cs5-Cg cycloalkane dicarboxylic
acids, particularly cyclohexane-l,4-dicarboxylic acid; and ben-
zolic dicarboxylic acids, particularly isophthalic acid,

25 terephthalic acid, and naphthalene-2,6-~dicarboxylic acid. Non-1i-
miting examples of suitable amines include hexylamine, cyclo-
hexylamine, octylamine, benzylamine, and 2-phenylethylamine, Non-
limiting examples of suitable diamines include C;-Cig alkane dia-
mines, particularly tetramethylene diamine, hexamethylene

30 diamine, and dodecane diamine; Cs—Cg cycloalkane diamines; and
Cg-Coq aryl diamines, particularly para-phenylene diamine, meta-
phenylene diamine, meta-xylylene diamine, and para-xylylene
diamine. The chain regulator(s) is preferably used in an amount
of from about 0.06 to about 0.60, more preferably from about 0.10

35 to about 0.50, mole percent, each in relation to one mole of
amide groups in the polyamide.

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)
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30 Similarly, fabrics may be formed by subjecting the inherently

light- and heat-stabilized polyamides of the present invention to--

any conventional fabric-forming process such as, for example,

that disclosed in U.S. Patent No. 4,918,947 to Speich, the ent-

irety of which is incorporated herein by reference. -
35

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 dyes. 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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4- am no- 2, 2 B9GP INATEORY| PRPesidi FRe chBEAdRobYaiSeniss sthqn pun into

14 i s al $dbeasrordabuici acedriipgetencanventionzl aethode pigdnast sfosui -
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30 weight Percent.

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 6 dissoclved 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) calculations 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,



The present invention is further directed to articles produced . fromthe
i nher ent Yo 4g/f4kY7- and heat-stabilized pol yam des and to pcEmPhUEIS3DS
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dyes, an aci d donor to slowy | ower the dyebath pH. The--dyest uff i's

added, 24rebIvrerdgehtdinipld No stighistiedrsThe sol ution i s heated

15 to the desired tenperature of typically about from95 C to about
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30 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° €) and dried under nitrogen. The polymer is postcondensed at
160°C to increase the viscosity to 2.7. The amino end group con-
tent measures about 33 meq/kg, and the carboxylic end group con-

35

tent measures about 50 meqg/kg.

EXAMPLE 2 (Control II)

40 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




. soluti on-dyei ng nyl on can be enployed. The foll ow ng general condi tions
are exenpl swgogdidonot intended to be limiting. The 15 pol yaR¢TEPY0093ze
present invention is nelted and coloretfwith a colorant selected from
the group cgm&m} i eQkell IFERIcEel BY S5 polyﬁ@ylml%edt&&r@%eﬂl wéFi -
properties B "‘63:? xp'ag%%&na&da%%ar fovégdu‘fé’ %aik%%ut%%r e@lfxe

col ored pol

el spu

convent i onaﬁy’ﬁﬁf Hbsd}hfﬂcﬁx‘égu£ﬁdo?m§%r e‘&é’ﬁﬁﬁ&”? ﬁ8§§°ﬁ?’é é‘ﬁf‘?@&an §ut
Patent No. ADSBTIRS-t ShR-FAIPS argewasiiasus times mhHchnf WNeE BOASTAEHD to
Kent et al5. (abowt U08° Ph and teriedNmdel; 218r8deh .t ThEppoTmer is fbetqoresent
i nvention wakhsbe fwnihes desiticrbade bihd %Ege@m& &8 224! *ﬁe } o i

detai | ed exgupl,es.o b5 XAURLES, 968,20 (il Dhog (HEY- G LLLystpglion and

are not int I'n the
exanpl es, tﬁé"\“%l?%% f‘%??ftreo?n& Sut t7e1sf“e5/]6‘éedures are defined as
follows: 30 Weight Percent. The wei ght percentage of that conponent in
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by a potent o rmne

st eep pot%npvsr lﬁﬁﬁéﬁ§e ]T}nutes T e polymer is then extruded under
positive nitrogen pressure and cut inte 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
meq/kg, and the carboxylic end group content measures about 89
30 meqg/kg.

EXAMPLE 4

- Polymer Containing TAD and Carboxy-TAD Stabilizers

In a polymerization of a 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-
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

40
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The carboxy end group content is determ ned by dissolving about . 0.30 g'
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e
hol di n SnPx e &° agmébo?ﬁ R5G ggr
the pr Gh@ pressure is slowly released. To accelerate pollymerizabign,

rel eased. the agstémrriat @lpokdmendezat vasutheosypdlemni By Foa- less cethrubder a
vacuum of mi@QtebarTiy eoivhier| Bstthkn Bkbuhidsd ublderp@-posidiy@ehitfoddien
extruded Lﬁ}%@@uﬁem tduteiftd r&&% p&ﬁésaafp@ra%cwashea WAk GOt Rgarekhe

chi ps are o L] .ITES W|th out 100Lerr] C) and
o Pg o acREeeE ol "SRa @z}%o = Oghd g SHACTEE ¢ 1o
i ncr eas tQ‘Pélt@P§c‘€9%4~°thetso the carboxylic end group

content measures about 78 meq/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 terephth&lic

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
250-1liter 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 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° ¢) and dried in a tumble dryer. The amino end
group content measures about 41 meq/kg, and the carboxylic end
group content measures about 65 meqg/kg.
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group content neasures about 35 neq/ kg, and the carboxylic end roup
content mewswsoms29about 71 neg/ kg. 10 EXAMPLE 3 Pol ynﬁCT@ﬁ?P’ﬁgﬂ%? ng TAD
and Carboxy-TAD Stabilizers In al$ol yneri zati on of a nylon 6 pol yner
(RV 2.4), #xkgpcmpro- 15 |lactam 400 g water, 22.8 g (0.57 wei ght percent)
of terephthalic acid, 10.8 g (0.27 wei ght percent) of

4- am no- 2, - | d 289(0 32 wei ght

per cent) O%p?ngh@gggfﬁg%ggt IM% ngf};%%eﬁﬁwgﬁ%e‘% di ne are charged into a
11-1i - ter autocl ave. The mxture is heated to about 260[err] Cin one
hour, 20 SwWAhreresid tingsavien hepdwmens of FvamRleD lpshrowgh G2 amm el After
hol di ng t hexBruded atake8bp18° 60 Tisé ex¥rh@ed nniEHgentorambedbl188 and rHoiut es,

t he pressu& dhflé& % E‘é}é’&?%‘% q%(&aél?(‘a%'r%@t%° C. p-ﬂ#%ﬂl'aﬁéﬁﬁg%ré h&-

systemis pface a va ar nm nut es.
The pol yrreg’ SErt i, PRV B Pon DRLmerd BRPHOGe e BT and out
into chips m?ﬁél%q‘ﬁdpé'-c’a?-’ép’@%‘ée filapent FobERReR WiYAFRS RISFLHKEN WRt@R ¥ about
100[ er r |10Cwiadedr crti epeaddegreatenmi thayabouthd3 @bin/men. | Thepostrnsndeased at
160[ err] C G@akwRCh Rt wih@ing, \6ndCeBé (drawO ratfo vEIQ e8NE s &HDu@r 9UP €Nt ent
measur es aheut,36 5. neq/ kg, and the carboxylic end group content measures
about 89 30 meq/kg. EXAMPLE 4 Pol ymer Contai ni ng TAD and

Car boxy- TAD St abilizers 35 In a polynerization of a nylon 6 polyner (RV
2.4), 75 kFXRYBLH-8 | actam 1800 g water, 412.5 g (0.55 wei ght percent)
of t &ephthalic acid , 202.5 g (0.27 wei ght percent) of

4- am no- 2, Zef@16wimi rognetbytqi paticdedetutard 75 g (0. 10 wei ght per- 40 cent)
of 4- carboxy 2,2,6,6-tetranmethyl pi peridine are charged into a 250-liter

?Ete"ﬁ'riliué@; ﬁ%ﬁéﬂédﬁi@bo t%@ féf?% 105 et Eﬁ?ﬁ S RERor g no t ne

m xture §gr Thesg "(fteeS TRt S8PeFRRTDr essur e
i s sl owlq’ FEPBRSEEDR 'Fozﬁé%é?aé?hataé 1 repat| FmMedahtt ol fapsiem(her pl aced
under a vaecdvetvér SGWEMN Kgerlonf ¥B-0ESs(anhanisnin mebesind heyepdl aneilas t hen
extruded umder fPopBASF CSipdr&R 1Bt 6D RS 6$§%el\ﬁﬂdJ§ﬂ§ey)manle ps. The
chips are Washegk owr tetrasodium p osphate to Femove sgdh £iWkbh Doy water
(about 90[%Er]r£%séﬁ“%ngra§aeé"T%e Egige ﬁ% ed tubes are then exposed in
~ 25 ap Atlas Ci65 Xenon-Arc Weather-Ometer® for 700 hours (987 kJ) in
100 hour (141 kJ) increments by the conditions specified in the
GM SAE J1885 Test Method. The exposed tubes are measured at each
increment of exposure for yvellowing on an ACS Spectrophotometer.
The Delta b* values are a measure of vellowing. A higher Delta b*
30 value indicates a more yellow sample. The results of these expo-
sures, which are plotted in FIG. 1, show that the tubes spun from
0.15 weight percent propionic acid {(control I) and 0.57 weight
percent terephthalic 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 ¢

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 yellowing between the different
yarns when exposed to this extreme condition, After this heat ex-



am no end group content neasures about 41 nmeq/ kg, and the car boxylic. end
group coRy8Rb@ASUres about 78 neq/ kg. 5 EXAMPLE 5 PEATEPIIMO932
Cont ai ni ng TAD and Car boxy- TAD St abidgzers with Titanium Dioxide 10 In a

pol ymer i I w4 cap I actam 1800
g water, 13‘%2‘9‘% gg %%L f]esG agg he{ggéurge)%vf% }eltlo tﬁ%l tlt‘%e ébi:clsd P502. 5 g
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under a veRiREPSridbne ntingentaen) cgelliowsnless themghestuliése spolnyfeemi s t hen
extruded tinslertharppslymers nicontgeh I andr esstxel &Id .cut i nto chips. The

chi ps are washed with hot water (about 90[err] C and dried in a tunble
dryer. Thg,#g no end group 25 content neasures about 41 neq/kg, and the
carboxylic end group content neasures about 78 neq/kg. EXAMPLE 6 30
Pol ynmer Cont ai ni. ng TAD and Car boxg/ TAD St abilizers In a polynerization
of a nyl dieT" PEHPRel YRRPWINP), oF soqapreddkpitted \Yaamnam 1800 g water, 225 g
(0.30 Wei ght percent) of terepht haI I C acid, 112.5 g (0.15 wei ght
percent) of—4-apm-no.2, 2,6, L-tetrane-—35-thylpiperidine —and 75 g (0 10

wei ght pdf@é@BRt§ of 4- car boxy-2, 2, 6, 6- t et r anet hyl pi pe Pef e bar Bathe ged

into a ] 0236-weidit QiétrQ%h&Vﬁroﬂihﬁum a&mem:@mb@atﬁﬂ tojabput 2/0] err )C in
one i an S caaca 3 02—m-Hq) .
After holldi X rengx é'e htEtél g’l@ ?D about 40 30
m nut e39 eﬁ% Vﬁ TQI,Q? %ssé o y(ﬁre éase e§&'§8f‘%‘?at e pol yrreri zatli on,
t he syste lc aced_undEL_gpﬂapunn1nf Rnn,nnlhh fortl30 minutes . THe
pol yner i|®- ﬁﬁeﬁew@ﬁ REEGBRAEPrPNIOdie| 3eldH0. 27 weidhfen|Pressure and dut
i nto chi d@ereRet chiggaingr & dedHed-shireRerbYlPivegdrer (abofit 90[err] C) 4nd

dried in |&iPgABt 32 VSiGht PRECSDE r’f‘océ’ﬁﬁmﬂ%‘?grzo@pscéﬁ‘ﬁ%‘t neasures about| 41
meq/ kg, Mechriripsidine dExamPle 33y oup content measured about 65 meallkg.

EXAMPLE 10
Strength Retention

Three more sets of knitted tubes made in accordance with Example
8 are dyed in separate equivalent dyebaths in typical automotive
headliner shades of green, gray, and burgundy. The dyeings are
done in a 30:1 dye liquor ratio using the following: 0.5 percent
owf Supralev ac® (a dveing assistant and leveler available from
Rhone-Poulenc, Inc. of Lawrenceville, Georgia), 1.0 percent owf
Sandogen NH® (a dye leveling agent available from Clariant Corpo-
ration of Charlotte, North Carolina), and 0.5 percent owf Amquest
LDsS® (a dye solubilizer available from American Emulsions Company
of Dalton, Georgia). The dyebaths are adjusted to a pH of 6.5
with acetic acid and heated to 95° C at 1° C per minute. The dyé-
baths are run for about 45 minutes at 95° C after which they are
cooled, and the dyed samples are rinsed 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 ZGL'250 percent, Irga-
1an® Yellow 3RL, Irgalan® Yellow GRL 200 percent, Irgalan® Black



19 - EXAMPLE 7 Spi nning of Bright 40 Denier/12 Filanment Yarn 5 The
resul ting wommrpol ynmers of Exanples 1 through 3 are eactPCT/ERIOIFed at
265- 275 C. The extruded filanments are2tool ed and so- lidified by a

stream of gisNEboapércint] STEalh® Bilansmt 20ar petibnt, ThsaTai®dkedi th spin
finish bel G RCrAUE bR ClnRRGod] &xBidrey cl AT bREELLL QITRVEYE-
filament Coiceledln dAlspateal AP ON, I MIMEL 2 fieads gt eal er than
about 1300 PRS- are egrawn pr|8 i (ﬁr? 3 & draw rati o
vari es frorﬁ%u?a’?,de“{ao and y3 “g¥ellow L@km%ah gsfrom ?éPFb"ﬁ“hg of
Scour ed KniGaradrItbes. The yar ns (nmade in Exanple 7) fromthe polyners
of Exanples 1 through 3 are knitted into tubes. These three knitted
tubes are Zﬁt%%OH{/@ﬂzdnt%eZQaﬁpJ%t Qrattés&dogefemtmt%é%ve qfighabric
(her- — eidlalbgls "Ofedokhel! o NBA 0L 4%165@3 A feseolith “gtg@nt

avail a- porati on and 1.0

per cent oquretlﬂas%dfqrmzzﬁyFop?ﬂf)sﬁhS{l 1% IBeﬁBv]%Y stﬁiencPP%%‘r?nénaPeu are
ri nsed ah® frddedn the GhBSAE RHIEX &¢stuethask-eThacrtrengbbeef iWhe2Famms At | as
Ci 65 Xenon-ravel¥daf he -tBeekeitfad tiB8shouy wel984s khe sBrengtlD@elentidridl

kJ) increnesgt %.nerizf'ﬁlan'aQb&! Hbh-2RB65Ed fhnipl el NEs meaGYt SR EL8BS eSSt

yel low ng G enoageeide 2l IRARNAE of wiillrs) BELPRINE agép?”risﬂ‘r”e
of yel | owi R AP cf %e ?ge s%ttﬁaﬂﬁ%l &l& t55-’safé’rrr8?‘% )&qs g%?‘r%‘s

The resut? Shidepnekies sagple WikyleS? TR RLECHIbeEqPPEAFIIC 1, show t hat
t he tubes sagmmi/ﬂr.@?nwelg@tlﬁemrghﬂ prelm ZpﬁomMWchﬂRMr-ol ) and
0.57 wei ghtdlne/loeBE&F&J.g&ﬁr pehddind uecathaky-Q, 276 yei@htirafetigflfiperidine

4-am no- 2, 28w Rnt ek AMRINY bR p@éﬂe@?@ﬁ {&antihah éﬁé IHRlkOYE S{d@Ris- wabgnt

;Lfg?gl ggq ﬁﬁe?%%%é{b%o%ﬁ%egcff Og)l gm%? P\éeﬁﬁréer&eqzﬁgg t:halt repht hal i c

I pert, |ne/0 32
wei ght toDOr gens. SRRty 6/ 6 ﬁrﬁé‘FF REFAGERe! on) .

40 EXAI\/PLE 9 Heat Aging of Yarns Anot her set of knitted tubes nade
i n accor dandelsi the Bxampitéo8 Uds dreenedposridbednia domeetian withawbdt olsen at
170 C for gh@iglenB3y cdidldesdl€s GR! eh8IMesd Reabeldl waaystéuirea bebyeen
the differefinentyaf 0S; IMENLEXRARAG b8ttt RXE" SFe2ARdi {4 albe ALLEE this
heat ex- 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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45



20 posure, the sanples are neasured for yell ow ng omthe-ACS-Spec-— .

t r ophot onwioe9/4121d t heir col or difference relative sed

control is determned. These Delta b*2%al ues are gllm,mlr"m,m}gﬂl l’ beI ow

(each Delta b* value in Table 1 is the average of *5 twoLrea

sanpl e frogtwgiganpl es for each condition). The results in TabI e 1 show

that the tube spun fromO0.57 wei ght per- cent terephthalic acid/0.27

wei ght perient al_%l go g 6, 6-tetra- met hil pi peri di ne/ 0. 32 wei ght

percent 4-tarbd 8T FFKINCa AB- inhgygptdvnbighinand heehtstadiljisrions

| ess thah the EQF&Y@@@EuﬁOmP@ﬁlPG shed entiiay pokyormerecpolyahide-dodmingt r ol

I1). TABLierbmers kead padivmgr{¥etiewipigresf ﬁc(ﬁl{eeéi-gaéﬁé@%fanps 15

Sarrpl e an effective amount of at least one %:Lpex%ll \%azn[aere- 0.15
Wl g

wei ght per cent, QIQpi @RI |G le 1) [ percent
terephtalic aC| d/ 0. 26 V\g'Yg t - I;xggg per cent

4-am no 2,2,6,6-tetramet hyl pi perideine (Exanpl e 2) 0. 57 wei ght

per cent ?erepht alic acid/ 0. 27 vvel gh 2.6 per cent

4-am no- 2, 2, 6, 6-t et ranet hyl RI p di ne/ 0. 32 wei ght percent

4- car boxy- 2, 2, 6, 6-t et rla- 3hyI pl peridine (Exanple 3) 25 EXAMPLE 10
Strength Retentl on 30 Thre sets of knitted tubes made in
accordance with Exanplle 5 8y d i xisepapptg equi val entlTdyebat hs in
typi cal1 utonoti ve headl i ner es of green, gray, and burgundy. The
dyei ngs~are done in a 30: iguor ratio using the following: 0.5
percent 35 owf Supral gv AC assi stant and | evel er avail able from
Rhone- Poul enc, Inc. ofllaw encevillegl,, Ceorgia), 1.0 percent ow Sandogen
NH (a dye |l eveling agent available from CI ari ant Cor po- ration of

Charl ot t e, hgfetif fary d er LDS (a d e

sol ubi | 5%&}\%(3}1 gﬁ&;rggs}o %nb%néf%nu OH? Qr%(‘iﬂ f40E{201‘R‘r’lﬁ]f%

Geor gi a b%lh are adl_lus ed E 101C56 Wi Pﬁsa%efcri%e J&rd and
heated to e Pinhkye orabgiétuted pdiyd haelnun for

about 45 nﬁifﬂ!f't é§°‘dt’- 135{%1'3?0}9“@: %19 tcéﬂfrbxml ghomheyr anearyl coolsadstatdtede dyed
sanpl es araryli hsetnantral abdut Theed @bbowi 2¢ carkdyestoane, usad boof or nul at e

the dye sharkes=-grfnis al q&ohfﬁlttm Gk #6rmObh REHARNbond Hdgl8Br B deawx RLB

200 pergeninindNdah8t4 &lARqual 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>53<CH3 o
CH; 1"7 CH3

Ry

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

30

35

40 2. The method of claim 1 wherein R; and Ry are hydrogen, Ra-Rs

are each a methyl group, Rg is a hydroxyl group, m is 0, and
n is 1.

45 !'



| ..I3.-c-)-rs=-de.;31.ux EL 206‘-percent, I.rgalm;lltwé“r-ﬁl ow ch;li Iﬂmm%lu‘#ms””!ﬂg%%z I 'an

Yel | ow” 3RLWO 9%ttRein Yel | ow GRL 200 percent, |rgalanc

21 RBL 200 percent, Irgalan[err] Bl &3 3G. 200 percent, Irgalan[err] Red
Brown RL 20B8. peThemetand of galadim G elyefdin?89 et Gerdralhlydavgeh a-R2-Rbl e from
Ci ba Specialty Lhendazhl s fefRar atcbep, o, tsod Mairdkyl oM, hmCagolj naisand
Lanasyn[err] Yeilawd MWavaliahld From &agang conléigewé”&t cQ0e, alkg?tter

dyei ng, the sanples -are tested.for autonotive dye |ight- f ast ness
exposure in annﬁ?ﬁé}‘sleae%a%én%ﬁyz?%ev\éat her-Oreter[err] for 112.8 kJ,

225.6, 30B8.8 and 488.8 kJ by the conditions speci- 10 fied in the GM SAE
J1885 Test #kt hBhie mRtdodt peitaimoB viheraiay Hsis CHaavel ed fromthe knitted
tubes, as well as the strength retention of an original dyed,

ey oment of - ox g netol 88 L1din £ PehePene pordhial e pdRiers |

I ndi cat e _t hat, ?%n?prelzfghc%géﬁhaé&%?eégﬁ % szides, the sanple with 0.57 wei ght
per cent tlgrepht hal i c aci d/ 0. 27 wei ght percent

4- ami no- 2, 266, 6Themedmethef ptlgdrm 1 whenfiime tbhe Ioolmemghe-framiagt monomers

4- car boxy- 2, 2, 6¢c6mpeitseanet hydgr paei diatine cbmpmert iaad) abhdsedsessnst rengt h

| oss than the ce@dd:¥cxvi e la-Mei ght percent propionic acid and 0.57

wei ght percent terephthalic 20 aci d/0.27 wei ght percent
4-amno-2.2,6,6-tetra hyl pi_peri di ne). . VWiil e the inventign has been
descri begsi A co'ﬁ%%é‘ﬁtgeﬁ%\l\%% e gi@“l‘rﬁﬁ’e%ﬁtﬁ/%@%’éi WRT &3 Be t he nost
practical and pFefRIWE]iengplected; feem the grgup cwsighies stfodexehat t he

i nvention i s notethylemedbahima taod tettdmetiys ehedicthiorbankd et atbuéaon t he
contrary, is inone dilc@Rgedylir GRUEN iy add1es O ¢abi GRSUARGEYNE MR ent s

arrange-  menbs dAgudadial et bR " bhadidkegferaial ddig.appended
cl ai nB. 2030 3

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
25 further carried out in the presence of at least one chain-re-
gulating compound other than the compounds represented by
formulae (I) and {(II).

10. The method of claim 9 wherein the at least one chain-regula-

30 ting compound is selected from the group consisting of mono-

carboxylic acids, dicarboxylic acids, amines, diamines, and
combinations thereof.

11. The method of claim 10 wherein the at least one chain-regula-
35 ting compound comprises one or more dicarboxylic acids.

12. The method of claim 11 wherein the one or more dicarboxylic
acids is selected from the group consisting of C4~Cip alkane
dicarboxylic acids, Cs5-Cg cycloalkane dicarboxylic acids, ben-

40 zoic 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,

a5 isophthalic acid, and combinations thereof.



40 45 VW claim 1. A method lm‘“ﬁﬂ“ﬂw MErent |y
| i ght - apg évegerstabilized 5 pol yam de conpri ne or
nore pol yam de-form ng nonome24 to a pol ymerfzati dn process in the
presence pf, (fhe method 8 EfdiRCHbVAnar@tnaf agt1dAASbnanenPiMmaiddine

compound re- ¢y com%ﬁﬁ&né lli)ée][so&gylﬁ‘ fbke dl%&nes.

[err] 15 rein err| 1s hydrogen, benzyl, or a err]-Cferr]
al kyl , R[err] Rlerr] are_each 20 hydrogen or the sanme or a different
Clerr]- ¥ r]ThE MACDOR AGSCIRHT &8 YRerein [Hhfcens RrMeFesAL@Bingrd i5s an

al kyl 05 subssélanated frey|thegimnoyp condisiingbofitCi-Cho alksaie 80amimérnn at ons
or an aryl orcsuahstyéldaikane atyhideyi og-dr0arabaitarfinks, aloait 20 car bon
atons, mis Oc@bihations FdrdF.is a group that can forman anmi de bond
together with an 25 anmine, and n is equal to 1, 2, or 3 and (b) an
effective, anount of. at |.east one 4- am traneth |per|d| ne
compound 1? 'ﬂb é‘f‘?‘f’gdot clfacﬁn}n}l ?f?a)n e §B%ymérlza ion progeéj

[err] 10 further carrled 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 ny-

15 lons selected from the group consisting of poly(meta-pheny-
lene isophthalamide) and poly(para-phenylene terephthala-
mide) .

18. An inherently light- and heat-stabilized polyamide compri-
20 sing:

(a) a backbone polymer chain having two chain ends;
(b} at least one piperidyl radical chemically bonded to one
end of the backbone polymer chain of the inherently
25 light- and heat-stabilized polyamide, the at least one
piperidyl radical represented by formula (III):

Ry R
30 2 / 3
(IIT)
Ry R
a5 | 4 5

-—n

wherein R; is hydrogen, benzyl, or a Ci;-Cy¢ alkyl, Ry-Rgs are each
hydrogen or the same or a different C1-C¢ alkyl, X has n free va-
lance bonding sites and is an alkyl or substituted alkyl having

40 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

{c}) at least one 4-~amino-2,2,6,6~-tetramethylpiperidyl radical
45 chemically bonded to the other end of the backbone poly-
mer chain of the inherently light- and heat-stabilized



wherein R7 is hydrogen, benzyl, or a (Jerr]-Clerr] alkyl. 40 2. The nethod
of clai'm 1 wbeysnwm Rierr] and Rlerr] are hydrogen, Rerr]-RPEFEPIN0BZ  are
each a methyl group, R6 is a hydroxyl 2§roup, mis 0, and nis 1.

45 polyamide, the at least ond34-amiho-2Th¢6@iderdanbthymi m 1

wherein Rlerr] and ﬂﬁflhy@rﬁa&%&ogéﬂreﬂnﬁz%ﬁlbﬂﬁﬁnhla (ry) - are each a
met hyl group, R6 is a hydroxyl group, mis 1,

selected fromthe group consisting of (Jerr]- C[e al ky
met hyl ene, and et hyl ene. 4. The net hod of cla\
CH err]. 5 5. The nethod of claden 1 wherein th ormng

nonomer s conpri se caprol act 4m nononers. *6. The rret hod of

claim1 wherein the polyamd for rmnoners corrprl se at | east one

di am ne conmpound and at | east? Mg car boxyl i c(Hi d 15 7. The

met hod of claim6 wherein theH ¥ast~ame di am ne corrpound S

sel ected fromthe group consisti ng[ of hexa- net hyl enedi am ne and

t et ramret Afl enedi anine and the at | Bast one dicarboxylic acid is
selected fromthe group consisting of adipic acid, sebacic acid, and

terephthalic acid. 20 8. The nethod of claim1 wherein the
pol yam de- f or i ng P8 Srogen, be%ggmigle adic(igézt?)oéyll:}f. acid diamne salts.

15 19. The polyamide of claim 18 wherein Ry and Ry are hydrogen,
Ry-Rs are each a methyl group, Rg is a hydroxyl group, m is 0,
and n is 1.

20. The polyamide of claim 18 wherein R; and Ry are hydrogen,
20 Ry-Rg are each a methyl group, R¢ is a hydroxyl group, m is 1,
X is a CH;, and n is 1. B

21. The polvamide of claim 18 further comprising at least one ra-
dical of at least one chain-regulating compound other than
25 the compounds represented by formulae (III)} and (IV), the at
least one radical being chemically bonded to the backbone po-
lymer chain.

22. The polyamide of claim 21 wherein the at least one chain-re-
30 gulating compound is selected from the group consisting of
monocarboxylic acids, dicarboxylic acids, amines, diamines,
and combinations thereof.

23. The polyamide of claim 22 wherein the at least one chain-re-
35 gulating compound comprises one or more dicarboxylic acids.

24. The polyamide of claim 23 wherein the one or more dicarb-
oxylic acids is selected from the group consisting of C4-Cip
alkane dicarboxylic acids, Cs-Cg cycloalkane dicarboxylic

40 acids, benzoic dicarboxylic acids, and combinations thereof.

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

45 acid, isophthalic acid, and combinations thereof.



9. The nethod of claim 1l wherein the polynerization process is 25

further gardolpsdsout in the presence of at |east one chai NPCHEP99/00932

gul ati ng conmpound ot her than the coggounds represented by formul ae
(1) and (Jd) rhe polfamidie oFeLDRfh Of2 GhakBid WheLel Relde dle LBaSh-RLE

chai n-regul @, 18uing dddihGATBORNM J 38LEGE SL.I ATkANIEr ouP consi sting of
nono- ca OX3|IC acids, carboxyli c acids, am nes, diam nes, and
conbi nations thereof. 11. The nethod of claim 10 wherein the at | east
one chai ”R7r.edieapolpanide ofnhglaghptfutregsipriiedisning rissed egtedr boxylic
acids. 5 1Zrobhehesfimyp cbneiatind bfwGer&isnatkanedidaninesr €sdiCear boxyl i c
acids is sel egicadaikane tdienghesp ©oRs) drivigdobmGey,r hndl et irmddiane

di carboxylic 3ghdge. Clerr]-Clerr] cycloal kane di carboxylic acids, ben- 40
zoi ¢ di carboxyli1c acids, and conbi nations thereof. 13. The net hod of
claim 12 wherein the one or nore dicarboxylic acids is_selected from
the groupfor@iesPphyamide@fpriadpif where inthe priKaride furghere6aRi c

aci d, ecanedid@eboayl| leasdciode pHgment.j sopht halic acid, and conbi nati ons

t her eof . 24 14. The method of claim

10 whereigy t hg Abok 6asiaONE ehaif- 18 WHeRzin the idhbPEnEOPPAWRY-CORAY I SES

one of More diam B88ri1ized Bo1 i A0S ILo LR Moh OSAGL BSOS OF

more di ami nes 8 5oL &8 ro ? e grou onsiL St ﬁa.err!’-qerr]
§16 cpuilen) ke BLaM M. @PE PFOT err]

al kane di ani fgdng of nylQy & pYEPR, {i-8F
aryl di@ni negratdgdnylons sel@ebpAafTIhshengrewp consisting e RPEVHBALST clai m
1 wherein t heolpoivierei isdphhapeniésls damsl pO1ly (pararphesylere rieg@pboharn t he
presence of afafli@@$t one pi gment. 17. The method of claim 1l wherein
the inherently light- and heat - stabilized pol yam de is sel ected
fromthe group consisting of, . nyl.on nyd.on .6/ 6 l.qn 4/ 6, .nylon

6/ 10, and ar LR ?.(i%“prlmflgngh%ejl ec?trggtwoin%g[%ﬁe 8?%%'3%032?@%%5 of

pol y( ne? a- phe#ft Polyamide e GlasBnthal ani de) and pol y(par a- phenyl ene

t er epht hal a- m de) . 18. An inherently light- and heat-stabilized
pol yam desrtonthd ar2fcle ofialgiim 30 wherein the article is selected from

the group consisting of fibers, yarns, carpets, and textile
fabrics.

25

* 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.,
30

. T

40

45



(a) a backbone pol ynmer chain having two chain ends; (b) at |east one

pi peridyl ra¥Pe%s128heni cal ly bonded to one end of PEWEPIORYoNe

pol ymer chain of the inherently 25 | ight- and heat-stabilized

pol yani de, | east one 142 peridyl radical represented by
_forrrula(IIE'elG OB [err] 35 wherein R err]

"is hydrogen, benzyl or a (Jerr]-Cerr] alkyl, Rerr]-Rerr] are each
hydrogen or the sane or a different Clerr]- C[err] al kyl, X has n free va-

lance bon@ ng sYellewingof Scored Kaltied| Tubes HytGMiSAE #1885 Fest Mutvachg 40 from
about 1 t aﬁeHe—e-&ﬁbeﬁ—a{-eﬁe—ef—&n—&FH—eF—a*beH—Hﬂ—eé—a*yl havi ng

'.from abou1>3 o about 20 carbon atons, mis 0 or 1, an lequal to 1,
2, or 3; &nd0 (C) ar T east one
- 4-am no- 282, g 6-tetranet hyl pi peridyl r2di 45 chemi calfl y bonded

"to the ot gnd of the backbone pojs- mer chain_of the

i nherent | I [ Ghlatinn it i ,
25 < pol yani de, the at |east one4amn02 2,6, 6-tetranet hyl -
_pi peri dyluj.aQL-GaJ—pe-pr—esem—ed—by—f-oc-m,u-ail \) 5

“[err] © 10 wherein Rerr] is hydrogen, benzyl, or a

. Jerr]-d@A0tatkytr— . T . . . T
@ 0 TVOO 200 300 400 500 600 700 800 900 1000

Hours Exposure

15 wt% PPA -=- 30 wt% TPA/.15 wt% TAD
—+—.30 wt% TPA/.15 wt% TAD/.10 wt% TAD-COOH

FIG.2

Lightfastness of Automotive Carpet Shades Dyed without Cibafast N
Exposed by GM SAE J1885 Test Method
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B.15 wi% PPA 30 wt% TPA/.15 wt% TAD
.30 wit% TPA/.15 wt% TAD/.10 wt% TAD-COOH



15 19. The polyam de of claim 18 wherein R err] and R err] are hydrogen,
Rl err] - Rvorasgipre each a nmethyl group, R6 is a hydroxyl grPGUBPIHR O,

and nis 1. 20. The polyam de of claim 18 wherein R err] and R err]
are hydrogen, 20 Rlerr]-Rerr] 22e each a nethyl group, R6 is a

hydr oxyl group, mis 1, Xis aCHerr], and nis 1. 21. The
pol yam de of claim 18 further conprising at |east one ra- di cal of
at | east one chain-regul ati ng conpound ot her than 25 t he conpounds
represented by fornulae (I1l) and (1V), the at | east one radi cal
bei ng chem cally bonded to the backbone po- | ymer chain. 22.

The pol yam de of claim21 wherein the at | east one chain-re- 30
gul ating conmpound is selected fromthe group consisting of

nonocar boxyl i ¢ aci ds, dicarboxylic acids, am nes, diam nes, and
conbi nat i oFl@ec& 23. The pol yam de of claim 22 wherein the at

| east one &-\B5 gul ati ng conmpound conprises one or nore -

di carboxylic acids. 24. The pol yam de of claim23 wherein the one or
nore di carb- oxylic acids is selected fromthe group consisting of
Cerr]-Cerr] al kane di carboxylic acids, C[err]-Clerr] cycl oal kane
di carboxylic 40 aci ds, benzoic dicarboxylic acids, and conbi nations

t her eof . 25. The pol yam de of claim 24 wherein the one or nore dicarb-
oxylic acids is selected fromthe group consisting of adipic aci d,
terephthalic acid, sebacic acid, decanedicarboxylic 45 aci d,

i sophthalic acid, and conbi nations thereof.

26I at ﬁG cgheopg)é)%o ttheE)am W\Qellﬁidjht- ed Qb 27r9¥ﬁ60hg: n;n'e;ie of
ul ati u :

gl aim 2% V\:thEI n the%éﬁgég g& Réf@{:eaggﬂgﬁﬂﬁm?ﬂe group (F:)on)s/i sting of
d errl-é (U4 = ST mores CVRLOALKANS mian‘i nes,
C6- C2 i am : —

vner eol .

Ok 425KkJ 850kJ 1275k 1700k 2125k
kilo Joules Exposure

—+-.15 wt% PPA -=- 30 wi% TPA/.15 wt% TAD
—+-30 wt% TPA/.15 wt% TAD/.10 wt% TAD-COOH
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28. The zpol yam de of claim 18 where in the pol yam de further g y _ )
prises at | eas%)cy[e Pi gMeNtworp nreLTual MRorRON RGNS TERE Cl al m glk@lerei n the
i nherently |ight="and heat - singpptieralAsdaupol yam de is sel ected fromthe

group CJNBERNATIONAL ARPLICATION/RUBLISHED UNDER THEPATENT@OCHERATION TREATE Gecynd
ro- Lectea nronyLIme group CONSTSUT Ty Ol PO T =
Shep /%gﬁnm?é%ﬁ%{%ﬁ%%éghd pol y(|par a@BHE‘%W‘é‘ﬁbP“P'@P‘@b Ht“ﬂb&’-” WO 99/41297
lhamt le) . n_slG_ 68 CAW{&W*: ' e C;&PL' S t"g @B%@%@&Pﬂ%&e@ L a%?ﬁ%grsé 1999 (19.08.99)
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(57) Abstract

An inherently light~ and heat-stabilized polyamidé is prepared by polymerizing polyamide forming monomers in the presence of (a)
an effective amount of at least one 4-carboxy-2,2,6,6~tetramethylpiperidine compound represented by formula (Iy: wherein R) is hydrogen,
benzyl, or a Ci~Cyo alkyl; R2-Rs are each hydrogen or the same or a different C;—Cs alkyl; X has n free valance bonding sites and is
an alkyl or substituted alkyl having from about 1 to about 30 carbon atoms or an aryl or substituted ary] having from about 6 to about
20 carbon atoms; m is 0 or 1; ~C(O)-Rg 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 représented by formula (II): wherein Ry is
hydrogen, benzyl, or a Ct-Cao alkyl. The inherently light— an heat-stabilized polyamide comprises at least one radical of the at least
one piperidine compound of formula (I) chemically bonded to the backbone polymer chain and at least one radical of the at least one
4-amino-2,2,6,6-tetramethylpiperidine compound of formula (IT) chemically bonded to the backbone polymer chain. The inherently light-
and heat-stabilized polyamide may be used to form articles such as, for example, fibers, carpets, yams, and textile fabrics.




